CISPR 16-1-4:2019-01+AMD1:2020-06+AMD2:2023-04 CSV(en-fr)

Full docu

CISPR 16-1-4

Edition 4.2 2023-04

INTE RNATIO NAL CONSOLIDATED VERSION
STANDARD

NORME

INTERNATIONALE »

INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE
COMITE INTERNATIONAL SPECIAL DES PERTURBATIONS RADIOELECTRIQUES

Specification for radio disturbance and immunity measuring apparatus and
methods —

Part 1-4: Radio disturbance and immunity measuring apparatus — Antennas and
test sites for radiated disturbance measurements

Spécifications des méthodes et des appareils de mesure des perturbations
radioélectriques et de I'immunité aux perturbations radioélectriques —
Partie 1-4: Appareils de mesure des perturbations radioélectriques et de
I'immunité aux perturbations radioélectriques — Antennes et emplacements
d'essai pour les mesures des perturbations rayonnées


http://avadocuments2026.com/doc/cispr-16-1-4-2023
http://avadocuments2026.com/doc/cispr-16-1-4-2023

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

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

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

IEC Secretariat

3, rue de Varembé
CH-1211 Geneva 20
Switzerland

www.iec.ch

les coordonnées ci-aprés ou contactez le Comité national de I'lEC de votre pays de résidence.

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

About the IEC

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

About IEC publications

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

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

IEC Just Published - webstore.iec.ch/justpublished

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

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

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

IEC Products & Services Portal - products.iec.ch

Discover our powerful search engine and read freely all the
publications previews. With a subscription you will always have
access to up to date content tailored to your needs.

Electropedia - www.electropedia.org

The world's leading online dictionary on electrotechnology,
containing more than 22 300 terminological entries in English
and French, with equivalent terms in 19 additional languages.
Also known as the International Electrotechnical Vocabulary
(IEV) online.

A propos de I'lEC

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

A propos des publications IEC

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

Recherche de publications IEC -
webstore.iec.ch/advsearchform

La recherche avancée permet de trouver des publications IEC
en utilisant différents critéres (numéro de référence, texte,
comité d’études, ...). Elle donne aussi des informations sur les
projets et les publications remplacées ou retirées.

IEC Just Published - webstore.iec.ch/justpublished
Restez informé sur les nouvelles publications IEC. Just
Published détaille les nouvelles publications parues.
Disponible en ligne et une fois par mois par email.

Service Clients - webstore.iec.ch/csc

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

IEC Products & Services Portal - products.iec.ch

Découvrez notre puissant moteur de recherche et consultez
gratuitement tous les apercus des publications. Avec un
abonnement, vous aurez toujours accés a un contenu a jour
adapté a vos besoins.

Electropedia - www.electropedia.org

Le premier dictionnaire d'électrotechnologie en ligne au monde,
avec plus de 22 300 articles terminologiques en anglais et en
frangais, ainsi que les termes équivalents dans 19 langues
additionnelles. Egalement appelé Vocabulaire
Electrotechnique International (IEV) en ligne.

Documents

Document Sharing Hub

Full document details: CISPR 16-1-4-2023


http://avadocuments2026.com/doc/cispr-16-1-4-2023
http://avadocuments2026.com/doc/cispr-16-1-4-2023

Edition 4.2 2023-04
CONSOLIDATED VERSION

INTERNATIONAL
STANDARD

INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE
COMITE INTERNATIONAL SPECIAL DES PERTURBATIONS RADIOELECTRIQUES

Specification for radio disturbance and immunity measuring apparatus and
methods -

Part 1-4: Radio disturbance and immunity measuring apparatus — Antennas and
test sites for radiated disturbance measurements

Spécifications des méthodes et des appareils de mesure des perturbations
radioélectriques et de I'immunité aux perturbations radioélectriques —
Partie 1-4: Appareils de mesure des perturbations radioélectriques et de
I'immunité aux perturbations radioélectriques — Antennes et emplacements
d'essai pour les mesures des perturbations rayonnées

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE
INTERNATIONALE

ICS 33.100.10; 33.100.20 ISBN 978-2-8322-6846-9

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

Attention! Veuillez vous assurer que vous avez obtenu cette publication via un disRibuteur agréé.
Docunents

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

Full document details: CISPR 16-1-4-2023


http://avadocuments2026.com/doc/cispr-16-1-4-2023
http://avadocuments2026.com/doc/cispr-16-1-4-2023

Documents

Document Sharing Hub

Full document details: CISPR 16-1-4-2023


http://avadocuments2026.com/doc/cispr-16-1-4-2023
http://avadocuments2026.com/doc/cispr-16-1-4-2023

CISPR 16-1-4:2019-01+AMD1:2020-06+AMD2:2023-04 CSV(en-fr)

Full docu

CISPR 16-1-4

Edition 4.2 2023-04

REDLINE VERSION
VERSION REDLINE

INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE
COMITE INTERNATIONAL SPECIAL DES PERTURBATIONS RADIOELECTRIQUES

Specification for radio disturbance and immunity measuring apparatus and
methods —

Part 1-4: Radio disturbance and immunity measuring apparatus — Antennas and
test sites for radiated disturbance measurements

Spécifications des méthodes et des appareils de mesure des perturbations
radioélectriques et de I'immunité aux perturbations radioélectriques —
Partie 1-4: Appareils de mesure des perturbations radioélectriques et de
I'immunité aux perturbations radioélectriques — Antennes et emplacements
d'essai pour les mesures des perturbations rayonnées


http://avadocuments2026.com/doc/cispr-16-1-4-2023
http://avadocuments2026.com/doc/cispr-16-1-4-2023

-2- CISPR 16-1-4:2019+AMD1:2020
+AMD2:2023 CSV © IEC 2023

CONTENTS
O T T 1 PP 10
1 IS T oo o 1= Y PP 12
2 NOrmMative referENCES ... e e 12
3  Terms, definitions and abbreviated terms ... ... 13
3.1 Terms and definifioNS .. ... 13
3.2 Abbreviated terms ... e 18
4  Antennas for measurement of radiated radio disturbance ................coooi 19
4.1 LT =Y o= - ¥ S 19
4.2 Physical parameter (measurand) for radiated disturbance measurements ............. 19
4.3 Antennas for the frequency range 9 kHz to 150 kHz..........cooiiiiiiiiii 19
4.3.1 L= T = Y PSP 19
4.3.2 Magnetic field antenna..... ..o 20
4.3.3 Shielding of [00p antenna ... ..o 22
4.4 Antennas for the frequency range 150 kHz t0 30 MHz............cooiiiiiiiii i 22
4.41 Electric field antenna ... ... 22
4.4.2 Magnetic field antenna............cooii i 22
4.4.3 Balance and electric field discrimination of antennas ................................ 22
4.5 Antennas for the frequency range 30 MHz t0 1 000 MHz..........cooiiiiiiiiiiinn, 22
4.5.1 L= a1 =Y PSP 22
4.5.2 Low-uncertainty antenna for use if there is an alleged non-compliance
to the electric disturbance field strength limit ..., 23
4.5.3 Antenna characteriStiCs. .. ... 23
454 Balance of antenna ... ... 25
4.5.5 Cross-polar response of antenna .............ooiiiiiiiiiiii e 26
4.6 Antennas for the frequency range 1 GHzt0 18 GHz..........coooiiiiiiiiiiii 27
4.6.1 LT =Y o= = Y 27
4.6.2 ReECEIVE aNteNNa .. oo 28
4.7 Special antenna arrangements — large-loop antenna system............ccccoviiiinnn. 29
5 Test sites for measurement of radio disturbance field strength for the frequency
range of Q9 KHZ t0 30 MHzZ ... e 30
5.1 LY o= Y S 30
5.2 Radio-frequency ambient environment of atest site...........ooooiiiiiiiiin 30
5.3 Measurement distance and test volume ... 31
5.4 Set-up table and antenna poSitioner.... ..o 31
5.5 Validation procedure of test Site ... ..o 31
5.5.1 LY o= =Y 31
5.5.2 Normalized site insertion 10SS (NSIL) ....oouiiiiii e 35
5.5.3 Reference site method ... ... 35
5.5.4 ACCEPLANCE CIItEIION .uuieie e 36
6  Test sites for measurement of radio disturbance field strength for the frequency
range of 30 MHZ t0 1 000 MHz .. ..o e 36
6.1 LT a1 - PP 36
6.2 L@ 1 PP 36
6.2.1 LT a1 =Y PSP 36
6.2.2 Weather-protection enClOSUIe ..o 37
6.2.3 ObStruction-fre@ ar€a..........ooeiiiii i 37
6.2.4 Radio-frequency ambient environment of a test site....................... Documents

Document Sharing Hub

Full document details: CISPR 16-1-4-2023


http://avadocuments2026.com/doc/cispr-16-1-4-2023
http://avadocuments2026.com/doc/cispr-16-1-4-2023

CISPR 16-1-4:2019+AMD1:2020 -3-
+AMD2:2023 CSV © IEC 2023

6.2.5 GrouNd PlANE ... 39
6.3 Suitability of other test sites ... 39
6.3.1 Other ground-plane test Sites ... 39
6.3.2 Test sites without ground plane (FAR) ..o, 39
6.4 Test site validations ... 40
6.4.1 L= T = Y PSP 40
6.4.2 Overview of test site validations ... 40
6.5 Basic parameters of the NSA method for OATS and SAC..........ccoiiiiiiiiiiiieeen 41
6.5.1 General equation and table of theoretical NSA values.............ccccoeiiiiinnnnnn. 41
6.5.2 Antenna calibration ... 45
6.6 Reference site method for OATS and SAC ... 45
6.6.1 LT =Y o= = Y 45
6.6.2 Antennas not permitted for RSM measurements .............ccocoveiiiiiiiiieieennn. 46
6.6.3 Determination of the antenna pair reference site attenuation on a
= TP 46
6.6.4 Determination of the antenna pair reference site attenuation using an
averaging technique on alarge OATS.... .. 47
6.7 Validation of an OATS by the NSA method ..o, 50
6.7.1 Discrete frequency method ... 50
6.7.2 Swept frequency Method..........oiiiii 51
6.8 Validation of a weather-protection-enclosed OATS ora SAC ......cooiiiiiiiiiiiiiinennn, 52
6.9 Possible causes for exceeding site acceptability limits..........ccooooiiiiiinn, 54
6.10  Site validation for FARS ... 55
6.10.1 LT =Y o 1= = Y 55
6.10.2 RSM fOr FAR SIteS .ouuiiiiiiiii e 59
6.10.3 NSA method for FAR Sites ... 61
6.10.4 Site validation criteria for FAR Sites ... 63
6.11  Evaluation of set-up table and antenna tower.............ccocooiiiiiiiiiii i 63
6.11.1 LT =Y o 1= = Y 63
6.11.2 Evaluation procedure for set-up table influences...............coooiiiiiiiiinl, 64
7  Test sites for measurement of radio disturbance field strength for the frequency
range 1 GHz t0 18 GHz ... e 65
7.1 LT a1 =Y P 65
7.2 Reference test Site ... 66
7.3 Test Site Validation . ... 66
7.3.1 LT =Y o 1= = Y 66
7.3.2 Acceptance criterion for site validation..............oo 67
7.4 Antenna requirements for S\yg\yR standard test procedure.................ccccevvviiinnnnn. 67
7.4.1 LT =Y o 1= = Y 67
7.4.2 TransmMit @NteNNa . ..o 68
7.4.3 Antennas and test equipment for the S\ gyyR reciprocal test procedure ....... 70
7.5 Required positions for site validation testing ............c.cooiiiiii i 71
7.5.1 LT =Y o 1= = Y 71
7.5.2 Descriptions of S\ygyyRr measurement positions in a horizontal plane
(e LU= ) PP 71
7.5.3 Descriptions of SyygyyR additional measurement positions (Figure 24)......... 72
7.5.4 Summary of SyygywR measurement positions...................ooo, 73
7.6 SyswR site validation — standard test procedure ... 76
7.7 S site validation — reciprocal test procedure using an isotropic fiel
BTODG ot reoreoreee e e, S oo P Pacuments

Document Sharing Hub

Full document details: CISPR 16-1-4-2023


http://avadocuments2026.com/doc/cispr-16-1-4-2023
http://avadocuments2026.com/doc/cispr-16-1-4-2023

-4 - CISPR 16-1-4:2019+AMD1:2020
+AMD2:2023 CSV © IEC 2023

7.8 SyswR conditional measurement position requirements....................... 78
7.9 SySWR site validation test report...............cccviiiiiiiiiiiiii 79
7.10 Limitations of the S\/gyyR site validation method............................................ 79
711 Alternative test SIteS .o 80
8 Common mode absorption deVICES .......ccuiiiiiiiiiii e 80
8.1 LT a1 - PP 80
8.2 CMAD S-parameter MeasuUremMeENtS .......oouiiiiiiiiii e 80
8.3 L0311 N i (=] G 1o P 80
8.4 Measurement method using the TRL calibration............c.oooiiiiiii 81
8.5 Specification of ferrite clamp-type CMAD ... ..o, 83
8.6 CMAD performance (degradation) check using spectrum analyzer and
trACKING GENEIAtOr . . e e 84
9 Reverberating chamber for total radiated power measurement ... 86
9.1 General e e e
9.2 Chamber T T T T T T e

9.2.5 Couphing attenuation
10 TEM-cells waveguides for-immunity-te radiated disturbance measurements................... 89
Annex A (normative) Parameters of antennas .........coooiiiiiiiiiiiii 90
A1 L= o =T ¥ S 90
A.2 Preferred antennas ... 90
A.21 LT =Y o 1= = Y 90
A.2.2 Calculable antenna ... ... 90
A.2.3 Low-uncertainty antennas ........cco.ooiii i 90
A3 Simple dipole antennNas ... ... 91
A.3.1 LT a1 =Y PSP 91
A.3.2 TUNEd diPOle . 92
A.3.3 Shortened diPOle.. ..o 92
A4 Broadband antenna parameters ... ... 93
A4A1 LT =Y o 1= = Y 93
A.4.2 AN NN A Y PO o e 94
A4.3 Specification of the antenna............. 94
A4d4.4 Antenna calibration ... ..o 95
A4.5 Antenna user information ... 95
ANNEX B (XXX) (V00Id) ittt e e e 96
Annex C (normative) Large-loop antenna system for magnetic field induced-current
measurements in the frequency range of 9 kHz t0 30 MHz ... 97
CA1 LT a1 - PP 97
C.2 Construction of an LLAS ... 97
C.3 Construction of a large-loop antenna (LLA) ..o 97
C4 Validation of @an LLAS ..o e 102
C.5 Construction of the LLAS verification dipole antenna.................cooooiiiiiiiiiine. 105
C.6 CoNVErSiON faCTOrS ... 107
C.6.1 GBNEIAl. e 109
C.6.2 Current conversion factors for an LLAS with non-standard diametere........ 110
C.6.3 Conversion of LLAS measured current to magnetic field stre VHDOCUImentS

Document Sharing Hub

Full document details: CISPR 16-1-4-2023


http://avadocuments2026.com/doc/cispr-16-1-4-2023
http://avadocuments2026.com/doc/cispr-16-1-4-2023

CISPR 16-1-4:2019+AMD1:2020 -5-
+AMD2:2023 CSV © IEC 2023

C.7 E XA DI e 113
Annex D (normative) Construction details for open area test sites in the frequency
range of 30 MHz to 1 000 MHZ (S€€ ClausSe 6) ......ccuiiiiiiiiiiiieie e 115
D.1 L= a1 - Y PP 115
D.2 Ground plane conStruCHiON ... e 115
D.2A1 Material ... 115
D.2.2 ROUGNNESS et 115
D.3 Services 10 BUT Lo e 116
D.4 Weather-protection enclosure construction ...............cooiiiiiiiiiiiii i, 116
D.41 Materials and fasteners. ... ... 116
D.4.2 Internal arrangemeEntS . ... 117
D.4.3 SiZ it 117
D.4.4 Uniformity with time and weather ..., 117
D.5 Turntable and set-up table . ... 117
D.6 Receive antenna mast installation...............o 118
ANNEX E (XXX) (V00 oot e e aaas 119
Annex F (informative) Basis for + 4 dB site acceptability criterion (see Clause 6)............... 120
F.1 LT =Y o =T - ¥ 120
F.2 oY =Y =11V N 120
Annex G (informative) Examples of uncertainty budgets for site validation of a COMTS
using RSM with a calibrated antenna pair (S€€ 6.6) .......c.iieiiiiii i 122
GA1 Quantities to be considered for antenna pair reference site attenuation
calibration using the averaging technique ..., 122
G.2 Quantities to be considered for antenna pair reference site attenuation
calibration using @ REFTS ... o 123
G.3 Quantities to be considered for COMTS validation using an antenna pair
reference site attenuation ... 124
Annex H (informative) Definition of uncertainty in cross-polar response measurement....... 125
H.1 LT =Y o 1= = | PPN 125
H.2 Example uncertainty estimate ... 127
H.3 Rationale for the estimates of input quantities in Table H.1 and Table H.3 .......... 128
H.4 Measurement of XPR below 100 MHz at an OATS ..., 129
Annex | (informative) Measurement uncertainties of COMTS validation results in the
frequency range 9 KHz 10 30 MHz ... e 131
[.1 Quantities to be considered for COMTS validation using the NSIL method.......... 131
1.2 Quantities to be considered for COMTS validation using the RSM method .......... 133
Annex J (normative) Derivation of NSIL values in the frequency range 9 kHz to 30
VI Z o e 135
J.1 LY o =T Y 135
J.2 Magnetic field antenna factor ... ... 135
J.3 Site INSEITION [0SS L. e 137
J.4 Normalized site INSertion 10SS ... e 138
J.5 N ES 1 - o 1= PRSP 142
Annex K (informative) Recommendations for the design of test sites in the frequency
range 9 KHz t0 30 MHz ... o e 147
K.1 (7= 1Y = | 147
K.2 Dimensions and quality of the ground plane ... 147
K.3 ODbStruction fre@ area ......oouiei 148
K.4 ResSoNaNCe-fre@ area .......oouieiii Docdments

Document Sharing Hub

Full document details: CISPR 16-1-4-2023


http://avadocuments2026.com/doc/cispr-16-1-4-2023
http://avadocuments2026.com/doc/cispr-16-1-4-2023

-6- CISPR 16-1-4:2019+AMD1:2020
+AMD2:2023 CSV © IEC 2023

Annex L (informative) Accuracy of NSIL values in the frequency range of 9 kHz to 30

1Y P 150
L.1 L= 1o =Y PP 150
L.2 Cross check of NEC with analytic formulas ..o 150
L.3 Recommended NEC VEIrSiONS . ......ciuiiiiiii e 151
L.4 Instabilities at the lower frequency end ..........cooiiiiiiiiiii e 152
L.5 Extrapolation methods to solve instabilities.............ccooii 152
L.6 Reducing the number of segments to solve instabilities ............cc..coooin. 152

Annex M (informative) Example calculation for 10 m SACs that do not fulfil the +4 dB

criterion wWithin 9 KHZz 10 30 MHzZ......o e 153

Annex N (normative) Calibration of the sum of magnetic field antenna factors in the

frequency range of 9 KHZ t0 30 MHZ ... 156
N.1 L= 1o =Y PP 156
N.2 Calibration ProCEAUIE. .. .. e e e 156
N.3 Measurement UnCertainties .. .. ..o 157

BB OGr AP Y . 159

Figure 34 — Example of size-compliant loop antenna...........c.coiiiiiiiiiiiiii 21

Figure 1 — Schematic of radiation from EUT reaching an LPDA antenna directly and via
ground reflection at a 3 m site, showing the beamwidth half-angle, ¢,

= O TN oY T=Ton 1= Yo I = 24
Figure 2 — RX antenna E-plane radiation pattern example, with limit area shaded for 3

m distance and 2 m EUT Width ... 28
Figure 3 — Determination of maximum useable EUT width using half-power beamwidth ........ 29
Figure 4 — Determination of maximum useable EUT height using half-power beamwidth ....... 29
Figure 35 — General arrangement of the three measurement orientations Hy, Hy and

H,, where d is the measurement distance and 7 is the height of the reference point ............. 32
Figure 36 — ANtenna POSIIONS .. cu. it 33
Figure 37 — ANtenna POSIIONS .. cu. it 34
Figure 38 — Test set-up for V'p|RECT With power amplifier and attenuator ............................ 35
Figure 5 — Obstruction-free area of a test site with a turntable ...l 38
Figure 6 — Obstruction-free area with stationary EUT ..., 38
Figure 7 — Test point locations for 3 m and 10 m test distances .............coocoiiiiiiiinn, 47
Figure 8 — Paired test point locations for all test distances.........c...cooiiiii 49
Figure 9 — Example of paired test point selection for a test distance of 10 m......................... 49
Figure 10 — lllustration of an investigation of influence of antenna mast on ApApR.......cvvvvnnnn. 50
Figure 11 — Typical antenna positions for a weather-protected OATS or a SAC —

vertical polarization validation measurements ... 53
Figure 12 — Typical antenna positions for a weather-protected OATS or a SAC —

horizontal polarization validation measurements ........... .o 53
Figure 13 — Typical antenna positions for a weather-protected OATS or a SAC —

vertical polarization validation measurements for a smaller EUT ..., 54
Figure 14 — Typical antenna positions for a weather-protected OATS or a SAC —

horizontal polarization validation measurements fora smaller EUT ... 54
Figure 15 — Measurement positions for FAR site validation ............c...cooiii s 57
Figure 16 — Example of one measurement position and antenna tilt for FAR site

VAT ON e 59
Figure 17 — Typical quasi free-space test site reference SA measurement sct-up ....DQ.C.:.umentS

Document Sharing Hub

Full document details: CISPR 16-1-4-2023


http://avadocuments2026.com/doc/cispr-16-1-4-2023
http://avadocuments2026.com/doc/cispr-16-1-4-2023

CISPR 16-1-4:2019+AMD1:2020 -7-
+AMD2:2023 CSV © IEC 2023

Figure 18 — Theoretical free-space NSA as a function of frequency for different

measurement distances [see Equation (16)].......ccouiiiiiiiiiii i 63
Figure 19 — Position of the antenna relative to the edge above a rectangle set-up table

[eT I A= PPN 65
Figure 20 — Antenna position above the set-up table (side View).........cc.cooiviiiiiiiiiiiiinennss 65
Figure 21 — Transmit antenna E-plane radiation pattern example (this example is for
INFOrMAtiVe PUIPOSES ONIY) ittt e e e e e aas 69
Figure 22 — Transmit antenna H-plane radiation pattern (this example is for informative

(o]0 T eTeTST=T R o] ] 1Y PPN 70
Figure 23 — SyygywR measurement positions in a horizontal plane (see 7.5.2 for

(o= Ted T o1 ([0} o ) PRSP 71
Figure 24 — Sy gwR Positions (height requirements) ..............ccccccviiiiiiiiiiiiiii 73
Figure 25 — SyygyR conditional measurement position requirements ................................. 79
Figure 26 — Definition of the reference planes inside the test jig .......c..coooviiiiiiiiiii i, 81
Figure 27 — The four configurations for the TRL calibration............cooooiiii s 83
Figure 28 — Limits for the magnitude of §44, measured according to the provisions of

S o T < e PN 84
Figure 29 — Example of a 50 Q adaptor construction in the vertical flange of the jig.............. 85
Figure 30 — Example of a matching adaptor with balun or transformer ....................cooilL 85
Figure 31 — Example of a matching adaptor with resistive matching network......................... 86

Figure A.1 — Short dipole antenna factors for R. =50 Q... 93
Figure C.1 — The LLAS, consisting of three mutually perpendicular large-loop antennas....... 99
Figure C.2 — An LLA containing two opposite slits, positioned symmetrically with

respect to the current probe C ... 100
Figure C.3 — Construction of an LLA Slit.. ... 100
Figure C.4 — Example of an LLA slit construction using a strap of printed circuit board

to obtain a rigid CONSITUCTION ... ..o e e 101
Figure C.5 — Construction of the metal box containing the current probe............................. 101
Figure C.6 — Example showing the routing of several cables from an EUT to minimize
capacitive coupling from the leads to the LLAS ... e, 102
Figure C.7 — The eight positions of the LLAS verification dipole during validation

Lo ) = Yo N PP 103
Figure C.8 —\alidationfactorforanLLA-of 2 m-diameter Reference validation factors

for loops of 2 m, 3 M, and 4 M diamMEtErS ....ceuiiniiiii e 104
Figure C.9 — Construction of the LLAS verification dipole antenna ................................... 107

Figure C.10 — Sensitivity Sp of an LLA with diameter D relative to an LLA with 2 m

fo E=1 4 = (=] OO PPTPRT 110

Figure C.11 — Conversion factor Cyqp [for conversion into dB(uA/m)] for three standard

MeasuremMeNnt diSTANCES d ... 112

Figure D.1 — The Rayleigh criterion for roughness in the ground plane ...................coooeennl. 116

Figure J.1 — Investigation of wire radius, normalized to 0,001 m ................ o000 D OCUIBQGMS|

Document Sharing Hub

Full document details: CISPR 16-1-4-2023


http://avadocuments2026.com/doc/cispr-16-1-4-2023
http://avadocuments2026.com/doc/cispr-16-1-4-2023

-8- CISPR 16-1-4:2019+AMD1:2020
+AMD2:2023 CSV © IEC 2023

Figure J.2 — Investigation of feed point location (not to scale) ........cccoccoviiiiiiiiiiiiie, 140
Figure J.3 — Variation of NSIL values for various set-ups, for a distance
(oY BT T /T I T o o O 142
Figure J.4 — Specification of feed point location for tabular values (not to scale)................. 143
Figure J.5 — Calculation examples, loop diameter 60 cm, feed point location
DI FIGUIE J.d o e 145
Figure K.1 - Recommended minimum dimensions of the ground plane (top view)............... 147
Figure K.2 - Recommended obstruction free area (top VIeW) ........ccoviiiiiiiiiiiiiieen, 148
Figure L.1 — Comparison of NSIL values by analytic formulas and computer simulation ...... 151
Figure M.1 — Example site validation result.............ooi e 154
Figure M.2 — U|gp calculated from site validation result........................, 155
Figure M.3 — Frequency-dependent correction factor ............ccooiiiiiiiiiiiici e 155
Figure N.1 — Antenna arrangement for the sum of antenna factors method ......................... 157
Table 9 — Maximum freqQUENCY STEP SIZE ... 32
Table 10 — ACCEPIANCE CIItEIION ... e e 36
Table 1 — Site validation methods applicable for OATS, OATS-based, SAC, and FAR
LS =T 4V 0 1= PSP 40
Table 2 — Theoretical normalized site attenuation, 4\ — recommended geometries for
broadband antenNas@ (1 OF 2) .......uueiii i 43
Table 3 — Example template for AppR data sets ............ccciiii 46
Table 4 — RSM freqUENCY STEPS .uniiiiiiiiii e e e e e 46
Table 5 — Maximum dimensions of test volume versus test distance ................cooiinnn, 55
Table 6 — Frequency ranges and step sizes for FAR site validation........................... 59
Table 7 — SyygyR measurement position designations (1 0of 3).......................... 74
Table 8 — SyygyR reporting requirements ... 79
Table C.1 — Reference validation factors of Figure C.8 for loops of 2 m, 3 m, and 4 m
Lo L= T 4= =Y PP 105
Table C.2 — Sensitivity Sp of an LLA with diameter D relative to an LLA with 2 m
diameter (FIQUIE C.m0) ... e ettt e et et e e ea s 111
Table C.3 — Magnetic field strength conversion factor Cyp for three measurement
AISTANCES (FIGUIE Gt ) i e e et et e eaes 113
Table D.1 — Maximum roughness for 3 m, 10 m and 30 m measurement distances ............. 116
Table F.1 — Error DUAGeE. ... e e 120
Table G.1 — Antenna pair reference site attenuation calibration using the large-OATS
F= V=Y o= T T Yo T =Y o a1 oY Lo LU 1= S 122
Table G.2 — Antenna pair reference site attenuation calibration using REFTS ..................... 123
Table G.3 — COMTS validation using an antenna pair reference site attenuation................. 124
Table H.1 — Example uncertainty estimate for XPR measurement in a FAR and
assumed aypT =22 dB, aypR =34 dB ... 128
Table H.2 — Uncertainties depending on other values of AxpT (other assumptions as in
JLIE=T o LT I PP 129
Table H.3 — Example uncertainty estimate for XPR measurement at an OATS and
assumed aypT =22 dB, aypR =34 dB ..o 130
Table I.1 — Example measurement uncertainty budget for COMTS validation using the
N IS I 4 =1 o T 131
Documents

Document Sharing Hub

Full document details: CISPR 16-1-4-2023


http://avadocuments2026.com/doc/cispr-16-1-4-2023
http://avadocuments2026.com/doc/cispr-16-1-4-2023

CISPR 16-1-4:2019+AMD1:2020 -9-
+AMD2:2023 CSV © IEC 2023

Table 1.2 — Example measurement uncertainty budget for COMTS validation using the

LSV I 0 1= € o o PP 133
Table J.1 — Calculation examples (loop diameter 60 cm, d =3 m, 7=1,3mM)...cccooeiiiiiiian.. 145
Table J.2 — Calculation examples (loop diameter 60 cm, d =5m, A =1,3 mM)......cccooiiiiait. 145
Table J.3 — Calculation examples (loop diameter 60 cm, d =10m, 2 =1,3 m)..................... 146
Table K.1 — Skin depth for some practical materials at 9 kHz ... 148
Table L.1 — Recommended NEC implementations............cooeiiiiiiiiiiiiice e, 151
Table L.2 — Observed instabilifies ... 152
Table M.1 — Measurement uncertainty of radiated disturbance results

from 9 KHZ t0 30 MHzZ ..o e 153
Table M.2 — Influence of 64 ON Ujgp....cceeeeeeeeeeeiieie e 153
Table N.1 — Example of an uncertainty budget for sum of antenna factors method.............. 157

Documents

Document Sharing Hub

Full document details: CISPR 16-1-4-2023


http://avadocuments2026.com/doc/cispr-16-1-4-2023
http://avadocuments2026.com/doc/cispr-16-1-4-2023

-10 - CISPR 16-1-4:2019+AMD1:2020
+AMD2:2023 CSV © IEC 2023

INTERNATIONAL ELECTROTECHNICAL COMMISSION
INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

SPECIFICATION FOR RADIO DISTURBANCE AND
IMMUNITY MEASURING APPARATUS AND METHODS -

Part 1-4: Radio disturbance and immunity measuring apparatus —
Antennas and test sites for radiated disturbance measurements

FOREWORD

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

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

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

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

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

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

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

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

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

This consolidated version of the official IEC Standard and its amendment has been
prepared for user convenience.

CISPR 16-1-4 edition 4.2 contains the fourth edition (2019-01) [documents
CIS/A/1262/FDIS and CIS/A/1275/RVD], its amendment 1 (2020-06) [documents
CIS/A/1316/FDIS and CIS/A/1320/RVD] and its amendment 2 (2023-04) [documents
CIS/A/1389/FDIS and CIS/A/1393/RVD].

In this Redline version, a vertical line in the margin shows where the technical content
is modified by amendments 1 and 2. Additions are in green text, deletions are in
strikethrough red text. A separate Final version with all changes accepted is available

in this publication. Documents
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This edition constitutes a technical revision.

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

e provisions are added to address test site validation in the frequency range from 30 MHz to
1000 MHz using the reference site method, to take into account the receive antenna
radiation pattern in the frequency range from 1 GHz to 18 GHz, and further details on test
site validation using the NSA method with broadband antennas in the frequency range
from 30 MHz to 1 000 MHz.

International Standard CISPR 16-1-4 has been prepared by CISPR subcommittee A: Radio-
interference measurements and statistical methods.

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.

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

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

The committee has decided that the contents of the base publication and its amendments will
remain unchanged until the stability 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

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

e amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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SPECIFICATION FOR RADIO DISTURBANCE AND
IMMUNITY MEASURING APPARATUS AND METHODS -

Part 1-4: Radio disturbance and immunity measuring apparatus —
Antennas and test sites for radiated disturbance measurements

1 Scope

This part of CISPR 16 specifies the characteristics and performance of equipment for the
measurement of radiated disturbances in the frequency range 9 kHz to 18 GHz. Specifications
for antennas and test sites are included.

NOTE In accordance with IEC Guide 107, CISPR 16-1-4 is a basic EMC publication 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 cooperate with product
committees in the evaluation of the value of particular EMC tests for specific products.

The requirements of this publication apply at all frequencies and for all levels of radiated
disturbances within the CISPR indicating range of the measuring equipment.

Methods of measurement are covered in Part 2-3, further information on radio disturbance is
given in Part 3, and uncertainties, statistics and limit modelling are covered in Part 4 of
CISPR 16.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

CISPR 16-1-1:2019, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 1-1: Radio disturbance and immunity measuring apparatus — Measuring
apparatus

CISPR 16-1-5:2014, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 1-5: Radio disturbance and immunity measuring apparatus — Antenna
calibration sites and reference test sites for 5 MHz to 18 GHz

CISPR 16-1-5:2014/AMD1:2016

CISPR 16-1-6:2014, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 1-6: Radio disturbance and immunity measuring apparatus — EMC
antenna calibration
CISPR 16-1-6:2014/AMD1:2017

| CISPR 16-1-6:2014/AMD2:2022

CISPR 16-2-3:2016, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 2-3: Methods of measurement of disturbances and immunity — Radiated
disturbance measurements

CISPR 16-2-3:2016/AMD1:2019

CISPR 16-2-3:2016/AMD2:20—

CISPR TR 16-3, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 3: CISPR technical reports Documents
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CISPR 16-4-2, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 4-2: Uncertainties, statistics and Ilimit modelling - Measurement
instrumentation uncertainty

IEC 60050-161, International Electrotechnical Vocabulary. Chapter 161: Electromagnetic
compatibility

IEC 61000-4-20, Electromagnetic compatibility (EMC) — Part 4-20: Testing and measurement
techniques — Emission and immunity testing in transverse electromagnetic (TEM) waveguides

IEC 61000-4-21, Electromagnetic compatibility (EMC) — Part 4-21: Testing and measurement
techniques — Reverberation chamber test methods

3 Terms, definitions and abbreviated terms

For the purposes of this document, the terms, definitions and abbreviated terms given in
CISPR 16-1-1, CISPR 16-1-5, IEC 60050-161 and the following apply.

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

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

e |SO Online browsing platform: available at http://www.iso.org/obp
3.1 Terms and definitions

3.1.1

antenna

transducer that converts the guided electromagnetic energy of the feed line into a radiated
wave in space and vice versa

Note 1 to entry: In the context of this document, for antennas for which a balun is intrinsic to the functioning of the
antenna, the term “antenna” includes the balun.

3.1.2

antenna factor

AF

Fa

ratio of the electric field strength of a plane wave incident from the direction corresponding to
the mechanical boresight (i.e. the main axis of the antenna) to the voltage induced across a
specified load connected to the antenna, measured in a free-space environment

Note 1 to entry: The abbreviation AF is used as a general term to denote antenna factor, whereas F, denotes the
boresight AF in free-space. AF is affected by the load impedance (typically 50 Q) connected to the antenna, and is
frequency dependent. For a biconical antenna this impedance could be up to 200 Q. For antennas with no balun
the impedance is equal to the load impedance, typically 50 Q. AF can be affected by mutual coupling of the
antenna to the ground plane, and is directivity dependent. For more details see the definitions and 4.2 in CISPR
16-1-6:2014.

Note 2 to entry: The AF has the physical dimension of m™' and measured data are normally expressed in dB
relative to 1/m [dB(m™")]. In radiated disturbance measurements, if F, is known, the strength of an incident field, E,
can be estimated from a reading, ¥, of a measuring receiver connected to the antenna as follows:

E=V+F,

where E is in dB(uV/m), Vis in dB(uV) and F is in dB(m-").
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3.1.3

antenna pair reference site attenuation

ApPr

set-of 30 MHz to 1 GHz site attenuation-measurementresults for both vertical and horizontal
polarizations using a pair of antennas separated by a-defined specified distance at an ideal
open-area test site, with one antenna at a specified fixed height above the ground plane, and
the other antenna scanned over a specified height range in which the minimum insertion loss
is recorded

Note 1 to entry: While ideal 4
or at a large OATS (see 6.6.4), and the measured values are used as a reference for comparing corresponding site
attenuation measurement results at a COMTS as well as for determining the suitability of an OATS for use in the
reference site method (RSM).

is based on an ideal site, actual 4 is also measured at a REFTS (see 6.6.3),

APR APR

Note 2 to entry: Because 4, is defined in terms of an ideal OATS, the difference between the actual OATS and
an ideal OATS is treated as an uncertainty contribution.

3.1.4
antenna reference point
midpoint of an antenna from which the distance to the EUT or second antenna is measured

Note 1 to entry: The antenna reference point is either defined by the manufacturer using a marker on LPDA
antennas or by the calibration laboratory.

3.1.5

balun

device for transforming an unbalanced transmission line to a balanced transmission line and
vice versa

Note 1 to entry: A balun is used, for example, to couple balanced antenna elements to an unbalanced feed line,
such as a coaxial cable. A balun may exhibit inherent impedance transformation differing from unity.

3.1.6

calibration test site

CALTS

open area test site with metallic ground plane and tightly specified site attenuation
performance in horizontal electric field polarization

Note 1 to entry: A CALTS is used for determining the free-space antenna factor of an antenna.

3.1.7

common mode absorption device

CMAD

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

3.1.8

compliance test site

COMTS

environment that assures valid, reproducible measurement results of the disturbance field
strength from equipment under test for comparison to a compliance limit

3.1.9

cross-polar response

XPR

measure of the rejection by the antenna of the cross-polarized field, when the antenna is

rotated in a linearly polarized electromagnetic field that is uniform in phase an lit

over the aperture of the antenna under test (Ugguments
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3.1.10

EUT volume

cylinder defined by EUT boundary diameter and height that fully encompasses all portions of
the actual EUT, including cable racks and 1,6 m of cable length (30 MHz to 1 GHz) and 0,3 m
of cable length (1 GHz and above)

Note 1 to entry: The test volume is one of several criteria limiting the EUT volume (see CISPR 16-2-3).

Note 2 to entry: The EUT volume has a diameter D (boundary diameter) and height 4.

3.1.11

fully-anechoic room

FAR

an enclosure, the six internal surfaces of which are lined with radio-frequency-energy
absorbing material (i.e. RF absorber) that attenuates electromagnetic energy in the frequency
range of interest

Note 1 to entry: For general radiated disturbance measurement purposes, a FAR should be constructed inside a
shielded enclosure.

3.1.12

hybrid antenna

antenna consisting of a wire-element log-periodic dipole array (LPDA) section and a
broadband dipole section

Note 1 to entry: The longest element of the LPDA section is typically resonant at approximately 200 MHz, and the
boom is lengthened at the open-circuit end to feed the connected broadband dipole (e.g. biconical or bowtie)
section. Over the range 30 MHz to 200 MHz, the broadband dipole exhibits a performance similar to a biconical
antenna, notably in the variation of height-dependent antenna factor.

Note 2 to entry: A common-mode choke is typically used at the open-circuit (i.e. rear) end of the boom to
minimize parasitic (unintended) RF currents on the outer conductor of the coaxial cable flowing into the measuring
receiver.

3.1.13

ideal open-area test site

open-area test site having a perfectly flat, perfectly conducting ground plane of infinite area,
and with no reflecting objects except the ground plane

Note 1 to entry:  An ideal OATS is a theoretical construct that is used in the definition of the measurands 4,pg,
A, prs @nd in the calculation of the-theeretical normalized site attenuation 4, and normalized site insertion loss A
for ground plane sites.

3.1.14

insertion loss

loss arising from the insertion of a device into a transmission line, expressed as the ratio of
voltages immediately before and after the point of insertion of a device under test, before and
after the insertion

Note 1 to entry: Insertion loss is equal to the inverse of the transmission S-parameter, i.e. |[1/S,,]|.

3.1.15

low-uncertainty antenna

robust biconical or LPDA antenna that meets the balance and XPR requirements of this
document, and whose antenna factor has an uncertainty of less than 0,5 dB, used for the
measurement of electric field strength at a defined point in space

Note 1 to entry: Low-uncertainty antennas are further described in A.2.3.

3.1.16

mechanical boresight

boresight direction

boresight

direction of the main beam, which is defined by the geometric properties of the antdd@acuments
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Note 1 to entry: For EMC antennas the direction of the main beam is usually: a) coincident with the direction in
line with the mechanical longitudinal axis of LPDA antennas; b) orthogonal to the elements of monopole, dipole,

and biconical antennas; and c) orthogonal to the front aperture of horn antennas. In each of these cases, the
orthogonal line is coincident with the centre of the antenna.

3.1.17

null

minimum in signal level resulting from the vector sum of the direct and ground-reflected
signals at the receive antenna and with the level being considerably lower than the in-phase
sum of these signals

Note 1 to entry: The depth of a null is measured from the in-phase sum of the direct and ground reflected signals.
A null in the received signal occurs when the antennas are above a ground plane at heights such that the direct
and ground reflected signals are in anti-phase, which can result in large uncertainty in the measurement of field
strength. A null extends from 90° to 180° out of phase. At 90° the null depth is approximately 6 dB. The depth is
compared to the nearest adjacent maximum signal in the swept frequency response (or height scan of one antenna
at a fixed frequency).

Note 2 to entry: The dip in signal level on boresight for some DRH antennas is sometimes referred to as a null.
This definition does not apply to such dips.

Note 3 to entry: IEC 60050-726:1982, 726-02-07 defines standing-wave minimum, with synonym node (of a
standing wave), as the location in a propagation medium where the vectorial sum of a specified field quantity of two
waves creating a standing wave is a minimum.

3.1.18

quasi free-space test site

facility for radiated disturbance measurements that is intended to achieve free-space
conditions

Note 1 to entry: Unwanted reflections from the surroundings are kept to a minimum, to satisfy the site acceptance
criterion applicable to the radiated disturbance measurement procedure being considered.

3.1.19

reference test site

REFTS

open-area test site with metallic ground plane and tightly specified site attenuation
performance in horizontal and vertical electric field polarizations

Note 1 to entry: Site attenuation measurements of a REFTS are used for comparison to corresponding site
attenuation measurements of a compliance test site, in order to evaluate the performance of the compliance test
site.

3.1.20
reflection coefficient
ratio of a common quantity to both the reflected and incident travelling waves

Note 1 to entry: Hence, the voltage reflection coefficient is defined as the ratio of the complex voltage of the
reflected wave to the complex voltage of the incident wave. The voltage reflection coefficient is equal to the
scattering parameter S ,.

3.1.21

resonant dipole antenna

tuned dipole antenna

antenna consisting of two straight collinear conductors of equal length, placed end to end,
separated by a small gap constituting a balanced feed, with each conductor approximately a
quarter-wavelength long such that at the specified frequency the input impedance of the wire
antenna measured across the gap has zero reactance when the dipole is located in the free
space

3.1.22

scattering parameters

S-parameters

set of four parameters used to describe the properties of a two-port network inserted into a

transmission line Documents
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3.1.23

semi-anechoic chamber

SAC

shielded enclosure, in which five of the six internal surfaces are lined with radio-frequency
absorbing material that attenuates electromagnetic energy (i.e. RF absorber) in the frequency
range of interest, and the bottom horizontal surface is a conducting ground plane for use with
OATS test set-ups

3.1.24

short-open-load-through calibration method
SOLT

through-open-short-match calibration method
TOSM

calibration method for a vector network analyzer using three known impedance standards —
short, open, and match/load, and a single transmission standard — through

Note 1 to entry: The SOLT method is widely used, and the necessary calibration kits with 50 Q characteristic
impedance components are commonly available. A full two-port error model includes six error terms for each of the
forward and reverse directions, for a total of twelve separate error terms, and requires twelve reference
measurements to perform the calibration.

3.1.25

site attenuation

SA

AS

minimum site insertion loss measured between two polarization-matched antennas located at
a test site when one antenna is moved vertically over a specified height range and the other is
set at a fixed height

Note 1 to entry: The terms site insertion loss (see 3.1.26) and site attenuation describe essentially the same
measurement, however the term site attenuation (SA) is used in the context of finding the minimum site insertion
loss (SIL) between a pair of antennas when one antenna is scanned in height above a ground plane.

3.1.26

site insertion loss
SIL

4;
transmission loss between two polarization-matched antennas when a direct electrical
connection between the signal generator output and the measuring receiver input is replaced

by a transmit antenna and a receive antenna placed at specified positions at a test site

Note 1 to entry: With loop antennas, the locations of their feed points shall be as specified in this document.

3.1.27
test volume
validated volume within a test facility in which an EUT may be positioned

Note 1 to entry: Validation procedures in this document are used to determine the test volume.

Note 2 to entry: The test volume as defined in this document is cylindrical in shape. Different test volume shapes
have been defined in other documents, e.g. in cubic form in IEC 61000-4-20 [22] (TEM waveguides).

3.1.28

through-reflect-line (TRL) calibration

calibration method for a vector network analyzer using three known impedance standards
“through”, “reflect,” and “line” for the internal or external calibration of the VNA

Note 1 to entry: Four reference measurements are needed for this calibration.
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vector network analyzer
VNA
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network analyzer capable of measuring complex values of the four S-parameters S;4, Sy, So1,

S22
3.1.30

A p

3.1.31

antenna is placed at this location.

3.2 Abbreviated terms

antenna pair reference site insertion loss

feed point (of a shielded loop antenna)
location of the slit in the shielding of the loop antenna

R
9 kHz to 30 MHz site insertion loss for three orientations using a pair of antennas separated
by a specified distance at an ideal open-area test site, with both antennas at a specified fixed
height above the ground plane and with specified feed point locations

Note 1 to entry: While ideal 4, . is based on an ideal site, actual 4, is measured at a REFTS (see 5.5.3) and
the measured values are used as a reference for comparing corresponding site insertion loss measurement results
at a REFTS to evaluate the performance of the COMTS.

Note 2 to entry: Because 4,  is defined in terms of an ideal OATS, the difference between the actual OATS and
an ideal OATS is treated as an uncertainty contribution.

Note 1 to entry: The feed point of a shielded loop antenna is important for a correct set-up. The location of the
feed point has an influence on the site insertion loss between two magnetic field antennas [33].

Note 2 to entry: For simulation using NEC [27], the source of the transmit antenna and the load of the receive

The following are abbreviations used in this document that are not already given in 3.1.

AUT
DANL
DRH
EUT

FSOATS

HP

LLA

LLAS

LPDA

NSA

NSIL

OATS
PDF
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antenna under test
displayed average noise level
double ridged horn

equipment under test
free-space OATS

horizontal polarization
large-loop antenna
large-loop antenna system
log-periodic dipole array
normalized site attenuation
normalized site insertion loss

open-area test site

probability density function
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RF radio frequency

RSM reference site method

RX receive

SyswR site voltage standing wave ratio
TX transmit

VP vertical polarization

VSWR voltage standing wave ratio

XP cross polarization

4 Antennas for measurement of radiated radio disturbance

4.1 General

Antennas of the type that are used for radiated disturbance measurements, having been
calibrated, shall be used to measure the field strength, taking into account their radiation
patterns and mutual coupling with their surroundings. The antenna and the circuits inserted
between it and the measuring receiver shall not appreciably affect the overall characteristics
of the measuring receiver. When the antenna is connected to the measuring receiver, the
measuring system shall comply with the bandwidth requirements of CISPR 16-1-1 appropriate
to the frequency band concerned.

The antenna shall be linearly polarized. It shall be orientable so that all polarizations of
incident radiation can be measured. The height of the centre of the antenna above ground or
above the absorber in a FAR may have to be adjustable according to a specific measurement
procedure.

The accuracy of field-strength measurement of a uniform field of a sine-wave signal shall be
better than £+ 3 dB when an antenna meeting the requirements of this subclause is used with a
measuring receiver meeting the requirements of CISPR 16-1-1.

NOTE This requirement does not include the effect due to a test site.

For additional information about the parameters of broadband antennas, see Annex A.

4.2 Physical parameter (measurand) for radiated disturbance measurements

The physical parameter for radiated disturbance measurements made against a disturbance
limit expressed in volts per metre is electric field strength measured at a defined point in
space relative to the position of the equipment under test (EUT). More specifically, for
measurements in the frequency range 30 MHz to 1 000 MHz on an OATS or in a SAC, the
measurand is the maximum field strength as a function of horizontal and vertical polarization
and at heights between 1 m and 4 m, and at a horizontal distance of 10 m from the EUT, while
the EUT is rotated over all angles in the azimuth plane.

4.3 Antennas for the frequency range 9 kHz to 150 kHz
4.3.1 General

Experience has shown that, in this frequency range, it is the magnetic field component that is
primarily responsible for observed instances of interference.
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4.3.2 Magnetic field antenna

4.3.2.1 General

A shielded loop antenna of dimensions such that the loop antenna can be completely
enclosed by a square having sides of 60 cm in length shall be used. The shielding, but not the
electronic unit including mechanical mounting features and connected cables, shall be taken
into account when applying the size criterion; see Figure 34.

For site validation as per 5.5, the loop antenna shall have a single turn.

NOTE 1 Derivation of NSIL values as described in Annex J, is less complicated and more accurate for single-turn
loops.

The unit of magnetic field strength is uA/m. In logarithmic units H is in dB(pnA/m), or 20 times
| the log of the measured field strength—level. The associated disturbance limit shall be
expressed in the same units.

NOTE 2 Direct measurements can be made of the strength of the magnetic component, in dB(nA/m) or pA/m, of a
radlated fleld under aII condltlons that is, both in the near fleld and in the far fleld [32] —Hewever—many—ﬁem

The reference point of the shielded loop antenna is specified as the centre point of the circle
or rectangle formed by the loop, ignoring any attached balun or mechanical mounting feature.

The magnetic field antenna shall be calibrated according to CISPR 16-1-6 for determination of
the magnetic field antenna factor. The magnetic field antenna factor is required for site
validation as per 5.5, and also for radiated disturbance measurements as per CISPR 16-2-3.
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60 cm square

l\/ Shield

Electronic unit
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NOTE This example illustrates the maximum diameter circular-shaped loop antenna that still complies with the
size criterion.

Figure 34 — Example of size-compliant loop antenna

4.3.2.2 Considerations on active antennas

In principle, an active antenna can be seen as a passive antenna with a preamplifier.
CISPR 16-1-1:2019, Annex J describes the problems that can arise when preamplifiers are
used. Especially when pulsed signals are measured, a larger dynamic range is required.

When using active antennas, it is recommended to use those types that are equipped with an
overload indicator. In this case, the indicator shall be observed such that any overload
condition is detected, and actions are taken to correct it.

Alternatively, the output voltage of the antenna shall be checked simultaneously with an
oscilloscope by using a tee connector to split the receive cable. This tee connector shall be
connected directly to the input of an oscilloscope and the second output to the receiver via a
cable. The oscilloscope shall be set to high input impedance to minimise any influence on the
measurement result. The trigger point of the oscilloscope shall be set to a voltage that
corresponds to the 1 dB compression point of the active antenna. The measurement is
assumed to be valid if no trigger event occurs during the entire measurement.

NOTE The influence of the input impedance of the oscilloscope to the measurement result is negligible. For 1 MQ
in parallel with 20 pF, the error is less than 0,04 dB.

A resistive power divider may be used instead of a tee connector. In this case the input
impedance of the oscilloscope shall be set to 50 Q. The noise floor of the system might be
increased by the insertion of 6 dB loss between antenna and receiver. The loss through the
power divider shall be accounted for when determining the measured magnetic field strength
level (i.e. added to the level measured by the receiver).

The highest measurable field strength is usually given in the datasheet of the antenna, which
shall be checked to ensure that it is valid for the entire measurement frequency range.

The ratio between the peak value of the field strength and power of the fundamental
frequency depends on the type of disturbance. For pulse-width modulated signals especially,
this value can reach 30 dB or more; see [26]. When considering overload, the peak value of a
disturbance signal shall be taken into consideration.
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Use of an active antenna might not be necessary at measurement distances of 3 m or 5 m.
Passive antennas can be suitable to provide a sufficient signal-to-noise ratio.

4.3.3 Shielding of loop antenna

Inadequate shielding of a loop antenna can result in electric field response. The electric field
discrimination of the antenna shall be evaluated by rotating the antenna in a uniform field,
such that the plane of the loop remains parallel to the electric field vector. When the plane of
the loop antenna is perpendicular to the magnetic flux and then the antenna is rotated so that
its plane is parallel to the magnetic flux, the measured response shall decrease by at least
20 dB.

4.4 Antennas for the frequency range 150 kHz to 30 MHz
4.41 Electric field antenna

For the measurement of the electric component of the radiation, either a balanced or an
unbalanced antenna may be used. If an unbalanced antenna is used, the measurement will
refer only to the effect of the electric field on a monopole (rod) antenna. The type of antenna
used shall be stated with the results of the measurements.

Information pertaining to calculating the performance characteristics of a monopole (rod)
antenna and the characterization of its matching network is specified in CISPR 16-1-6. CISPR
16-1-6 states that the antenna factor derived by the Equivalent Capacitance Substitution
Method (ECSM) has greater uncertainties for monopole lengths greater than one-eighth of a
wavelength.

The unit of electric field strength shall be pV/m. In logarithmic units, £ shall be expressed
in dB(uV/m), or 20 times the logarithm of the measured field strength level. The associated
disturbance limit shall be expressed in the same units.

4.4.2 Magnetic field antenna

For the measurement of the magnetic component of the radiation, an electrically-screened
loop antenna, as described in 4.3.2 shall be used.

NOTE Tuned electrically balanced loop antennas can be used to make measurements of magnetic field strengths
as low as -51,5 dB(pA/m) using QP detection in the frequency range 1,6 MHz to 30 MHz, i.e. lower than with
untuned electrically-screened loop antennas where the noise level is approximately 25 dB higher.

4.4.3 Balance and electric field discrimination of antennas

If a balanced electric field antenna is used, it shall comply with the requirement of 4.5.4. If a
balanced magnetic field antenna is used, it shall comply with the requirement of 4.3.3.

4.5 Antennas for the frequency range 30 MHz to 1 000 MHz
4.5.1 General

In this frequency range, the measurements are of the electric field strength, so magnetic field
antennas are not included. The antenna shall be a dipole-like antenna designed to measure
the electric field strength, and the free-space antenna factor shall be used. The antenna types
include:

— tuned dipole antennas, whose element pairs are either straight rods or conical in shape;

— dipole arrays such as the log-periodic dipole array (LPDA) antennas, comprising a series
of staggered sets of straight rod elements;

— hybrid antennas.
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4.5.2 Low-uncertainty antenna for use if there is an alleged non-compliance to the
electric disturbance field strength limit

For lower measurement uncertainty, the value of electric field strength measured by a typical
biconical antenna or LPDA antenna is preferred, in particular over hybrid antennas. Typical
biconical and LPDA antennas are defined in Annex A, and only calibrated antennas shall be
used.

NOTE 1 Improved uncertainties are achieved by using a biconical antenna over the frequency range 30 MHz to
250 MHz and an LPDA antenna over the range 250 MHz to 1 GHz. Alternatively, a change-over frequency of
200 MHz can be used, but uncertainties due to phase centre variations of the LPDA will be higher.

NOTE 2 The measurement uncertainty of radiated disturbance from an EUT depends on many different influence
factors such as the quality of the site, antenna factor uncertainty, antenna type, and the measuring receiver
characteristics. The reason for defining low-uncertainty antennas is to limit other antenna influences on the
measurement uncertainty, such as the effect of mutual coupling with a ground plane, the radiation pattern with
respect to height scanning, and the variable phase centre position. Verification of effects of these influences is
accomplished by a comparison of the readings of the two antennas at the selected change-over frequency, which
should give the same value of electric field strength within a margin of + 1 dB.

4.5.3 Antenna characteristics

Given that the sensitivity of the simple dipole antenna is low in the frequency range 300 MHz
to 1000 MHz, a more complex antenna may be used. Such an antenna shall have
characteristics as follows:

a) The antenna shall be linearly polarized, which shall be evaluated by applying the cross-
polarization test procedure of 4.5.5.

b) Balanced dipole antennas, such as tuned-dipole and biconical antennas, shall have
validated balun performance, which shall be evaluated by applying the balance test
procedure of 4.5.4. This requirement also applies to hybrid antennas below 200 MHz.

c) The return loss of the antenna with the antenna feeder connected shall not be less than
10 dB. A matching attenuator may be part of the antenna feeder cable for antennas if
needed to meet this requirement.

d) An antenna factor (AF) shall be given making it possible to fulfil the accuracy requirements
of 4.1.

Accounting for the antenna directivity: a test site with a conducting ground plane is assumed
for the following antenna characteristic description. The amplitude of the received signal will
be reduced if either or both the direct and ground-reflected signals from the EUT to the
antenna are not entering the main lobe of the radiation pattern of the antenna at its peak. The
peak is usually in the boresight direction of the antenna. This reduction in amplitude is taken
to be an error in the radiated disturbance measurement result; the ensuing uncertainty
tolerance is based on the beamwidth, 2¢ (see Figure 1).

Conditions for ensuring that this error is no larger than + 1 dB are given in item 1) fora 10 m
site, and in item 2) for a 3 m site. Alternatively, a condition based on antenna gain is given
in item 3), in lieu of the rigorous radiation pattern conditions.

Radiated disturbance measurements are performed with the antenna horizontally and
vertically polarized in turn. If it is chosen to measure the radiation patterns in only one plane,
the narrower beamwidth pattern results shall be used, and with the condition that the pattern
of the antenna shall be verified in the horizontal plane while orienting it for horizontal
polarization.
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NOTE Parameters are defined in Equation (4).

Figure 1 — Schematic of radiation from EUT reaching an LPDA antenna
directly and via ground reflection at a 3 m site,
showing the beamwidth half-angle, ¢, at the reflected ray

1) For a 10 m OATS or SAC, the antenna response in the direction of the direct ray
differs negligibly from the boresight amplitude when the antenna is aligned such that
its boresight direction is parallel to the ground plane. The directivity component of the
uncertainty in the disturbance measurement can be kept to less than +1 dB if the
antenna response in the direction of the reflected ray is no more than 2 dB lower than
the antenna boresight response. To ensure this condition, the total vertical beamwidth
2¢ of the measurement antenna, within which the antenna gain is within 2 dB of its
maximum, shall be such that:

o> tan_1 M

3)

2) For sites with less than 10 m separation, typically 3 m, the total vertical beamwidth 2¢
of the measurement antenna, within which the antenna gain is within 1 dB of its
maximum, shall be such that:

A+ h A —h
20>tan 12 | _|ggn 1 T2 4
@ ( r, p (4)
where
ho is the height of the equipment under test;
hy is the measurement antenna height;
d is the horizontal distance between the phase centre of the measurement

antenna and the device under test.

Antenna down-tilting can reduce the associated uncertainties; if that is not employed,
the reduction in received signal shall be calculated from the radiation patterns and
applied as a correction with associated directivity uncertainties. Example uncertainty
budgets are given in CISPR 16-4-2.

NOTE 1 Assuming an E-plane radiation pattern normalized to unity on boresight (i.e. peak of the

mainlobe) record the electric field at the angles of declination from the antenna for the direct ray, Ej, and
reflected ray, Eg. The error, compared to an electric field of unity magnitude for each of the direct and

reflected rays, is given in decibels by 20 Ig [2/(E + ER)]. Documents
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NOTE 2 The reduction in signal strength caused by reduced directivity at angles off antenna boresight is
a systematic error and therefore can be corrected. If a correction is applied, from knowledge of the

radiation patterns at each frequency and polarization, the uncertainty of field-strength measurement can
be reduced accordingly.

3) For the broad beamwidth antenna types typically used for radiated disturbance
measurements, such as biconical, LPDA, and hybrid antennas, the beamwidth is
inversely related to the antenna directivity. An alternative to the criterion based on
beamwidths in items 1) and 2) is to specify the maximum gain of an antenna, then refer
to generic uncertainty tolerances for the directivity component in the uncertainty
budget for the disturbance measurement results. The generic uncertainties, based on
the narrowest beamwidths in the frequency range used for a specific antenna, are
given in CISPR 16-4-2. The maximum isotropic antenna gain for biconical antennas
shall be 2 dB, and shall be 8 dB for LPDA and hybrid antennas. For V-type LPDA
antennas, whose H-plane beamwidth is equal to the E-plane beamwidth, the maximum
permitted isotropic gain shall be 9 dB.

4.5.4 Balance of antenna
4.5.41 General

In radiated disturbance measurements, common-mode (CM) currents can be present on the
cable attached to the receive antenna (antenna cable). In turn, these CM currents create
electromagnetic fields that can be picked up by the receive antenna if the balun is not
perfectly balanced. Consequently, the radiated disturbance measurement results can be
influenced.

The major contributions to the antenna cable CM currents are caused by:

a) the electric field strength to be measured, if it has a component parallel to the antenna
cable, and

b) the conversion of the differential mode (DM) antenna signal (the desired signal) into a CM
signal by the imperfection of the balun of the receive antenna.

In general, LPDA antennas do not exhibit significant DM/CM (DM to CM) conversion.
Therefore the following check applies for dipole and biconical antennas over their entire
operating frequency range, and to hybrid antennas over the frequency range of the broadband
dipole section (in most cases 30 MHz to 200 MHz).

4.5.4.2 Balun DM/CM conversion check

The following method describes the measurement of two voltages 7, and V,. The ratio of
these voltages, both expressed in identical units, e.g. yV, is a measure of the DM/CM
conversion (also known as the balun imbalance, balun symmetry, or antenna symmetry).

a) Set the receive AUT vertically polarized with its centre at a height of 1,0 m above the
ground plane of an OATS or SAC. The tip of the antenna shall be at least 0,25 m above
the ground plane. Extend a 1,5 m + 0,1 m length of the antenna cable horizontally behind
the rear active element of the receive antenna at a height of 1,0 m above the ground
plane, and then allow it to drop vertically to the ground plane.

b) For a standard characterization of the receive antenna imbalance, place a second
(transmit) antenna vertically polarized at a horizontal distance of 10 m from the centre of
the AUT. The centre of the transmit antenna shall be at a height of 1,0 m above the
ground plane, and its tip shall be at least 0,25 m above the ground plane. The transmit
antenna shall be linearly polarized, and have a cross-polar rejection greater than 20 dB
over the frequency range of the balun test. For the frequency range above 200 MHz,
transmit antenna height variation shall be used to avoid nulls in the SIL response.
Measurements at shorter distances (e.g. 3 m and 5 m) may be made to determine the
uncertainty contribution of balun imbalance at these distances.

c) Connect the transmit antenna to a signal source (for example, a tracking generator or the
source output of a network analyzer). Next, set the output level of that signal.source so
that over the frequency range of interest, and for both vertical orientations of tHe G¥eddiRIents
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the signal-to-ambient noise ratio at the receiver is 34 dB (17 dB for average detection) or
more.

d) Record the voltage V', at the receiver over the frequency range of interest.

e) Invert the receive antenna (i.e. rotate that antenna through 180°) without changing
anything else in the set-up, in particular the receive antenna cable, and without changing
the setting of the signal source.

f) Record the voltage 7, at the receiver over the frequency range of interest.
g) The DM/CM conversion is sufficiently low if |20 Ig (74/75)] < 1 dB.

NOTE 1 For the purpose of radiated disturbance measurements, if the DM/CM conversion criterion is not met,
ferrite rings around the antenna cable can reduce the DM/CM conversion. The EMC test laboratory can repeat the
test with four ferrite rings spaced approximately 20 cm apart; the first placed within 10 cm of the input to the balun.
If the criterion is met by using these ferrite rings, then the ferrite rings also apply in the actual disturbance
measurements. Likewise, the interaction with the cable can be reduced by extending the cable several metres
horizontally behind the antenna before dropping to the ground plane.

NOTE 2 If the receive antenna is used in a FAR, the DM/CM check can be performed in that FAR, with the receive
antenna at its usual location and the transmit antenna at least 3 m away. The antennas are best positioned
centrally in the room with a clearance behind the antennas of at least 1 m between the vertical portion of cable and
the tips of the absorbers.

NOTE 3 The measuring site and its conducting ground plane (OATS or SAC), or the FAR, are assumed to comply
with the respective site validation requirements.

NOTE 4 The horizontal distance of 1,5 m over which the antenna cable runs horizontally behind the centre of the
antenna is understood as kept as the minimum distance allowed during the actual vertically polarized radiated
disturbance measurements.

NOTE 5 In general it is not necessary to strictly define a test set-up, because the imbalance effect is dominated
by the interaction of the antenna and that part of the antenna cable that lies parallel to the antenna elements. Also
there is a much smaller effect that is dependent on the uniformity of the field incident on the receive antenna in
normal EMC measurement set-ups at an OATS or in a FAR.

NOTE 6 For baluns that have the receive cable connector mounted on the side (90° to the antenna boom), a right
angle connector can be used to reduce the movement of the cable.

NOTE 7 The uncertainty of the balun DM/CM measurement result will be caused only by any nonlinearity of the
receiver, because everything else remains unchanged during the 7, and ¥, measurements. A nonlinearity of less
than 0,1 dB within the + 1 dB range from the reference indication 7, is good enough to meet the 1 dB criterion.

4.5.5 Cross-polar response of antenna

When an antenna is placed in a linearly-polarized electromagnetic field, the terminal voltage
when the antenna and field are cross-polarized shall be at least 20 dB below the terminal
voltage when they are co-polarized. This requirement applies over the entire frequency range
of 30 MHz to 18 GHz. In practice, this requirement is not satisfied by some types of LPDA
antennas for which the two halves of each dipole are in echelon, which intrinsically generates
a cross-polar response (XPR).

The majority of testing with LPDA antennas is above 200 MHz. To achieve free-space
conditions, a high-quality fully anechoic room, or antenna support towers of sufficient height
above ground on an outdoor range may be used; see 6.3.2 of this document and Clause 6 of
CISPR 16-1-5:2014 for associated site characteristics. A uniform field shall be set up across
the effective length of the AUT. The separation between the centre of the AUT and the
transmit antenna shall be greater than one wavelength. For an LPDA antenna, the separation
is to its centre mark. When the lowest frequency is 200 MHz, a fixed separation of 1,5 m over
the entire frequency range is recommended.

Set the transmit antenna and the AUT vertically polarized and note the signal strength over
the frequency range. Rotate the transmit antenna by 90° and note the difference in signal
strength relative to the co-polar reading.

NOTE A good-quality site is needed to set up a uniform field across the effective area of the AUT. The cross-polar
discrimination afforded by the linearly-polarized wave can be proven by transmitting between a pair of standard-

gain horn antennas or open-ended waveguides as test antennas, and checking that the combinatio w §

and inherent cross-polar performance with the test antennas yields a suppression of the Fcrizontal %ponentrgents
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more than 30 dB. If the site errors are very low, and if the test antennas have identical performance, the cross-
polar rejection of one test antenna is approximately 6 dB lower than the combined cross-polar coupling of the pair
of test antennas. For example, if the combined cross-polar level is 30 dB, then the level for a single test antenna is
36 dB. The criterion for the site set-up, including antenna separation and site performance, is the achievement of a
combined cross-polar level of 30 dB. A pair of horn antennas can be set up, horizontally polarized, with a
separation between their front apertures of 1,5 m. The site insertion loss (SIL) is recorded over the frequency
range of interest. One of the antennas is rotated by 90° so that it is vertically polarized. The change in SIL of at
least 30 dB will provide acceptable measurement uncertainty. For frequencies below 1 GHz, V-shaped LPDA
antennas can be used in place of horn antennas to prove the suitability of the site. It is possible to use dipole or
biconical antennas, but due to their uniform H-plane radiation patterns a greater antenna height would be needed.

An interfering signal 20 dB lower in level than the desired signal gives a maximum error on
the desired signal of + 0,9 dB. The maximum error occurs when the cross-polar signal is in
phase with the co-polar signal. If the XPR of the LPDA is worse than 20 dB, the operator shall
calculate the uncertainty and declare it with the result. For example, a cross-polar level of
14 dB implies a maximum uncertainty of +1,6 dB to —1,9 dB; the larger value and an assumed
rectangular distribution shall be used when calculating the standard uncertainty.

To add a signal of 0 dB to another of —14 dB, first convert to relative voltages by dividing by
20 and taking the anti-logarithm. Then add the smaller signal to the unity signal. Take the
logarithm and multiply by 20. The result is the positive decibel error. Repeat, but subtract the
smaller signal from the unity signal to give the negative decibel error.

For the purpose of calculating the uncertainty of a radiated disturbance measurement, if the
signal level measured in one polarization exceeds the signal measured in the orthogonal
polarization by 6 dB or more, then an LPDA whose XPR is only 14 dB will have been deemed
to have met the specification of 20 dB. If the difference between the vertically and horizontally
polarized signal levels is less than 6 dB, additional uncertainty shall be calculated if the sum
of this difference and the XPR is less than 20 dB.

Considerations on measurement uncertainty for XPR measurement results can be found in
Annex H-[24}. Annex H provides an example of an XPR of an AUT sufficient to meet the 20 dB
XPR requirement in the measurement.

4.6 Antennas for the frequency range 1 GHz to 18 GHz
4.6.1 General

Radiated disturbance measurements above 1 GHz shall be made using calibrated linearly
polarized antennas. Examples are LPDA antennas, double-ridged guide horn antennas, and
standard gain horn antennas. The "beam" or main lobe of the pattern of any antenna used
shall be wide enough to encompass the EUT when located at the measuring distance. The
width of the main lobe is defined as the 3 dB beamwidth of the antenna, and information
allowing determination of this parameter should be given in the antenna documentation. For
horn antennas, the following condition shall be satisfied:

2
D
d>— 5

24 )
where
d is the measurement distance (m);
D is the largest dimension of the aperture of the antenna (m); and
A is the free space wavelength at the frequency of measurement (m).

The requirement for the XPR of the antenna in 4.5.5 also applies for the 1 GHz to 18 GHz
frequency range.
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4.6.2 Receive antenna
4.6.2.1 General

The receive antenna shall be linearly polarized and for site validation be the same type as
used for EUT disturbance measurements.

Some antenna models may have different versions with possibly different radiation patterns,
and users are advised to verify the preceding condition.

NOTE 1 “Antenna type” means a shape or a kind of antenna, for example horn antenna or LPDA antenna.
NOTE 2 “Antenna model” means the specified manufacturer’s model number.

NOTE 3 *“Version” means the specified manufacturer’'s revision number, if applicable, of a particular antenna
model number.

4.6.2.2 Receive antenna radiation pattern

E-plane and H-plane radiation patterns shall be measured with reference to the antenna
boresight. The measurand is the antenna pattern in dB, presented using a polar-coordinate
plot such as in Figure 2. Radiation pattern plots should be normalized to 0 dB. The 0° angle
shall be equal to the mechanical boresight.

E-plane and H-plane radiation patterns of each individual antenna shall be recorded over the
frequency range of the antenna with a step size of 500 MHz or less, per Annex | of CISPR 16-
1-6:2014/AMD1:2016.

Type-test results, including statistical data, supplied by the manufacturer may be used to
provide evidence that the receive antenna radiation pattern requirements are met. Service
measures shall be taken to assure pattern stability during the antenna life.

15 0

345

60 300

75 285

90 | 270

-15 -12 -9 -6 -3 0

105 255

120 : 240

165 459 195

IEC

Figure 2 — RX antenna E-plane radiation pattern example,
with limit area shaded for 3 m distance and 2 m EUT width

NOTE In general, the boresight direction is the direction of maximum radiation from the antenna. However, it may
happen that the pattern has two radiation maxima but with none of the maxima in the direction of the mechanical
boresight, e.g. as in Figure 2.
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4.6.2.3 Receive antenna radiation pattern requirements

The grey-shaded areas shown in the polar plots of Figure 3 and Figure 4 are defined by the
maximum height, 4, and the maximum width, w, of the EUT, and the test distance, d.

For the receive antenna to sufficiently illuminate the EUT, the half-power beamwidth of the
receive antenna shall not fall inside the shaded area in the E-plane and H-plane pattern cuts
shown in Figure 3 and Figure 4.

0dB

-3dB

w = maximum width of the EUT
IEC

Figure 3 — Determination of maximum useable
EUT width using half-power beamwidth

-3 dB

0dB

h = maximum height of the EUT
IEC

Figure 4 — Determination of maximum useable EUT
height using half-power beamwidth

4.7 Special antenna arrangements — large-loop antenna system

In the frequency range 9 kHz to 30 MHz, the interference capability of the magnetic field
component of the radiation of a single EUT can be determined by using a large-loop antenna
system (LLAS). In the LLAS, the interference capability is measured in terms of the currents
induced by the magnetic field in each LLA of the LLAS. The LLAS measures Be current
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induced by the magnetic field component of a single EUT. The LLAS allows indoor
measurements.

The LLAS consists of three circular mutually-perpendicular large-loop antennas, each having
a diameter of 2 m, supported by a non-metallic base. A full description of the LLAS is given in
Annex C.

The EUT-is shall be positioned in the centre of the LLAS on a non-conductive support table.
The maximum dimensions of the EUT are limited so that the distance between the EUT and
each LLAS loop is at least 0,20 m. Guidelines for-the routing of-sigrnal EUT cables are given in
NOTE 2 of C.3 and Figure C.6. Cables shall be routed together, leave the LLAS volume in the
same octant of the LLAS, and be no closer than 0,4 m to any of the LLAS loops.

The LLAS may be placed in any environment. Placement inside a shielded room, SAC, FAR,
or weather-protected OATS is permitted. Placement in a shielded environment is
recommended to eliminate ambient signals allowing for better sensitivity to EUT emissions. A
minimum distance of 0,5 m between the LLAS and any metallic plane is recommended. The
validation of the LLAS shall be performed at the location where the LLAS measurements
normally take place to take into account the effect of the environment (see C.4).

The three mutually-perpendicular LLAS loops allow measurement of the interference
capability of all polarizations of the radiated field with the prescribed accuracy, and without
rotation of the EUT or changing the orientation of the LLAS loops.

Each of the three LLAS loops shall comply with the validation requirements given in C.4.

NOTE Circular LLAS loops with diameters different from the standard diameter of 2 m can be used, provided their
diameter D < 4 m, and the distance in metres between the EUT and an LLAS loop is at least 0,10 x D.-Correction
Conversion factors for non-standard diameters are given in C.6.

5 Test sites for measurement of radio disturbance field strength for the
frequency range of 9 kHz to 30 MHz

Moid)
5.1 General

An environment shall ensure valid, repeatable measurement results of the disturbance field
strength from an EUT. The provisions in this clause are not intended for measurements on
EUTs at their place of use (in that case, see, e.g., the in situ measurement procedures in
CISPR 16-2-3).

In the frequency range below 30 MHz, a semi-free space environment is required. Such a
semi-free-space environment shall be an OATS, an OATS with a weather-protection enclosure,
or a SAC.

5.2 Radio-frequency ambient environment of a test site

The test site shall allow disturbances from an EUT to be distinguished from ambient noise. Its
suitability in this respect can be determined by measuring the ambient noise levels with the
EUT inoperative and ensuring that the ambient noise levels are at least 6 dB below the limits
that apply for the measurement being carried out.

It is not necessary to reduce the ambient noise level to 6 dB below the specified limit where
the combination of the ambient noise plus the disturbance from the EUT does not exceed the
specified limit. Under those conditions, the EUT is considered to comply with the specified
limit.
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5.3 Measurement distance and test volume

The test site shall be validated at the measurement distances that are used for disturbance
measurements as per the methods of CISPR 16-2-3:2016/AMD2:20—. The measurement
distance shall be 3 m, 5 m, or 10 m.

NOTE According to CISPR 16-2-3, measurements at 30 m distance are considered as in-situ measurements.

The test volume is determined by the locations of the transmit antenna used during test site
validation, where the site meets the criteria in 5.5.4. The maximum size of the EUT shall not
exceed the validated test volume (the maximum volume is also limited by Table 10 of
CISPR 16-2-3:2016/AMD1:2019).

5.4 Set-up table and antenna positioner

The shape and construction of the set-up table and the antenna positioner for the receive
antenna are not critical in the frequency range below 30 MHz provided that non-conductive
material is used. In this case, the influence of the set-up table and antenna positioner shall
not be evaluated.

5.5 Validation procedure of test site
5.5.1 General

For an OATS, an OATS with a weather-protection enclosure or a SAC, a single site insertion
loss measurement is insufficient to determine possible reflections from ground plane edges,
the construction material and/or the RF-absorbing material comprising the walls and ceiling of
the facility. Evaluating #,, Hy, and H, antenna orientations (as illustrated in Figure 35)
requires 15 separate SIL measurements, i.e. five positions for each of the three orientations
of the loop antennas [25].

Loop antennas conforming to the requirements of 4.3.2 shall be used for these measurements.
Distances are measured with respect to the reference points of the antennas. The
measurement heights for the transmit antenna and the receive antenna are fixed at 1,3 m
from the ground plane to reference points of the loop antennas. Height scanning is not
required for either antenna. The reference point of the transmit antenna shall be placed at the
required locations in turn: centre and four locations (left, right, front, rear) on the perimeter of
the test volume to be validated, in accordance with Figure 36 and Figure 37.

For each measurement made with a spectrum analyzer or a network analyzer, the procedure
requires two different measurements of the received voltage V'g. The first reading of 7'y is with
the two coaxial cables disconnected from the two loop antennas and connected to each other
via an adaptor. The second reading of V' is taken with the coaxial cables reconnected to their
respective loop antennas. For both of these measurements, the signal source voltage, 7,
remains unchanged. The first reading of /'y is called 'y rgcT @nd the second is called Vg 1g.

An acceptable signal to noise ratio shall be maintained; however, a requirement is not
specified because the receive level depends on the antennas used, the available transmit
power, the noise level of the receiver, and the ambient level. A value of 20 dB is
recommended. The achieved values shall be used in the uncertainty budget given in Annex I.
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Special care shall be taken to avoid coupling between the receive system and the transmit
system. Typically a ground loop is formed if the transmit antenna and receive antenna cables
are routed through the chamber shielding using standard bulkhead connectors; see [31].
There are several possible methods to avoid this ground loop. One of them is to operate the
signal generator inside and the measuring receiver outside the shielded room. It is also
possible to use an isolating transformer in the transmit path. It is recommended to check the
dynamic range of the system before use. This check is done by connecting a termination
instead of the transmit antenna and recording the receive level. If an active receive antenna is
used it should be turned on during a dynamic range test to take the noise of the preamplifier
into account.

If the cables have an influence on the measurement result, they shall be equipped with ferrite
cores. It is highly recommended that ferrites with a minimum impedance of 50 Q at 25 MHz
are placed on the transmit antenna and receive antenna cables every 20 cm along their entire
length within the test volume being validated.

Three different loop antennas orientations shall be measured according to Figure 35. The
measurements shall be performed in the frequency range from 9 kHz to 30 MHz, with
frequency steps less than or equal to those specified in Table 9.

Figure 36 and Figure 37 illustrate the measurement positions in the test volume. Five
positions in the test volume shall be measured. The measurement distance d shall be kept

constant.
Table 9 — Maximum frequency step size
Frequency range Maximum step size
9 kHz to 20 kHz 1 kHz
20 kHz to 150 kHz 5 kHz
150 kHz to 1 MHz 50 kHz
1 MHz to 30 MHz 100 kHz
z z z z z lz
M ‘ 'z
H, X U/ \Hy X X
= d = d = d
Ground plane Ground plane Ground plane

IEC IEC IEC

Figure 35 — General arrangement of the three measurement orientations H,, Hy and H,,
where d is the measurement distance and 7 is the height of the reference point
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a) H, validation measurement with loop antennas

Test distance d between the loop antennas
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b) Hy validation measurement with loop antennas
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Test distance d between the loop antennas
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c) H,validation measurement with loop antennas

NOTE The receive loop antenna positions corresponding to the left and right transmit antenna positions, shown
with green and magenta colors respectively, are one and the same. However, these are shown with a slight offset

in the diagram so that both are visible.

Figure 36 — Antenna positions
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c) H,validation measurement with loop antennas

Figure 37 — Antenna positions
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5.5.2 Normalized site insertion loss (NSIL)

The site insertion loss deviation is calculated by Equation (27):

A4 =VpireeT —VsImE — FanT — FaHR — i (27)

where

VoirecT is the level recorded by the receiver when transmit antenna and receive antenna
cables are connected via an adaptor, in dBm or dB(pV);

VsiTE is the level recorded by the receiver when transmit antenna and receive antenna
cables are connected to the antennas, in dBm or dB(uV); the same unit shall be
used as for VprecT

Fant is the magnetic field antenna factor of the transmit antenna, in dB(S/m);

FanRr is the magnetic field antenna factor of the receive antenna, in dB(S/m);

AN is the normalized site insertion loss, in dB(m?2/S2), calculated in accordance with
Annex J;

A4, is the site insertion loss deviation, in dB.

Fan 1 @nd F,y g shall be calibrated according to CISPR 16-1-6 with frequency steps less than
or equal to those specified in Table 9.

Due to the required sensitivity at 10 m measurement distance, the use of a transmit power
amplifier can be required. To avoid overloading the receiver in the Vprect Measurement
mode, an additional attenuator can be necessary; see Figure 38. If such an attenuator is used
in the Vprect Measurement, but not in the Vg tg measurement, a calibrated attenuator shall
be used, and its attenuation a1 shall be taken into account, in accordance with Equation

(28).
A4 =Vpirect +aaTT —Vsime —Fan,T — FaHR — i (28)
Signal _ Power TX ant. cable o Att ‘ RX ant. cable | Rece
generator o amplifier o enuator o ecelver
IEC
Figure 38 — Test set-up for Vprect With power amplifier and attenuator
5.5.3 Reference site method
The site insertion loss deviation is calculated as given by Equation (29).
A4 =Vprect ~VsITE ~ 4PR (29)
The antenna pair reference 4, pR is calibrated at a REFTS by using Equation (30).
Apr =VDIRECTR ~VSITER (30)
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A REFTS suitable for this purpose shall have a site insertion loss deviation less than 1 dB for
a measurement distance of 3 m, and less than 2 dB for the other measurement distances.
Compliance to this requirement shall be shown using the NSIL method given in 5.5.2.

5.5.4 Acceptance criterion
The site insertion loss deviation A4,, calculated in accordance with 5.5.2 or 5.5.3 depending

on which site validation method was used, shall comply with the applicable criterion specified
in Table 10 at all frequencies, for all three antenna orientations, and at all five test positions.

Table 10 — Acceptance criterion

Measurement distance Maximum deviation
m dB
3 +4 dB
5 +4 dB
10 +4dB @

a8 Measurements of 10 m SACs show that it might not be possible to fulfill the
criterion of 4 dB over the complete frequency range. Therefore use of such a
SAC is accepted, even if it is not compliant with the =4 dB criterion. In this
case, the increased uncertainty shall be taken into account for compliance with
the applicable limit. For each frequency, the maximum of [|A4;| of all points
where the criterion is exceeded shall be taken as d4; to calculate U, . U, is
calculated separately for each orientation. See CISPR 16-4-2 and Annex M for
further information. More information about measurement at various distances
can be found in [25].

6 Test sites for measurement of radio disturbance field strength for the
frequency range of 30 MHz to 1 000 MHz

6.1 General

An environment is required that assures valid, reproducible measurement results of
disturbance field strength from an EUT. For an EUT that can only be tested at its place of use,
other provisions shall be utilized (i.e. see details on in-situ measurements in CISPR 16-2-3).

In the frequency range 30 MHz to 1 GHz, a semi-free space environment is required. Such a
semi-free space environment shall be an OATS, an OATS with a weather-protection enclosure,
or a SAC. However, measurements in this frequency range can also be performed in a free-
space environment (i.e. in a FAR).

6.2 OATS
6.2.1 General

An OATS is an area characterized by cleared level terrain and with the presence of a
conducting ground plane. To meet the validation requirements of this document, a metallic
ground plane is recommended. Such a test site shall be free of buildings, electric lines,
fences, trees, etc. and free from underground cables, pipelines, etc., except as required to
supply and operate the EUT. Refer to Annex D for specific construction recommendations of
an OATS for disturbance field-strength measurements in the range of 30 MHz to 1 000 MHz.
The site validation procedures for an OATS are given in 6.6 and 6.7. Annex F explains the
basis for the acceptability criterion.
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6.2.2 Weather-protection enclosure

Weather protection is desirable if the test site is used throughout the year. A weather-
protection structure can protect either the entire test site (including EUT and field-strength
measuring antenna) or the EUT only. The materials used shall be RF—transparent, to preclude
undesirable reflections and attenuation of the emitted field from the EUT (see 6.3.1).

The structure of a weather-protection enclosure shall be shaped to allow easy removal of
snow, ice, or water. See Annex D for further details.

6.2.3 Obstruction-free area

For open-area test sites, an obstruction-free area surrounding the EUT and field-strength
measuring antenna is required. The obstruction-free area shall be free from significant
scatterers of electromagnetic fields, and shall be large enough so that scatterers outside the
obstruction-free area will have little effect on the fields measured by the field-strength
measuring antenna. To determine the adequacy of an obstruction-free area, site validation
tests shall be performed.

Because the magnitude of the field scattered from an object depends on many factors (size of
the object, distance from the EUT, orientation with respect to the EUT, conductivity and
permittivity of the object, frequency, etc.), it is impractical to specify a reasonable obstruction-
free area that is necessary and sufficient for all applications. The size and shape of the
obstruction-free area are dependent upon the measurement distance, and whether or not the
EUT will be rotated. If the site is equipped with a turntable, the recommended obstruction-free
area is an ellipse with the receive antenna and EUT at the two foci, with a major axis equal to
twice the measurement distance and a minor axis equal to the product of the measurement
distance and V3 (see Figure 5).

For this ellipse, the length of the path taken by the undesired indirect ray reflected from any
object on the perimeter is twice the length of the path taken by the direct ray between the foci.
If a large EUT is installed on the turntable, the obstruction-free area shall be expanded so that
the obstruction clearance distances are established relative to the perimeter of the EUT.

If the site is not equipped with a turntable, i.e. the EUT is stationary, the recommended
obstruction-free area is a circular area such that the radial distance from the boundary of the
EUT to the boundary of the area is greater than or equal to the measurement distance
multiplied by 1,5 (see Figure 6). In this case, the antenna is moved around the EUT at the
measurement distance.

The terrain within the obstruction-free area shall be flat. Small slopes needed for adequate
drainage are acceptable. The flatness of the metallic ground plane, if used, is discussed in
D.2. Measuring apparatus and all personnel shall be situated outside the obstruction-free area.
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Figure 5 — Obstruction-free area of a test site with a turntable
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Figure 6 — Obstruction-free area with stationary EUT

6.2.4 Radio-frequency ambient environment of a test site

The radio-frequency ambient levels at an OATS shall be sufficiently low compared to the
levels of the disturbance measurements to be performed. The quality of the site for this
condition may be evaluated under four categories, listed as follows in order of merit:

a) the ambient emissions are 6 dB or more below the measurement levels;

b) some ambient emissions are within 6 dB of the measurement levels;

c) some ambient emissions are above the measurement levels, but are either aperiodic (i.e.
sufficiently long in time between transmissions to allow a measurement to be made) or
continuous, but only on limited identifiable frequencies;

d) the ambient levels are above the measurement levels over a large portion of the
measurement frequency range and occurring continuously. Documents

Document Sharing Hub

Full document details: CISPR 16-1-4-2023


http://avadocuments2026.com/doc/cispr-16-1-4-2023
http://avadocuments2026.com/doc/cispr-16-1-4-2023

CISPR 16-1-4:2019+AMD1:2020 -39 -
+AMD2:2023 CSV © IEC 2023

The selection of a test site should ensure that the accuracy of the measurement is maintained,
given the ambient environment and the degree of engineering skill available.

In addition to the RF ambient environment, the receiver intrinsic noise floor contributes to the
uncertainty of the results of radiated disturbance measurements. Hence both the RF ambient
emissions and the receiver intrinsic noise shall be minimized, to allow a valid comparison of
the measured disturbance level with the disturbance limit.

6.2.5 Ground plane

The OATS ground plane can be at earth level, or elevated on a suitably-sized platform or
horizontal rooftop site. A metal ground plane is preferred, but for certain equipment and
applications, product publications may recommend other site types. Adequacy of the metal
ground plane will be dependent on whether the test site meets the site validation
requirements of 6.4. If metallic material is not used for the ground plane, caution is required to
select a site that does not change its reflective characteristics with time, weather conditions,
or effects due to buried metallic material, such as pipes, conduits, and non-homogeneous soil.
Such sites generally give different SA characteristics compared to those with metallic
surfaces.

6.3  Suitability of other test sites
6.3.1 Other ground-plane test sites

There are many different test sites and facilities that have been constructed and used to make
radiated disturbance measurements. Most are protected from the weather and the adverse
effects of the RF ambient. For example in a SAC, all walls and the ceiling are equipped with
appropriate RF absorbing material, while the floor consists of a metallic ground plane to
emulate an OATS. A SAC isolates the receive antenna from the ambient RF environment, and
permits EUT testing independent of weather conditions.

Whenever construction material encloses a ground-plane test site, it is possible that the
results of a validation measurement at a single location, as specified in 6.7, are not adequate
to show acceptability of such an alternative site.

Therefore to evaluate suitability of an alternative ground-plane test site, the procedure of 6.8
shall be used, which is based on making validation measurements at multiple positions
throughout a volume occupied by the EUT. For a site to be judged suitable as an equivalent to
an OATS, the results of these validation measurements shall all be within a tolerance of
+ 4 dB.

NOTE SACs typically meet site quality category a) in 6.2.4.

6.3.2 Test sites without ground plane (FAR)

A fully-absorber-lined shielded enclosure, also known as a fully-anechoic room (FAR), can be
used for radiated disturbance measurements. When a FAR site is used, appropriate radiated
disturbance limits shall be defined in relevant standards (generic, product, or product family
standards). Compliance of an EUT with the requirements for the protection of radio-services
(i.e. limits) shall be evaluated at FAR sites using similar methods as with measurements done
at an OATS.

A FAR is intended to simulate a free-space environment, such that only the direct ray from the
transmit antenna or EUT reaches the receive antenna. All indirect and reflected ray waves
shall be minimized by appropriate placement of RF absorbing material on all walls, ceiling,
and floor of a FAR. Like a SAC, a FAR isolates the receive antenna from the RF ambient
environment, and permits EUT testing independent of weather conditions.

NOTE FARs typically meet site quality category a) in 6.2.4.
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6.4 Test site validations
6.4.1 General

Three methods for site validation of a COMTS may be used for the purposes of this
document:

e NSA method with tuned dipoles;
¢ NSA method with broadband antennas;

o Reference site method (RSM) with broadband antennas.

The NSA method with tuned dipoles is not specifically described, but it may be used for the
purposes of this document. Theoretical NSA tables for tuned dipoles, including tables of the
theoretical mutual impedance correction factors, are given in [20]7.

Validations for test sites with a ground plane (i.e. OATS and SAC) are introduced in 6.4.2 and
6.5.1, followed by detailed procedures for the RSM in 6.6 and for the NSA method in 6.7.
Validation of a SAC and a weather-protection enclosed OATS requires additional
measurements as described in 6.8.

Table 1 summarizes the site validation methods applicable for these specific test site types.
As shown in this table, two or three site validation methods are described for each of these
test site types. These methods are deemed to be equivalent for the purposes of this
document; meaning compliance with the validation criterion can be evaluated using only one
method. Furthermore, no one of these documented methods is defined as the reference
method.

The site validation methods in this document provide a measure of uniformity of the validated
test volume using a comparison between ideal (theoretical) and measured site attenuation
between the transmit antenna and the receive antenna. The transmit antenna does not
simulate the EUT; therefore, the validation procedure does not define the maximum EUT
volume. Considerations on EUT sizes depending on measurement distance are given in

CISPR 16-2-3.
Table 1 — Site validation methods applicable
for OATS, OATS-based, SAC, and FAR site types
Applicability of site validation methods
Test site type Tuned dipoles Broadband antennas Broadband antennas
NSA NSA RSM
OATS Yes Yes Yes
OATS with weather No Yes Yes
protection

SAC No Yes Yes
FAR No Yes Yes

6.4.2 Overview of test site validations

The validation of a test site is performed using two co-polarized antennas. The validation shall
be performed separately for both horizontal and vertical polarizations.

SA is obtained from the difference of:

e the source voltage level, V;, applied to a transmit antenna;

1 Numbers in square brackets refer to the bibliography. Documents
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e the maximum received voltage level, Vg, measured on the terminals of a receive antenna
during a specified antenna height scan.

The voltage measurements are performed in a 50 Q system.

The measured SA of an OATS (as in 6.2) and other ground-plane test sites (as in 6.3.1) is
compared to the SA characteristics obtained at an ideal OATS - this is the definition of the
measurand for test site validations. The result of this comparison is the SA deviation, A4,
in dB; see Equation (6) and Equation (7). The site is considered suitable when the SA
deviation results are within a tolerance of + 4 dB.

If the +4 dB tolerance is exceeded, the test site configuration shall be investigated as
described in 6.9.

NOTE The basis for the = 4 dB site acceptability criterion is given in Annex F.

Additionally, SA deviations shall not be used to correct field-strength measurement data for
an EUT. The procedures of 6.4 shall be used only for test site validations.

6.5 Basic parameters of the NSA method for OATS and SAC
6.5.1 General equation and table of theoretical NSA values

NSA values calculated at specific frequencies are provided in Table 2 for broadband
antennas. The quantities d, h4, ko, fiy, and 4y used are identified at the end of Table 2.

NOTE 1 NSA values for frequencies other than shown in Table 2 can be obtained using linear interpolation
between the tabulated values.

NOTE 2 The spacing d between LPDA antenna pairs is measured from the projection on the ground plane of the
mid-point of the longitudinal axis of each antenna.

NOTE 3 The spacing d between biconical antennas is measured from the element centreline axes at the
feedpoint.

For measurements in each polarization, the NSA method requires two different measurements
of the received voltage, V'g.

The first reading of Vg (VprecT) iS taken with the two coaxial cables disconnected from the
two antennas and connected to each other via an adaptor. The second reading of Vg (VgTE)
is taken with the coaxial cables reconnected to their respective antennas, then the maximum
signal is measured when the receive antenna is scanned in height (1 mto 4 m, for 3 m, 5 m
10 m and 30 m separation distances). For both measurements, the signal source voltage, 7,
is kept constant. The measured results, along with the theoretical NSA (4y), are used in
Equation (6) to obtain the SA deviation results. All terms are in dB.

Adgs =VpireeT —VsiTE — Fat — Far — 4N (6)
where
AAdg is the SA deviation;
Far is the transmit antenna factor;
Far is the receive antenna factor;
AN is the theoretical NSA, according to Table 2.

F,1 and F4g shall be calibrated as free-space antenna factors; see 6.5.2.
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Note that the first two terms represent the actual measurement of SA, i.e. in the classical view
SA is equal to (VpirecT — VsiTe), which is the insertion loss of the propagation path with the
inclusion of the properties of the two antennas used.

To confirm the absence of voltage drift due to temperature changes in measurement devices
or cables, re-measure VprecT after a suitable time period to confirm stability of the results.

For the respective NSA measurement method used (swept frequency method per 6.7.2, or
discrete frequency method per 6.7.1), the validation criterion shall be satisfied at all
frequencies in the desired frequency range.

Table 2 lists NSA values for broadband antennas, such as biconical and LPDA, for both
horizontal and vertical polarizations relative to the ground plane.

If Adg is greater than + 4 dB, proceed as described in 6.9.
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6.5.2 Antenna calibration

For site validation using the NSA method, free-space antenna factors are used, as measured
with the methods of CISPR 16-1-6.

The use of free-space antenna factors for the calculation of NSA, as in Equation (6), can
cause errors, particularly for biconical and tuned dipole antennas below 300 MHz. This is
because the model for the theoretical NSA values in Table 2 is based on a Hertzian dipole
and not on the actual antennas used to measure SA. This model does not take account of the
significant change in antenna factor due to mutual coupling to the ground plane, or account of
the radiation pattern of the antenna. This problem does not occur with the RSM because it
does not involve antenna factors. A partial solution is available in [19] which significantly
reduces uncertainties of the antenna factors in the NSA method.

6.6 Reference site method for OATS and SAC
6.6.1 General

The RSM is another method for validating the suitability of a test site, using broadband
antennas. As with the NSA method, the evaluation of Vprect @nd Vg1 is required. These
results are obtained using exactly the same geometries and polarizations as specified for the
NSA method. For a weather-protection-enclosed OATS or a SAC, the configurations are:

e 3m,5m, or 10 m test distance;

NOTE 1 Although RSM may be applied to 30 m sites, it is impractical due to the limited number of appropriate
reference test sites.

e transmit antenna heights are 1 m and 2 m for horizontal polarization, and 1 m and 1,5 m
for vertical polarization;

NOTE 2 For other transmit antenna heights, see Table 2.

e 1 mto 4 mreceive antenna height scan range.

The main difference between the RSM and NSA methods is in the calculation of SA
deviations, using Equation (7):

Ads =VpirecT —VsiTE — 4AAPR (7)

Rather than using antenna factors for the transmit antenna and the receive antenna and the
calculated NSA (4y) values, as in the NSA method Equation (6), measured results for the
antenna-pair reference SA (45pR) are used.

NOTE 3 4,pi does not involve antenna factors, but comprises coupling between the antennas, including the
effects of coupling of each antenna to the ground. Furthermore, the radiation patterns of the antennas are included,
different from the NSA method where the radiation patterns are approximated as being those of Hertzian dipoles.

For a weather-protection enclosed OATS and a SAC, four data sets are required, i.e. two
antenna heights with two polarizations. For each additional distance, polarization and antenna
height, a different 4,pR is needed, as shown in the example template of Table 3.
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Table 3 — Example template for 4,pg data sets

Antenna pair reference site attenuation, Appr
Frequency dB
MHz Horizontal Vertical
hy=1m hy=2m hy=1m hy=1,5m
30
31
32

When using a network analyzer or a stepped-frequency receiver to perform an RSM
measurement, the frequency steps of Table 4 shall be used.

NOTE 4 RSM is a swept frequency method; Table 4 defines the maximum step size.

NOTE 5 When using a continuously-tuned receiver or a spectrum analyzer for an RSM measurement, the
frequency step size definition of Table 4 does not apply.

Table 4 — RSM frequency steps

Frequency range Maximum frequency step size
MHz MHz
30 to 100 1
100 to 500 5
500 to 1 000 10

Frequencies used for the RSM measurement of a test site shall be identical to the frequencies
used to obtain the 4,pg data (e.g. at a REFTS; see 6.6.3).

The A4 criterion, see Equation (7), shall be satisfied at the frequencies given in Table 4.

6.6.2 Antennas not permitted for RSM measurements

For the purposes of this document, hybrid antennas shall not be used for RSM site validation
measurements.

NOTE 1 When specific SAC sites are validated using biconical and hybrid antennas, a large deviation in the
results has been observed. The main reason for deviations is the different distance between the phase centres of
the antennas, e.g. 10 m for biconical antennas and approximately 11,2 m for typical hybrid antennas. To avoid
such reproducibility issues, hybrid antennas are excluded.

NOTE 2 Hybrid antennas typically are not used for site validation because of the larger uncertainties in
positioning of these typically larger and bulkier antennas, especially for a 3 m test site where the overall combined
length of the two hybrid antennas may be nearly 3 m.

NOTE 3 Better performance for a SAC is typically obtained with standard antennas (biconical or LPDA) for a
lower A4 ; adjustment of SAC design parameters to achieve site validation compliance using hybrid antennas is

strongly discouraged. To construct a SAC with better performance than those required, the standard requires the
manufacturer to fulfil e.g. A4, = 3,5 dB.

6.6.3 Determination of the antenna pair reference site attenuation on a REFTS

One approach to measuring Appr is to use a reference test site (REFTS), which has
performance established according to procedures described in CISPR 16-1-5. A separate

second approach is given in 6.6.4. Documents
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