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

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
| national electrotechnical committees (IEC National Committees). The objecty of IEC is to prg

echnical Reports, Publicly Available Specifications (PAS) and Guides ~hereafter referred to as
ublication(s)”). Their preparation is entrusted to technical committees; any~-[EC National Committee inter
the subject dealt with may participate in this preparatory work. |nternational, governmental and
bvernmental organizations liaising with the IEC also participate in this_preparation. IEC collaborates cl
ith the International Organization for Standardization (ISO) in accofdance with conditions determing
hreement between the two organizations.

he formal decisions or agreements of IEC on technical matters_express, as nearly as possible, an interna
bnsensus of opinion on the relevant subjects since each{technical committee has representation fro|
terested IEC National Committees.

C Publications have the form of recommendations, fapjinternational use and are accepted by IEC Na
ommittees in that sense. While all reasonable efforisvare made to ensure that the technical content o
ublications is accurate, IEC cannot be held responsible for the way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity;SlEC National Committees undertake to apply IEC Public3
ansparently to the maximum extent possible in their national and regional publications. Any diverg
ptween any |IEC Publication and the corresponding national or regional publication shall be clearly indica
e latter.

C itself does not provide any attestation of conformity. Independent certification bodies provide confg
Esessment services and, in some’ areas, access to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification bodies.

| users should ensure that they have the latest edition of this publication.

o liability shall attach to IEC or its directors, employees, servants or agents including individual expert
embers of its technical committees and IEC National Committees for any personal injury, property dama
her damage ofwany nature whatsoever, whether direct or indirect, or for costs (including legal fees
kpenses arisingsout of the publication, use of, or reliance upon, this IEC Publication or any othe
ublications.

ttention_is drawn to the Normative references cited in this publication. Use of the referenced publicatig
dispensable for the correct application of this publication.

ttention is drawn to the possibility that some of the elements of this IEC Publication may be the subijg

ising
mote

ternational co-operation on all questions concerning standardization in the electricaland electronic fields. To
is end and in addition to other activities, IEC publishes International Standards, Technical Specificati

ional
m all

ional
IEC
any

tions
ence
ed in

rmity

r any

and
ge or
and
IEC

ns is

ct of

o _>

htamnt riahitc IO chall Aot K hald racnancihl foridantifiiina anag rall ool Aatant riahic
BtetHgtS—= SHaRotbe-rRetaTFesSpoRsStoretTortaeRtyHhgayoeframrSHeRpateRtHghts:

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard CISPR 16-2-3 has been prepared by CISPR subcommittee A: Radio-
interference measurements and statistical methods.

This fourth edition edition cancels and replaces the third edition published in 2010, its
Amendment 1:2010 and its Amendment 2:2014. This edition constitutes a technical revision.

This edition includes the following significant technical change with respect to the previous
edition: addition of content on correction of the electric field strength to account for phase
centre of log-periodic dipole array antennas.

It Has the status of a basic EMC publication in accordance with IEC Guide
Eleqtromagnetic compatibility — Guide to the drafting of electromagnetic compati
pubiications.
The|text of this standard is based on the following documents:
FDIS Report on voting
CISPR/A/1176A/FDIS CISPR/A/1182/RVD

Full

voting indicated in the above table.

Thig publication has been drafted in accordance with thé ISO/IEC Directives, Part 2.

information on the voting for the approval of this standardZ¢an be found in the repor

107,
ility

t on

A ligt of all parts of the CISPR 16 series, published under the general title Specification for
radip disturbance and immunity measuring apparatus and methods, can be found on the|lIEC
webgite.

The|committee has decided that the.contents of this publication will remain unchanged pntil
the |stability date indicated on the~lEC website under "http://webstore.iec.ch" in the pata
related to the specific publicationxAt this date, the publication will be

* 1fleconfirmed,

* withdrawn,

. 1ep|aced by a revised\edition, or

. mended.

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 usin
colqur. printer.

a
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SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

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

Scope
|

This
phe

uncertainty are specified in CISPR 16-4-1 and CISPR 16-4-2.

NOT
comf

appli
comf

2

The
are

und
ame

cIs
app

ClIs
met
app

CIS

app
Ane
Amd
Amd

CIS
and

eqt

nomena in the frequency range of 9 kHz to 18 GHz. The aspects of measurer

F  In accordance with IEC Guide 107 [13]1, CISPR 16-2-3 is a basic EMC publication for use by pr
hittees of the IEC. As stated in Guide 107, product committees are responsible for determining
Cability of the EMC standard. CISPR and its subcommittees are preparedto co-operate with pr
hittees in the evaluation of the value of particular EMC tests for specific products:

Normative references

following documents, in whole or in part, are normatively referenced in this document
ndispensable for its application. For dated referenges, only the edition cited applies.
hted references, the latest edition of thej\referenced document (including
ndments) applies.

PR 14-1:2005 2016, Electromagnetic @ompatibility — Requirements for house
iances, electric tools and similar apparatus — Part 1: Emission

PR 16-1-1, Specification for radio disturbance and immunity measuring apparatus
nods — Part 1-1: Radio disturbance and immunity measuring apparatus — Meast
hratus

PR 16-1-2:2003 2014,\.Specification for radio disturbance and immunity meast
hratus and methods\— ‘Part 1-2: Radio disturbance and immunity measuring apparat
Hary—egquipment=~ Coupling devices for conducted disturbance measurem
e s 00
tndment2-(2006)

PR 16-1~4:2010, Specification for radio disturbance and immunity measuring appar
methods — Part 1-4: Radio disturbance and immunity measuring apparatus —Anei
praent— Antennas and test sites for radiated disturbance measurements

CIS

part of CISPR 16 specifies the methods of measurement of radiated diStufbance

hent

bduct
the
bduct

and
For
any

hold

and
ring

ring
/S —
ents

atus

frary

PR16-1-4:2010/AMD1:2012

CISPR 16-2-1:2008 2014,

Specification for radio disturbance and immunity measuring

apparatus and methods — Part 2-1: Methods of measurement of disturbances and immunity —

Con

CISPR TR 16-4-1,

ducted disturbance measurements

Specification for radio disturbance and immunity measuring apparatus

and methods — Part 4-1: Uncertainties, statistics and limit modelling — Uncertainties in

stan

1T N

dardized EMC tests

umbers in square brackets refer to the Bibliography.
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CISPR 16-4-2, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 4-2: Uncertainties, statistics and limit modelling ——UYneertainty—n—EMEC
measurements Measurement instrumentation uncertainty

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

IEC 60050-161:49908, International  Electrotechnical =~ Vocabulary @ —  Chapter 161:

Electromagnetic compatibility
Amandmaent 1 (1007)

rrgrrertrroTTe T

Amgndment2-(1998)

IEC[61000-4-3:2006, Electromagnetic compatibility (EMC) - Part 4-3: Testing |and
medsurement techniques — Radiated, radio-frequency, electromagnetic field immunity test
IEC[61000-4-3:2006/AMD1:2007
IEC|61000-4-3:2006/AMD2:2010

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

3 [Terms, definitions and abbreviations

3.1 Terms and definitions

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

3.1.1
absoprber-lined OATS/SAC
OATS or SAC with ground plane partially covered by RF-energy absorbing material

3.1.2
ancjllary equipment
trangducers (e.g. current(and voltage probes and artificial networks) connected fo a
medasuring receiver or (tést) signal generator and used in the disturbance signal transfer
between the EUT and-the'measuring or test equipment

3.1.8
antenna beam
main lobe of the antenna pattern (gain pattern) of the receive antenna (usually the diregtion
with|maximum sensitivity or lowest antenna factor) that is directed towards the EUT

3.1.
antenna beamwidth

angle between the half-power (3 dB) points of the main lobe of the antenna beam, when
referenced to the maximum power of the main lobe

Note 1 to entry: It may be expressed for the H plane or for the E plane of the antenna.

Note 2 to entry: Antenna beamwidth is expressed in degrees.

315

associated equipment

AE

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

Note 1 to entry: This note applies to the French language only.
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3.1.6
auxiliary equipment

Aux

Eq

peripheral equipment that is part of the system under test

Note

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

3.1.7
basic standard
standard that has a wide-ranging coverage or contains general provisions for one particular

field

Note
stand

[SO

3.1.
coa

anci

speg¢ified characteristic impedance and a specified maximum™ allowable cable tran
impedance

3.1.9

common-mode absorption device

CMAD

device that may be applied on cables leaving" the test volume in radiated emis]

measurements to reduce the compliance uncertainty

Note

[SO

3.1.
con

demonstration that specified ;requirements relating to a product, process, system, perso

bod

Note
1ISO/I
asse

[SO

3.1.
con

cablr containing one or more coaxial lines, typically used for a),matched connectio
I

1 to entry: A basic standard may function as a standard for direct application or as a basis_for
ards.

JRCE: ISO/IEC Guide 2:1991, definition 5.1 [6]]

B

kial cable

ary equipment to the measuring equipment or (test-) signal generator providin

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

URCE: CISPR 16-1-4:2010, 3.1.4]

10
formity assessment

are fulfilled

EC 17000:2004, [/],/such as testing, inspection and certification, as well as the accreditation of confqg
Esment bodiess

JRCE: ISO/IEC 17000:2004, 2.1, modified — Note 2 has been deleted.]

11

pther

N of

g a
sfer

sion

1 to entry: The-‘subject field of conformity assessment includes activities defined elsewherde in

rmity

. i |

RF disturbance with duration of more than 200 ms at the IF-output of a measuring receiver
that causes a deflection on the meter of a measuring receiver in quasi-peak detection mode,

and

that does not decrease immediately

[SOURCE: IEC 60050-161:1990, 161-02-11, modified — The definition has been changed.]

3.1.12
emission
<electromagnetic> phenomenon by which electromagnetic energy emanates from a source

[SOURCE: IEC 60050-161:1990, 161-01-08]
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3.1.13

emission limit
<from a disturbing source> specified maximum emission level of a source of electromagnetic
disturbance

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

3.1.14

equ

Note

abs(

ipment under test

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

brbing material (i.e. RF absorber) that-abserbs attenuates electromagnetic energy in

frequency range of interest

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

3.1.16

loop-antenna system

LAS

antgnna system consisting of three orthogonally-oriented loop antennas that are use
meagsure the three orthogonal magnetic dipole moments of an EUT located in the centre o
threg loops

Note[1 to entry: This note applies to the Frenchslahguage only.

3.1.47

megsurement, scan and sweep times

3.1.171

megsurement time

Tm

effegtive, coherent timefor a measurement result at a single frequency

or the peak.detector, the effective time to detect the maximum of the signal envelope,

flor the quasi-peak detector, the effective time to measure the maximum of the weig

¢nvelope;

Note

the

d to
the

hted

florAthe’average detector, the effective time to average the signal envelope,

1 to entry: In some areas "measurement time" is also called dwell time.

3.1.17.2
scan

cont

inuous or stepped frequency variation over a given frequency span

3.1.17.3
span

Af
diffe

rence between stop and start frequencies of a sweep or scan
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3.1.17.4
sweep
continuous frequency variation over a given frequency span

3.1.17.5
sweep or scan rate
frequency span divided by the sweep or scan time

3.1.17.6
sweep or scan time

T,

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

3.1.17.7
obsgervation time
T

o
sum| of measurement times T, on a certain frequency in case of multiple sweeps

Note|1 to entry: If n is the number of sweeps or scans, then T, =n x T .

3.1.17.8
total observation time

Ty
effective time for an overview of the spectrum (either single.or multiple sweeps)

Note|1 to entry: If ¢ is the number of channels within a scan or.Sweep, then T\, =c xn x T .

3.1.18
megsuring receiver

instlument such as a tunable voltmeter, an“EMI receiver, a spectrum analyzer or an K

FT-

baséd measuring instrument, with or without preselection, that-meetis—therelevantparfs—of

complies with CISPR 16-1-1

3.1.19
number of sweeps per time unit
ns

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

Note|1 to entry: Sweeps(persecond, for example.

3.1.20
opep-area test.site

] —all - I :
facility for measurements and calibrations in which the ground reflection is made reproducible
by a large flat electrically conducting ground plane

Note 1 to entry: An OATS can be used for radiated disturbance measurements, where it is also designated as a

COMTS. An OATS can also be used for antenna calibrations, where it is designated as a CALTS.

Note 2 to entry: An OATS is an uncovered outdoor site, and is far enough away from buildings, electric lines,
fences, trees, underground cables, pipelines, and other potentially reflective objects, so that the effects due to

such objects are negligible. See CISPR 16-1-4 for guidance on the construction of an OATS.

Note 3 to entry: This note applies to the French language only.
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3.1.21

product standard

standard that specifies requirements to be fulfilled by a product or group of products, to
establish its fitness for purpose

Note 1 to entry: A product standard may include, in addition to the fitness for purpose requirements, directly or by
reference, aspects such as terminology, sampling, testing, packaging and labelling and, sometimes, processing
requirements.

Note 2 to entry: A product standard can either be complete or not, according to whether it specifies all or only a
part of the necessary requirements. In this respect, one may differentiate between standards such as dimensional,
material and technical delivery standards.

[SOURCE: ISO/IEC Guide 2:2004, definition 5.4 [6]]

3.1.p2

senli-anechoic chamber
SA(Q
shielded enclosure in which five of the six internal surfaces are lined with’ radio-frequepcy-
enefgy absorbing material (i.e. RF absorber) that-abserbs attenuates electromagnetic engrgy
in the frequency range of interest, and the bottom horizontal surfaceis a conducting grqund
plane for use with OATS test set-ups

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

3.1.23

test|configuration
compination that gives the specified measurement arrangement of the EUT in which an
emisgsion level is measured

3.1.24

weighting

pulsEe-repetition-frequency (PRF) dependent conversion (mostly reduction) of a peak-detefcted
impulse voltage level to an indicatiorn<that corresponds to the interference effect on rpdio
recgption

Note|1 to entry: For the analogue feceiver, the psychophysical annoyance of the interference is a subjgctive
quantity (audible or visual) usually-net a certain number of misunderstandings of a spoken text.

Note|2 to entry: For the digital receiver, the interference effect is an objective quantity that may be defined by the
critical bit error ratio (BER):or bit error probability (BEP) for that perfect error correction can still occur pr by
another, objective and reproducible parameter.

Note[3 to entry: Weighting of impulsive disturbance, for example.

3.1.241
weighted-disturbance measurement
megsurement of disturbance using a weighting detector

3.1.24.2

weighting characteristic

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

3.1.24.3
weighting detector
detector that provides an agreed weighting function

3.1.24.4
weighting factor
value of the weighting function relative to a reference PRF or relative to the peak value
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Note

1 to entry: Weighting factor is expressed in dB.

3.1.24.5

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

3.1.25
measurement
process of experimentally obtaining one or more quantity values that can reasonably be

attri
[SO

3.1.
test
tech
prod

Note
the it

[SO

3.1.
high

buUted 10 a quantity

JRCE: 2.1 of ISO/IEC Guide 99:2007 [9]2, modified — Notes 1 to 3 have been déleted.
P 6
nical operation that consists of the determination of one or more characteristics of a g

uct, process or service according to a specified procedure

1 to entry: A test is carried out to measure or classify a characteristic or,a'Qroperty of an item by applyi
em a set of environmental and operating conditions and/or requirementsr

URCE: IEC 60050-151:2001, 151-16-13 [10]]

p7
est internal frequency

highest frequency generated or used within thexEUT or the highest frequency at which

EUT

3.1.
mod
part

3.2
The

operates or tunes

P8
ule
of an EUT that provides a functiopvand may contain radio-frequency sources

Abbreviated terms

following abbreviationsy.not already provided in 3.1 are used in this standard.

iven

ng to

the

AM Amplitudesmodulation

APO Amplitude probability distribution
AV Average

BB Broadband

Cw Continuous wave

FFT Fast-Fourier transform

FM Frequency modulation

IF Intermediate frequency

ISM Industrial, scientific or medical
LPDA Log-periodic dipole array

NB Narrowband

NSA Normalized site attenuation
PRF Pulse repetition frequency

2 Figures in square brackets refer to the Bibliography.
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RBW Resolution bandwidth

RF Radio frequency

RGP Reference ground plane

QP Quasi-peak

TEM Transverse electromagnetic

UFA Uniform field area

VBW Video bandwidth

4 [Types of disturbance to be measured

4.1 | General

Thig clause describes the classification of different types of disturbance and\the detegtors

appropriate for their measurement.

4.2 | Types of disturbance

For physical and psychophysical3 reasons, dependent on the spectral distribution, measyring

recdiver bandwidth, the duration, rate of occurrence, and degree of annoyance during| the

assg¢ssment and measurement of radio disturbance, distinction’is made between the folloying
types of disturbance:

a) marrowband continuous disturbance, i.e. disturbance on discrete frequencies as| for
xample, the fundamentals and harmonics generated with the intentional application of RF
nergy with ISM equipment, constituting a frequéency spectrum consisting only of individual
pectral lines whose separation is greater than-the bandwidth of the measuring receivgr so
hat during the measurement only one linefalls into the bandwidth in contrast to b);

b) broadband continuous disturbance, which normally is unintentionally produced by| the

epeated impulses of, for example,\'commutator motors, and which have a repefjtion

requency that is lower than the bandwidth of the measuring receiver so that during
easurement more than one spectral line falls into the bandwidth; and

the

c) broadband discontinuous disturbance is also generated unintentionally by mechanical or

lectronic switching procedures, for example by thermostats or programme controls w
epetition rate lower than A Hz (click-rate less than 30/min).

The|frequency spectra’of items b) and c) are characterized by having a continuous spec
in the case of indiyidual (single) impulses and a discontinuous spectrum in case of repe
impuilses, both spectra being characterized by having a frequency range that is wider than
bandwidth of thesmeasuring receiver specified in CISPR 16-1-1.

4.3 Detector functions

th a

rum
hted
the

Depgending on the types of disturbance, measurements may be carried out using a measy

ring

receiver with:

a) an average detector generally used in the measurement of narrowband disturbance

and

b)

c)

signals, and particularly to discriminate between narrowband and broadband disturbance;

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

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

3 Psychophysical means psychological relationship between physical stimuli and sensory response.
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d) a peak detector that may be used for either broadband or narrowband disturbance
measurement.

Measuring receivers incorporating these detectors are specified in CISPR 16-1-1.

5 Connection of measuring equipment

Concerning the connection of measuring equipment, measuring receivers and ancillary
equipment such as antennas: the connecting cable between the measuring receiver and the
ancillary equipment shall be shielded and its characteristic impedance shall be matched to the
input Tmpedance of the measuring receiver. The oufput of the ancillary equipment shall be
terminated with the prescribed impedance.

6 |General measurement requirements and conditions

6.1 General
Radjo disturbance measurements shall be:

. eproducible, i.e. independent of the measurement location and environmental conditipns,
bspecially ambient noise; and
e {ree from interactions, i.e. the connection of the EUT, te/the measuring equipment s$hall
Influence neither the function of the EUT nor the accuracy of the measurement equipmlent.
Thege requirements may be met by observing the following conditions:

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

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

6.2 Disturbance not produced by the equipment under test
6.2.1 General

The|measurement signal*to-noise ratio with respect to ambient noise shall meet the folloying
reqyirements. Should the-spurious ambient noise level exceeds the required level, it shall be
recqdrded in the testreport.

6.2.2 Compliance (conformity assessment) testing

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

tr—the—case—of When evaluating compliance—measurement—according—te with a limit, the
ambient noise level is permitted to exceed the preferred —6 dB level provided that the level of

both ambient noise and source emanation combined does not exceed the specified limit. The

EUT is then con3|dered to meet the Imﬂ—@ther—aetrens—ean—atse—be—taken—ter—e*&mpte—

Further gurdance on measurement of dlsturbances in the presence of amblent emissions is
provided in Annex A.
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6.3 Measurement of continuous disturbance

6.3.1 Narrowband continuous disturbance

The receiver shall be kept tuned to the discrete frequency under investigation, and re-tuned if
the frequency fluctuates.

6.3.2 Broadband continuous disturbance

For [the assessment of broadband continuous disturbance whose level is not steady,| the
maximum reproducible measurement value shall be found. See 6.5.1 for further details.

6.3.3 Use of spectrum analyzers and scanning receivers

Spefrtrum analyzers and scanning receivers are useful for disturbance measuremgnts,
part|cularly in order to reduce measuring time. However, special consideration-must shall be
giveh to certain characteristics of these instruments, which include overload, linegrity,
selegtivity, normal response to pulses, frequency scan rate, sighal interception, sensitivity,
amplitude accuracy and peak, average and quasi-peak detection." These characteristics| are
congidered in Annex B.

6.4 | Operating-conditions-ofthe EUT EUT arrangement and measurement conditions

The|EUT shall be operated under the following conditiens.

6.4.1 Normalload conditions General arrangement of the EUT

6.4.1.1 General

Fhelnormaltload—conditions—shall- berdsdefined—in—themanufacturer's—product-specificgtion
—He+hoHRaH—10a36—CoRaHoRS——SAAH—PEe a5 ae ec—Hh—meMaRdacidrerSproadct—SpectHHcqtiohn
releVant—to—the EUT and for El & nNnnt o _covered as indicated in the manufactuler's
reteyaht—to—the—E=uo1+—ahRa—1o0F—E94S o+—SO0—CovVerea,—as cecatec—h—he aRtHaGtHdersS

Whgre not specified in the froduct standard, the EUT shall be configured as described below.

The| EUT shall be jnstalled, arranged and operated in a manner consistent with typical
applications. Wherg the manufacturer has specified or recommended an installation practice,
that|practice shalt\be used in the test arrangement, where possible. This arrangement shall be
typi¢al of normialdinstallation practice. Interface cables, loads, and devices shall be connefted
to af least ohe of each type of interface port of the EUT and, where practical, each cable shall
be termipated in a device typical of actual usage.

loads and dewces may have to be added to the EUT dependlng upon the results of
preliminary tests. Connecting a cable or wire to just one of that type of port may be sufficient.
The actual number of additional cables or wires may be limited to the condition where the
addition of another cable or wire does not significantly affect the emission level, i.e. varies
less than 2 dB, provided that the EUT remains compliant. The rationale for the selection of the
configuration and loading of ports shall be included in the test report.

Interconnecting cables should be of the type and length specified in the individual equipment
requirements. If the length can be varied, the length shall be selected to produce maximum
disturbance.

If shielded or special cables are used during the tests to achieve compliance, then a note
shall be included in the instruction manual advising of the need to use such cables.
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Excess lengths of cables shall be bundled at the approximate centre of the cable with the
bundles 30 cm to 40 cm in length. If it is impractical to do so because of cable bulk or
stiffness, the disposition of the excess cable shall be precisely noted in the test report.

The results of an evaluation of EUTs having one of each type of module can be applied to
configurations having more than one of each of those modules. This is permissible because it
has been found that disturbances from identical modules are generally not additive in
practice. However, the 2 dB criteria defined in this clause shall be applied.

Any set of results shall be accompamed by a complete descrlptlon of the cable and equment

q@,m
inst uctions to the user.

Equ|pment that is populated with multiple modules (drawer, plug-in card, bodnd; etc.) sha|l be
test¢d with a mix and number representative of that used in a typical instaffation. The number
of afditional boards or plug-in cards of the same type may be limited t6]ﬂ1e condition where
the pddition of another board or plug-in card does not significantly g\ffgct the emission lgvel,
i.e. varies less than 2 dB, provided that the EUT remains complignt.* The rationale usedq for
selecting the number and type of modules shall be stated in the Q@Teport.

&

A system that consists of a number of separate units sh Iﬁe configured to form a minignum
representative configuration. The number and mix of unjtssincluded in the test configurgtion
shall be representative of that used in a typical mstal@tlon The rationale used for selegting
unit$ shall be stated in the test report. Q

At lgast one module of each type shall be op &e in each equipment evaluated in an BEUT.
For p system EUT, at least one of each type of, equipment that can be included in the posgible
system configuration shall be included in thﬁ.\EUT.

The|EUT position relative to the RG \gﬁall be equivalent to that occurring in use. Therefore,
floor-standing equipment is place{@n but insulated from, a RGP, and tabletop equipmept is
placed on a non-conductive tabL%
\0
Equ|pment designed for wa(a!nounted or ceiling mounted operation shall be tested as tablptop
EUT|. The orientation of eeqU|pment shall be consistent with normal installation practice

Combinations of tl@) equipment types identified above shall also be arranged in a mapner
congistent with al installation practice. Equipment designed for both tabletop and floor
standing op ion shall be tested as tabletop equipment unless the usual installation is floor
standing,% that arrangement shall be used.

The @s of S|gnal cables attached to the EUT that are not connected to another unjt or
aUX| Idly Uqulplllclll blldll L}U lUIIIIIIIdLUU ublllu LIIU bUIIUbL LCIIIIIIIdLIIIy IIIIPCUdIIbU UUIIII d in
the product standard.

Cables or other connections to associated equipment located outside the test area shall drape
to the floor, and then be routed to the place where they leave the test volume.

Auxiliary equipment shall be installed in accordance with normal installation practice. Where
this means that the auxiliary equipment is located on the test site, it shall be arranged using
the same conditions applicable for the EUT (e.g distance from ground plane and insulation
from the ground plane if floor standing, and layout of cabling).
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6.4.1.2 Tabletop arrangement

Equipment intended for tabletop use shall be placed on a non-conductive table. The size of
the table will nominally be 1,5 m by 1,0 m, but may ultimately be dependent on the horizontal
dimensions of the EUT.

All units forming the system under test (including the EUT, connected peripherals and
auxiliary equipment or devices) shall be arranged according to normal use. Where not defined
in the normal use, a nominal 0,1 m separation distance between the neighbouring units shall
be defined for the test arrangement.

Intrg-unit cables shall be draped over the back of the table. If a cable hangs closer tha 4 m

to the horizontal ground plane (or floor), the excess shall be folded at the cable ce ifto a
bungle no longer than 0,4 m, such that the bundle is at least 0,4 m above the horizontal R5P.
Q’\
Cables shall be positioned as for normal usage. (‘1/
e

If the mains port input cable is less than 0,8 m long, (including powe g»{)plies integratdd in
the mains plug) an extension cable shall be used such that the exte& | power supply unit is
placed on the tabletop. The extension cable shall have characteristics similar to the mpins
cable (including the number of conductors and the presence Q ground connection).|The
extgnsion cable shall be treated as part of the mains cable.

In the above arrangements, the cable between the Euénd the power accessory shall be
arrahged on the tabletop in the same manner as ot cables connecting components of the

EUT|.
<

N
6.4.1.3 Floor-standing arrangement ‘\\}

The[EUT shall be placed on the horizon!é{\RGP, orientated for normal use, but separpted
from metallic contact with the RGP by u 15 cm of insulation.

\>
The| cables shall be insulated ( p to 15 cm) from the horizontal RGP. If the equipment
reqires a dedicated ground an ection, then this shall be provided and bonded to| the
horigontal ground plane. ‘\\0

en units forming the EUT or between the EUT and auxifiary

0, but remain insulated from, the horizontal RGP. Any excess g¢hall

eith¢r be folded e cable centre into a bundle no longer than 0,4 m or arranged [in a

sergentine fashjdp.-If an intra-unit cable length is not long enough to drape to the horizgntal

RGR but drap% loser than 0,4 m, then the excess shall be folded at the cable centre infto a
r

Intrg-unit cables (bet
equipment) shall dr

bungle no than 0,4 m. The bundle shall be positioned such that it is either 0,4 m aljove
the hori I RGP or at the height of the cable entry or connection point if this is within 0f4 m
of the izontal RGP.

AN

For equipment with a vertical cable riser, the number of risers shall be typical of installation
practice. Where the riser is made of non-conductive material, a minimum spacing of at least
0,2 m shall be maintained between the closest part of the equipment and the nearest vertical
cable. Where the riser structure is conductive, the minimum spacing of 0,2 m shall be
between the closest parts of the equipment and riser structure.

6.4.1.4 Combinations of tabletop and floor-standing equipment arrangement

Intra-unit cables between a tabletop unit and a floor standing unit shall have the excess
folded into a bundle no longer than 0,4 m. The bundle shall be positioned such that it is either
0,4 m above the horizontal RGP or at the height of the cable entry or connection point if this is
within 0,4 m of the horizontal RGP.
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6.4.2 Operation of the EUT

The operating conditions of the EUT shall be determined by the manufacturer according to the
typical use of the EUT with respect to the expected highest level of emission. The determined
operational mode and the rationale for the selected operating conditions shall be stated in the
test report.

The EUT shall be operated within the rated (nominal) operating voltage range and typical load
conditions (mechanical or electrical) for which it is designed. Actual loads should be used
whenever possible. If a simulator is used, it shall represent the actual load with respect to its
radio frequency and functional characteristics.

The|test programmes or other means of exercising the equipment should ensure thatyarious
parts of a system are exercised in a manner that permits detection of all system djsttirbang¢es.

6.4.3 EUT time of operation

The|time of operation shall be, in the case of EUTs with a given rated” operating time, in
accordance with the marking. In all other cases, the-time—is—neotrestricted EUT shall be
confinuously operated throughout the test.

6.4.4 EUT running-in time

No gpecific running-in time, prior to testing, is given, but the EUT shall be operated fpr a
sufficient period to ensure that the modes and conditions of operation are typical of those
during the life of the equipment. For some EUTs, spetial test conditions may be prescribgd in

the relevant-equipment-publications product standatds”

6.4.5 EUT supply

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

6.4.6 EUT mode of operation

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

6.4.y Operation’ of multifunction equipment

Mulfifunctien_gquipment which is subjected simultaneously to different clauses of a profduct
stanldard; and/or different standards, shall be tested with each function operated in isolatign, if
this |cah be achieved without modlfymg the equment internally. The equipment thus tepted
hen

each functlon has satisfied the reqwrements of the relevant clause and/or standard

For equipment where it is not practical to test with each function operated in isolation, or
where the isolation of a particular function would result in the equipment being unable to fulfil
its primary function, or where the simultaneous operation of several functions would result in
saving measurement time, the equipment shall be deemed to have complied if it meets the
provisions of the relevant clause and/or standard with the necessary functions operated.

6.4.8 Determination of arrangement(s) causing maximum emissions

Initial testing shall identify the frequency that has the highest disturbance relative to the limit.
This identification shall be performed while operating the EUT in typical modes of operation
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and with cable positions in a test arrangement that is representative of typical installation
practice.

The frequency of highest disturbance with respect to the limit shall be found by investigating
disturbances at a number of significant frequencies. This provides confidence that the
probable frequency of maximum disturbance has been found and that the associated cable,
EUT arrangement and mode of operation has been identified.

For initial testing, the EUT should be arranged in accordance with the product standards as
appropriate.

6.4.9 Recording of measurements
Of those disturbances above (L — 20 dB), where L is the limit level in logarithmic units) the

distyrbance levels and the frequencies of at least the six highest disturbane€s shall be
recqrded.

For [radiated disturbances, the antenna polarization and height for each’ feported disturbgnce
shal| be recorded.

6.5 | Interpretation of measuring results

6.5.1 Continuous disturbance

a) If the level of disturbance is not steady, the reading onthe measuring receiver is obsefved
r at least 15 s for each measurement. The highest readings shall be recorded, with the
xception of any isolated clicks, which shall be ignored (see 4.4 of CISPR 14-1:2016).

b) If the general level of the disturbance is not'steady, but shows a continuous rise or fgll of
ore than 2 dB in the 15 s period, then_the disturbance voltage levels shall be obsefved
r a further period and the levels shall be interpreted according to the conditions of
ormal use of the EUT, as follows:

1) if the EUT is one that may be-switched on and off frequently, or the direction of rotgtion
of which can be reversed,.then at each frequency of measurement the EUT should be
switched on or reversedijust before each measurement, and switched off just after
each measurement. Theé maximum level obtained during the first minute at gach
frequency of measurement shall be recorded;

FNEY
~

if the EUT is one. that in normal use runs for longer periods, then it should refnain
switched on fon'the period of the complete test, and at each frequency the lev¢l of
disturbancelshall be recorded only after a steady reading (subject to the provision|that
item a) has\been obtained).

the pattern of the disturbance from the EUT changes from a steady to a random
haracter”part way through a test, then that EUT shall be tested in accordance
ith item b).

easurements are taken throughout the complete spectrum and are recorded at least at
the frequency with maximum reading and as required by the relevant CISPR publication.

6.5.2 Discontinuous disturbance

There is currently no requirement for the measurement of radiated discontinuous
disturbances.

6.5.3 Measurement of the duration of disturbance

The duration of a disturbance shall be known in order to measure it correctly and to determine
if it is discontinuous. The duration of a disturbance may be measured in one of the following
ways:
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e through the connection of an oscilloscope to a measuring receiver's IF output to allow
monitoring of the disturbance in the time-domain;

e through the tuning of either an EMI receiver or a spectrum analyzer to the disturbance
frequency without frequency scanning (i.e. ‘zero-span’ mode) to allow monitoring of the
disturbance in the time-domain; or

e through the use of the time-domain output of an FFT-based measuring receiver.

Guidance for the determination of the appropriate measurement time can be found in 8.3.

6.6

Measurement times and scan rates for continuous disturbance

6.6.

General

For both manual measurements and automated or semi-automated measurements, meagure-

ment times and scan rates of measuring and scanning receivers shall be set so~as to meapgure
the |maximum emission. Especially, where a peak detector is used fof |pre-scans,| the
megasurement times and scan rates have to take the timing of the emission under test|into
account. More detailed guidance about performing automated measurements can be fqund
in Clause 8.
6.6.2 Minimum measurement times
Cladse B 7 nrovides a3 tahle of the minimum - sween timas or the fastast nractieally
Clause B.7 provides a table of the minimum sweep times or the fastest practigally
achievable — scan rates.
The[minimum measurement (dwell) times are givenn Table 1. From Table 1, the minimum
scan times for measurements over a complete .€ISPR band have been derived in Table 2.
These minimum measurement (dwell) times forsganning receivers and FFT-based measyring
instiluments in Table 1 and the scan times fgr spectrum analyzers in Table 2 apply to|CW
signals.
In dddition, the test report shall ingfdde the value of the measurement instrumentation
uncertainty corresponding to the tused test set-up, calculated as per the requirements of
CISPR 16-4-2.
Table 1 — Minimum measurement times for the four CISPR bands
Frequency band Minimum
measurement time 7,
A 9 kHz to 150 kHz 10,00 ms
B 0,15 MHz to 30 MHz 0,50 ms
Cand D 30 MHz to 1 000 MHz 0,06 ms
E 1 GHz to 18 GHz 0,01 ms
Table 2 — Minimum scan times for the three CISPR bands
with peak and quasi-peak detectors
Scan time T, for Scan time T, for
S S
Frequency band peak detection quasi-peak detection
A 9 kHz to 150 kHz 14,1s 2820 s = 47 min
B 0,15 MHz to 30 MHz 2,985s 5970 s = 99,5 min = 1 h 39 min
Cand D 30 MHz to 1 000 MHz 0,97 s 19 400 s = 323,3 min = 5 h 23 min

Fhe-scan-times-inTable1-apply-to-the-measurement-of- C\W-sigrals- Depending on the type of

disturbance, the scan time may have to be increased — even for quasi-peak measurements. In
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extreme cases, the measurement time 7\, at a certain frequency may have to be increased to
15 s, if the level of the observed emission is not steady (see 6.5.1). However isolated clicks
are excluded.

Scan rates and measurement times for use with the average detector are given in Annex C.

Most product standards call out quasi-peak detection for compliance measurements, which
can be very time-consuming if time-saving procedures are not applied (see Clause 8). Before
timesaving procedures can be applied, the emission has to be detected using a pre-scan. To
ensure that, e.g. intermittent signals are not missed during an automated scan, the

considerations—in-6-6-3-to6-6-5-shallbeaccountedfor———

6.6.
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Intervals between pulses for intermittent signals;

8 Scan rates for scanning receivers and spectrum analyzers

of two conditions needs to be met to ensure that signals are not_missed du
mated scans over frequency spans:

or a single sweep: the measurement time at each frequency-must stiall be larger thar

or multiple sweeps with maximum hold: the observation time at.each frequency shoul
sufficient for intercepting intermittent signals.

frequency scan rate is limited by the resolution bandwidth) of the instrument and the v

ring

the

H be

deo

jwidth setting. If the scan rate is chosen too fast for the. given instrument state, errongous

surement results will be obtained. Therefore, a sufficiently long sweep time needs t
ben for the selected frequency span. Intermittent signals may be intercepted by eith

pver. The observation time shall becselected according to the periodicity at
fering signals occur. In some cases, the sweep time may have to be varied in ord
d synchronization effects.

n determining the minimum ‘sweep time for measurements with a spectrum analyze
ning EMI receiver, based-an a given instrument setting and using peak detection,
rent cases have to be distinguished. If the video bandwidth is selected to be wider
resolution bandwidth, the following expression can be used to calculate the minin
Eep time:

Af
Tsmin =&X 2
res

re

D be
ra

e sweep with sufficient observation time at.edch frequency or by multiple sweeps |with
imum hold. Usually for an overview over, unknown emissions, the latter will be highly
ient: as long as the spectrum response changes, there may still be intermittent signals to

hich
r to

r or
two
han
hum

Ts min iD ure mlllllllum O‘V‘V‘UUp

+h HA-HAA $ion
L

Af is the frequency span,

&

res

is resolution bandwidth, and

is a constant of proportionality, related to the shape of the resolution filter;
this constant assumes a value between 2 and 3 for synchronously-tuned,
near-Gaussian filters. For nearly rectangular, stagger-tuned filters, £ has a

value between 10 and 15.

If the video bandwidth is selected to be equal to or smaller than the resolution bandwidth, the

follo

wing expression can be used to calculate the minimum sweep time:
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&
> mn Bres Byideo
where B, 4., is the video bandwidth.

Most spectrum analyzers and scanning EMI receivers automatically couple the sweep time to
the selected frequency span and the bandwidth settings. Sweep time is adjusted to maintain a
calibrated display. The automatic sweep time selection can be overridden if longer
observation times are required, e.g. to intercept slowly varying signals.

In addition, for repetitive sweeps, the number of sweeps per second will be determined by the
swepp time Ty i, and the retrace time (time needed to retune the local oscillator and-to dtore
the measurement results, etc.).

6.6.4 Scan times for stepping receivers

Stepping EMI receivers are consecutively tuned to single frequencies using predefined gtep
sizeg. While covering the frequency range of interest in discrete frequency steps, a minitnum
dwel|l time at each frequency is required for the instrument to acCurately measure the input
signjal.

For [the actual measurement, a frequency step size aof “roughly 50 % of the resolytion
bangdwidth used or less (depending on the resolution (filter shape) is required to reduce
megsurement uncertainty for narrowband signals-due to the step-width. Under these
assymptions the scan time T for a stepping receiver can be calculated using the folloywing

; min
equation:
Af
Tsmin = Tmmin X == 3
smin mmin O,SBreS ( )
whefe Ty, min is the minimum measurement (dwell) time at each frequency.

In addition to the measurement time, some time has to be taken into consideration forl the
synthesizer to switch to thenext frequency and for the firmware to store the measurement
resylt, which in mostwmeasuring receivers is automatically done so that the selefted
megsurement time is-the' effective time for the measurement result. Furthermore, the selegted
detgctor, e.g. peak(or-quasi-peak, determines this time period as well.

For [purely breadband emissions, the frequency step size may be increased. In this case]| the
objective is to/find the maxima of the emission spectrum only.

6.6.9 Strategies for obtaining a spectrum overview using the peak detector

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

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

— swept scan: the measurement time—must shall be larger than the intervals between
intermittent signals (single sweep) and the number of frequency scans during the
observation time should be maximized to increase the probability of signal interception.
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Figure 1, Figure 2, and Figure 3 show examples of the relationship between various time-
varying emission spectra and the corresponding display on a measuring receiver. In each
case, the upper part of the figure shows the position of the receiver bandwidth as it either
sweeps or steps through the spectrum.

Repetitive sweeps with maximum hold

BB

NB |
/KIFbandwitiith / Tm% * T, «
>
: : P : PN : : ‘
<—E1st swéep—> <—§—2nd swe:ep—b 4—3rd sweep:—b <—E4thjsweep§—> <E—5th s:weep—é—b
sphotrum| |
T | | ‘ | | ‘ | ‘ | | |
| | | l ||||| |I|| ||; X
t,
EC
Key:
T, ig the pulse-repetition interval of the impulsive signal. A pulse occurs at each vertical line of the spectrum

<

brsus time display (upper part of the figure).

Figure 1 — Measurement of a combination of a CW signal (NB) and an impulsive
signal\(BB) using multiple sweeps with maximum hold

If the type of emission is unknown, multiple sweeps with the shortest possible sweep time|and
peak detection.facilitate determining the spectrum envelope. A short single sweep is suffigient
to measure the continuous narrowband signal content of the EUT spectrum. For contingious
brogdband*and intermittent narrowband signals, multiple sweeps at various scan rates usiphg a
“maximum,shold” function may be necessary to determine the spectrum envelope. For|low
repegtition impulsive signals, many sweeps will be necessary to fill up the spectrum enve|ope

ft'-wn hroadbhand comnanan +
(0] CoTroaCGooG—CoOTm PO e

The reduction of measurement time requires a timing analysis of the signals to be measured.
This can be done either with a measuring receiver that provides a graphical signal display,
used in zero-span mode or using an oscilloscope connected to the IF or video output of the
receiver, and with an example shown in Figure 2.
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NOTE Disturbance from a d.c. collector motor; due to the number of collector segments, the pulse repdtition
frequency is high (approximately 800 Hz) and the pulse amplitude varies corsiderably. Therefore for this exa
the recommended measurement (dwell) time with the peak detector is >10-ms;

Fron

Figure 2 — Example of a timing)analysis

detdrmined and scan rates or dwell times selected;, and according to the following:

r the selected instrument settings may_be used;

r pure continuous broadband (disturbances, e.g. from ignition motors, arc wel
quipment, and collector motors,-a'stepped scan (with peak or even quasi-peak detec

type of disturbance is used to_draw a polyline (piecewise) curve as the spectrum enve
see Figure 3). The step:size shall be chosen so that no significant variations in
gpectrum envelope are ‘missed. A single swept measurement, if performed slowly eno
will also yield the spectrum envelope;

sweeps involvingja “maximum hold” function (see Figure 4) or a slow single sweep ma
dsed. A timingranalysis may be required prior to the actual measurement to ensure pr
gignal intetception;

i
{&nalysis procedures, as described in CISPR 16-1-1.

nple,

n such a timing analysis, pulse durations and’ pulse repetition frequencies carl be

r continuous unmodulated narrowband disturbances, the fastest scan time possible

ding
ion)

r sampling of the emission.spectrum may be used. In this case the knowledge of| the

ope
the
Ligh,

for intermittent (narrowband disturbances with unknown frequencies either fast ghort

i be
bper

intermittent broadband disturbances shall be measured with discontinuous disturbance
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Stepped scan for spectrum sampling
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£ The measurement (dwell) time T, shall be longer than the pulse repetition interval Tp, which is the in
pulse repetition frequency.

Figure 3 — A broadband spectrum’measured with a stepped receiver
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6.6.
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segments. The(total scan time for the frequency range of interest T

ure 4 — Intermittent narrowband disturbances measured using fast short repetit
eeps with maximum hold.function to obtain an overview of the emission spectry

B Timing considerations using FFT-based instruments

Fbased measuring jnstruments may combine the parallel calculation at N frequencies
bpped scan. Forithis purpose the frequency range of interest is subdivided into a nun
pgments Nggi\that are scanned sequentially. The procedure is shown in Figure 5 for t

can IS calculated as:

T,

sean

=Ty N,

seg

IEC

bulse

ve
m

and
hber
hree

where
T is the measurement time for each segment, and
Ngeg is the number of segments.

FFT-based measuring instruments may also provide methods to improve the frequency
resolution across a given frequency range. In general, an FFT-based measuring instrument
will have a fixed frequency step fstep FFT that is determined by the number of frequencies of
the FFT. Increased frequency resolution is achieved by performing repeat calculations over a
given frequency range. For each repeat calculation, the lowest frequency is incremented by a

frequency step, fsiep final-
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ce the first calculation over the given frequency range considers the following
frequencies:

+fstep FFT:
+ 2fstep FFT:
+ 3fstep FFT---

The second calculation over the given frequency range considers the following frequencies:

fmin + ﬂ‘t p-Hhat
fmin +fstep final +fstep FFT> A
Jmin +f§tep final T 2f§tep FFT> Qy
fmin +fstep final T 3fstep FFT--- @
Q’\
Thig procedure, applied for a step ratio of 3, is displayed in Figure 6. f‘l/
. _ =
The|scan time T.,, is calculated as: Q)fl/
i N
step FFT <2~
Tscan =Tm ———— Q (5)
fstepfinal GJ
¢
whefe .
. . O
T is the measurement time, and Q
Jstep FFT . . Q
D is the step ratio. Q
Jstep final \§\
For p system that combines both methods th@‘%an time Ty, is calculated as:
$
fstep FFT
Tscan = TmNseg - X ®$ 6)
f \)
step final Q)
NOTE 1 FFT-based measuring instrumé&@ may combine both methods, the stepped scan as well as a methpd to
imprgve the frequency resolution. \{~
.\0

NOTE 2 Additional backgroun Q}formation on the definition of the FFT-based receiver can be found in
CISPR TR 16-3 [3]. .

.
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Figure 5 — FFT scan in segments
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Figure 6 — Frequency resolution enhanced
by FFT-based measuring instrument

7 Measurement of radiated disturbances

7.1 Introductory remarks

This clause sets forth the general procedures for the measurement of the field strength of
radio disturbance produced by devices and systems. Experience with radiated disturbance
measurements is less extensive than that of voltage measurements. The radiated disturbance
measurement procedures are therefore open to revision and extension as knowledge and
experience are accumulated. In particular, attention shall be given to the effect of leads and
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cables associated with the EUT. Table 3 provides a summary list of CISPR radiated emission
test sites and test methods and the related cross-references to subclauses within this
document or to other documents.

For some products, it may be required to measure the electric, the magnetic, or both
components of the radiated disturbance. Sometimes a measurement of a quantity related to
radiated power is more appropriate. Normally measurements should be made of both the
horizontal and vertical components of the disturbance with respect to the reference ground
plane. The results of measurements of either the electric or magnetic components may be
expressed in peak, quasi- peak, average or rms values.

The| magnetic component of the disturbance is normally measured at frequencies. up to
30 NMIHz. In magnetic field measurements only the horizontal component of the field af the
position of the receiving antenna is measured when using the distant antenna procedure. If
the |oop antenna system (LAS) is used, the three orthogonal magnetic dipole moments of the
EUT| are measured. (Note that in the single antenna method, the horizontal cgmponent of the
field at the position of the antenna is determined by the horizontal and” vertical dipole
moments of the EUT because reflection plays a part.)

Table 3 — Applicable frequency ranges and document references
for CISPR radiated emission test sites and test.methods

Site / method 9 kHz to 30 MHz 30 MHz to 1000 MHz 1 GHz to 18 GHZ
Outdpor site tbd 738 n/a
LAS 7.2 n/a n/a
OAT$ or SAC tbd 7.3 n/a
FAR n/a 7.4 7.6
Comimon RE/RI n/a 7.5 n/a
(RI start 80 MHz)
Absofber-lined OATS n/a n/a 7.6
In-situ 7.7.2 7.7.3,7.74.2 7.7.3,7.7.43
Substitution n/a 7.8 7.8
Revefrberation chamber n/a 7.9 7.9
(Start 80 MHz)
TEM|waveguide IEC 61000-4-20 7.10 7.10

n/a = not applicable; tbd_= to be determined or is under consideration

7.2 | Loop-antenna system measurements (9 kHz to 30 MHz)

7.2.1 General

The |loop’antenna system (LAS) considered in this subclause is suitable for indoor measuremept of
the magnetic field strength emitted by a single EUT in the frequency range 9 kHz to 30 MHz.
The magnetic field strength is measured in terms of the currents induced into the LAS by the
magnetic disturbance field of the EUT. The LAS shall be validated regularly using the method
described in CISPR 16-1-4. CISPR 16-1-4 also gives a complete description of the LAS and a
relation between the measuring results obtained with the LAS and those obtained as
described in this subclause.

7.2.2 General measurement method

Figure 7 shows the general concept of measurements made with the LAS. The EUT is placed
in the centre of the LAS. The current induced by the magnetic field from the EUT into each of
the three large loop antennas of the LAS is measured by connecting the current probe of the
large loop antenna to a measuring receiver (or equivalent). During the measurements, the
EUT remains in a fixed position.
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Figure 7 — Concept of magnetic field induced current measurements made
with the loop antenna system

Test environment

The distance between the outer perimeter of the LAS and nearby objects, such as floor and

walls

, shall be at least 0,5 m. The currents induced in the LAS by an RF ambient field shall be

judged in accordance with CISPR 16-1-4.
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7.2.4 Configuration of the equipment under test

To avoid unwanted capacitive coupling between the EUT and the LAS, the maximum
dimensions of the EUT shall allow a distance of at least 0,20 m between the EUT and the
standardized 2 m large loop antennas of the LAS.

The position of the mains lead shall be optimized for maximum current induction. In general,

this

position will not be critical when the EUT complies with the conducted emission limit.

In case of a large EUT, the diameter of the loop antennas of the LAS may be increased up to

4 m

a)

In that case-

he current values measured shall be corrected in accordance with Clause. B.
CISPR 16-1-2:2014; and

6 of

the

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

7.2.5 Measurement uncertainty for LAS

Gengeral and basic considerations about uncertainties of emission measurements are givgn in

CISPR 16-4-1.

7.3 [ Open-area test site or semi-anechoic chamber measurements (30 MHz to 1 GH

7.3.1 Measurand

The|quantity to be measured is the maximum electpic/field strength emitted by the EUT
fungtion of horizontal and vertical polarization and, at heights between 1 m and 4 m, and
horizontal distance of 10 m from the EUT, over:all angles in the azimuth plane. This quaptity

sha

a)
b)

c)

g)
h)

Il be determined with the following provisions:

{he frequency range of interest is 30.MHz to 1 000 MHz;
@inits used to express the limit leyels for this quantity;

applicable CISPR validation requirements;
h measuring receiver compliant with CISPR 16-1-1 shall be used;

f
e considered as;jalternative measurement methods;

the measurement distance is the horizontal projection of the distance between
boundary-0of the EUT and the antenna reference point to the ground plane;

the EUT™is configured and operated in accordance with the CISPR specifications;

free=space antenna factors shall be used.

S a
at a

the quantity shall be expressed.in~terms of field strength units that correspond withl the

h SAC/OATS measurementsite and positioning table shall be used that complies witH the

he use of alternative measurement distances, such as 3 m or 30 m instead of 10 m, ¢hall

the

The measurand E is derived from the maximum voltage reading ¥, by using the free-space
antenna factor F,:
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E=V +A4,+F, (7)
where
E is the field strength in dB(uV/m) as in the measurand description;

V. is the maximum received voltage in dB(pV) using the procedure as in the
measurand description;

AL IS The 10SS In db OoT the measuring cable between antenna and receiver;

E is_the f £ £ 4 . . |E£ .4%

)

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

In aph EMC disturbance measurement the electric field strength is required at a given distgnce
from the boundary of the EUT. The test distance is measured from, the reference point of the
antgnna to the boundary of the EUT (see Figure 8). In the casg)of a difference between the
refefence point on an antenna and the phase centre, a corrgetion factor may be appligd to
obtqin the field strength at the test distance.

NOTE 1 See also 7.5.2.2 and A.6.2 of CISPR 16-1-6:2014 [2]¢about corrections of field strength resulfs for
anterpna phase centre variations.

Turntable

J Test table

Reference point of
antenna calibratior]

Boundary of EUT
(imaginary circular periphery)

Measurement distance

- ——— =

A A

IEC

Figure 8 — Measurement distance

As an example, consider a typical log-periodic dipole array (LPDA) antenna that has a
separation of approximately 0,6 m between the dipole that is responsive to the field at
200 MHz and the dipole that is responsive at 1 000 MHz. For the measurement of the
emission at a distance 4 = 3 m from the EUT, at a frequency of 200 MHz, the electric field
strength will be measured at a distance of approximately 3,3 m from P2 in Figure 9, according
to the value of d from Equation (11), where P2 is the boundary of the EUT.

phase
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For a given frequency, the following correction, AE in dB, shall be added to the measured
electric field strength:

d,
AE =20 %@J (®)

Referring to Figure 9 the distance from P2 to the resonant element at a given frequency is
dphase given by Equation (9). Point P1 is the manufacturer’'s mark or the centre of the
antenna dqyp is the distance from the tip of the antenna to P1 and d,,is the distance from the
tip of the antenna to the phase centre position at frequency 1.

dphase =d +(d1y —dp) Q}/ (9)
©
whefe N
S
1+ = lin dmax — dimi RoX
d1f _ (f mln)( max mln) +dmin (l// (10)
lmax _lmin '\%'

Ly is the length of the dipole element that is nomina@sonant at frequency fin
‘ MHz and is equal to 0,9 x 150/f in m, where OC% a generic shortening

factor due to the finite radius of the dlpole [1(}

dipoles are resonant at approxi ly the upper and lower operating

minf@nd /2« are lengths of the dipoles having mgn@m and maximum lengths (i.e.| the
frequencies, respectively); Q

and d are the distances from the miniiQDm and maximum length dipoles to the

antenna tip, respectively. %)

min max

For hybrid antennas the phase center p tlon dphase is determined using information supplied
by the antenna manufacturer. In ca %@f tabular form the antenna manufacturer shall proyvide
dq,fpr the frequency range 100 MI—% 300 MHz with a maximum frequency step of 20 MHz.

It islassumed in Equation (&{S\lgt the field point is in the far-field of the antenna. In a near-
field situation, usually for s than half a wavelength, the measurement for 4, pr [see
Equption (35) of CISP 16 1-4:2010/AMD1:2012) takes near-field effects into account.| For
morg detail, includin &rectlons for tapered LPDA sections of hybrid antennas, see 7.9.2.2
of QISPR 16-1-6:2 [2] Linear interpolation is used to estimate the phase centre posjtion
for frequencies bgtween the resonant frequencies of the elements at the ends of the opergting
freqpency ran@

If al ph Oc:entre correction is not applied it shall be considered in the measurement
instr|u ation uncertainty budget in accordance with CISPR 16-4-2.

N

NOTE 2 The antenna calibration laboratory may provide the electric field strength correction for specific
measurement distances (e.g. 3 m and 10 m) by equivalent corrections of the antenna factor for these distances.
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——  dmax

}
1

7.3.

The
elec

7.3.

Figy
sem
rece

------------ S S
| N
| ]
: P1 [T P2
Imax ! Lenia L EUT
: | | t l |
____________ s
e e s
| < d >
I: dphase ;I
e Marked or mid-point for s=snnns Position of a hypothetical element
antenna positioning resonant at frequency f

Figure 9 — Separation distance relative to"the phase centre of an LPDA antenna

p Test site requirements

test site shall conform to the relevant specifications of CISPR 16-1-4 for its physical
trical properties, and for its validation.

B General measurement method

re 10 shows the concept of measurements made on an open-area test site (OATS) or
i-anechoic chamber (SAC) with the direct and ground reflected rays arriving at
iving antenna.

and

in a
the
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Receiving antenna

Direct ray
Measuring
receiver
EUT
Reflected ray
Supporting
table
/
Groundplane IEC

Figure 10 — Concept of electric field strength measurements made on an open-area fest
ite (OATS) or semi-anechoic chamber (SAC) showing the-direct and reflected rayjs
arriving at the receiving antenna

(7]

The| EUT is configured at a specified height above the.ground plane and configurefd to
represent normal operating conditions. The antenna is’ positioned at the specified separgtion
distance. The EUT is rotated in the horizontal plane)and the maximum reading noted. |The
height of the antenna is adjusted so that the direct and reflected rays approach or meeft in-
phase addition. The procedural steps may be ,interchanged and may need to be repeatdd to
find|the maximum disturbance. For practical reasons, the height variation is restricted, pnd,
thergfore, perfect in-phase addition may notcbe achieved.

7.3.4 Measurement distance

An EUT subject to a radiated disturbance limit at a specified distance should be measurgd at
that| distance unless to do so:Nwould be impractical because of equipment size, etc. [The
megsurement distance is theldistance between the projection of closest point of the EU[T to
the antenna and the projection of the calibration reference point of the antenna on the grqund
plane. If the antenna reference point is not specified in the antenna calibration report, for|log-
peripdic antennas thereference point is a point along the horizontal antenna boom midway
between the dipol€ elements that correspond to a half wavelength at the centre frequengy of
antgnna frequengy. range.

NOTE The centre frequency is defined by:4og 19 (o) = (106 19 [ #7408 19 fr1ax)/25 frantre = 10108 10 (Fcentre),

A digtahce of 10 m is preferred at most outdoor sites since at this distance the expected level
of thendisturbance being measured is sufficiently above the general ambient noise levél to
permit useful testing. Distances of less than 3 m or greater than 30 m are not generally used.
If a measurement distance other than the specified distance is necessary, the results should
be extrapolated using the procedures specified in the product standards. If no guidance is
given, suitable justification for extrapolation shall be provided. In general, extrapolation does
not follow a simple inverse distance law.

Where possible, measurement should be made in the far field. The far-field region may be
defined by the following conditions. The measurement distance d is selected so that:

a) d > A/6. At this distance E/H = Z; = 120 n = 377 Q, that is electrical and magnetic field
strength components are perpendicular to each other, and the measurement error is in the
order of 3 dB if the EUT is regarded as being a tuned dipole antenna; or
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c)
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d > 1, a condition for a plane wave, where the error is in the order of 0,5 dB if the EUT is
regarded as a tuned dipole antenna; or

d > 2D?/ 1, where D is the largest dimension of either the EUT or the antenna determining
the minimum aperture for the illumination of the EUT, which applies to cases, where

D >> A.

5 Antenna height variation

For electric field-strength measurements, the antenna height above the ground plane shall be
varied within a specified range to obtain the maximum reading that will occur when the direct
and reflected rays are in phase. As a general rule, for measurement distances up to and
inclyding 10 m, the antenna height for electric field strength measurements shall be_vy3gried
between 1 m and 4 m. At greater distances of up to 30 m, preferably the height shall be vdried
between 2 m and 6 m. It may be necessary to adjust the minimum antenna height alpove
groynd down to 1 m in order to maximize the reading. These height scans apply for poth
horizontal and vertical polarization, except that for vertical polarization, the . minimum hgight
shall be increased so that the lowest point of the antenna clears the site ground surface hy at

least 25 cm.

7.3.
7.3.

J Product specification details

5.1 General

In agdition to specifying the detailed measurement method and the disturbance parametefs to

be measured, the product standards shall include other relevant details as outlined below.

7.3.

5.2 Test environment

The(influence of the test environment shall be‘considered so as to ensure correct functioping
of the EUT. Important parameters in the (physical environment shall be specified, |e.g.

temperature and humidity.

Thelelectromagnetic environment needs special consideration to ensure accurate disturbance
megsurements. The ambient radio(noise and signal levels measured at the test site with the
EUT| de-energized should be at_I€ast 6 dB below the limit. It is recognized that this is| not
alwgys realizable at all frequéncies. However, in the event that the measured levels off the
ambient plus EUT radio noise emissions are not above the limit, the EUT shall be considered
to bg in compliance with the limit. See 6.2.2 and Annex A for further guidance about ambient

levels and resulting méasurement errors.

If the ambient field-strength level at frequencies within the specified measurement ranges, at

the

used to shol compliance of the EUT:

a)

Specified Measurement distance, exceeds the limit(s), the following alternatives may be

erform measurements at a closer distance and extrapolate results to the distance at

thh the I|m|t is speC|f|ed JFhe—e*tnaeeJaﬂen—ﬁe#meHa—s#%ae—as—Feeemmended—by—the

d—rsfeaﬂees— Extrapolate the results usmg one of the foIIowmg methods

1) determine L, corresponding to the close-in distance d, by applying the relation
L, = Ly(d4/d5), where L, is the specified limit in uV/m at the distance dy;

NOTE This extrapolation method can only be used when both d, and d, are in the far-field zone of the
EUT at all frequencies of measurement.

2) use the formula as recommended by the product standard;

3) determine the limit L, at a distance d, applying an extrapolation formula verified by
measurements at no less than three different distances.

In the frequency bands where the ambient noise values are exceeded (measured values
higher than 6 dB below the limit), the disturbance values of the EUT may be interpolated
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lie on the curve

interpolated value shall
describing a continuous function of the disturbance values adjacent to the ambient noise.

from the adjacent disturbance values. The

c) Perform measurements in critical frequency bands during hours when broadcast stations

are off the air and the ambients from industrial equipment are lower.

d) Compare the amplitude of the EUT disturbance at the frequency under investigation with

in a shielded room or absorber-

the amplitude of the disturbance on adjacent frequencies

lined shielded room. The amplitude of the EUT disturbance at the frequency under
investigation can be estimated by measuring the amplitude of the adjacent frequency

disturbance and making a comparison.

fwo

LAAA4

the directions of strong ambient signals in orienting the axis of an-open-field area

OATS, so that the orientation of the receiving antenna on the site discriminptes

gainst such signals as far as possible.

e) Consider

Configuration of-equipment-undertest EUT

tha charaeteristics of the ithput
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The

Ferr
on T

EUT operating conditions and arrangemen}\@ detailed in 6.4.

te clamp type CMADs are used to redﬁg'the influence of cables outside the test volume
adiated disturbance measurement results. If CMADs are used, the cable leaving the|test

volume shall enter the CMAD at the goint where it reaches the ground plane as shown in

Figy
betw
as p
than
CM4

re 11. The CMAD shall always bb\placed flat on the ground plane. The part of the cpble
een the exit point of the CMA@ and the exit point of the turntable shall be kept as ghort
ossible. Each cable shall reated with a separate CMAD. Cables with diameters larger
the cable openings oé) mercially available CMADs do not have to be treated |with
\Ds. .

desi

For

cabl
cabl

CM D%@

(der to avoid s t@ﬁm, high common mode current power cables (e.g. the output port of
ters) shoul be treated with CMADs unless the CMADs in use are specifigally
ned for hi ommon mode currents.

EUTs@ up to three cables leaving the test volume, each cable shall be treated with a
g radiated disturbance measurements. This requirement applies to any type of
:g. power, telecommunication, and control). For a test set-up with more than three

) . . <N s

expected need to be equipped with CMADs. The cables on which the CMADs have been

appl

ied shall be documented in the test report.

NOTE The limitation of the number of CMADs is discussed in [12]. In comparing large versus small size EUTs, as
well as EUTs with one versus two cables, the author concluded that a small EUT with only one cable leaving the
test volume is worst case. The author’s investigation covered application of CMADs to tabletop equipment with

three

Gen
of C

cables or less.

eral information on the purpose and application of ferrite-type CMADs is provided in 4.9.1
ISPR TR 16-3:2010 [3].
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EUT

AN
D
..

Turntable

Y CMADs shall comply with the relevant specifications of CISPR 16-1-4. FA€ir use shall be documented ih the
tgst report.

Figure 11 — Position of CMAD for table-top equipment on OATS or in SAC

7.3.7 Measurement instrumentation

The| measurement instrumentation, including <antennas, shall conform to the releyant
reqlirements in CISPR 16-1-1 and CISPR 16-1-4-

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

pregcribed for some products, forpractical reasons, e.g. ISM equipment and motor vehigles.
The|provisions given in 7.3.4 to~F3.7 shall remain applicable.

7.3.9 Measurement uncertainty for OATS and SAC

Genleral and basic cgnsiderations about uncertainties for emission measurements are givgn in
CISPR 16-4-1. Uncertainty aspects specific to radiated emission measurements on an OATS
or SIAC (30 MHz.to1 GHz) are given in CISPR 16-4-2.

7.4 | Fully-anechoic room measurements (30 MHz to 1 GHz)

74.1 Test set-up and site geometry

The same type of antenna shall be used for EUT emission testing as the receive antenna
used for the FAR site validation testing. The antenna height is fixed at the geometrical middle
height of the test volume. Measurement-will-be-doene are carried out in horizontal and vertical
polarization of the receive antenna. Emission should be measured while the turntable rotates
with the EUT in each of at least three successive azimuth positions (0°, 45°, 90°), when
continuous rotation is not required. Figure 12 illustrates the typical FAR site geometry, and
the relevant dimensions.

The EUT shall be placed on a turntable. Figure 12, Figure 13 and Figure 14 explain the
different dimensions within the FAR. The turntable, antenna mast and supporting floor shall
be in place during the site validation procedure, and consist largely of material transparent to
electromagnetic waves. The distances a, b, ¢ and e may be limited by the size of the test
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volume. The level of the bottom plane (absorber height plus ¢)-wil-be is the level for floor-

standing equipment (transport pallet height-will-be is outside the test volume).
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IEC
Key
A turntable and EUT support fixture
2X 1,5m, 2,5 m, 5 m — corresponds to test distance used (3 m, 5 m, or 10 m respectively)
he, middle level of the test volume
a b e >0,5 m recommended (=1 m is more convenient), the actual value is consistent with the FAR
R validation procedure of CISPR 16-1-4
d 3m,5m,or10 m
1) The antenna and cable layout shall be validated together and used in the same configuration during EUT| test.
The antenna together with the cable may*have to be moved for the alignment of the required test disfance
dpring the EUT test.
2) CMADs shall comply with the relgvant
specifications of CISPR 16-1-4° The|r use%rﬁneqeweé} shall be documented in the test report.

Figure.12 — Typical FAR site geometry, where a, b, ¢, e
depend upon the room performance
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Key
A turntable and EUT support fixture
2X 1,5m,2,5m,5m
d 3m; 5m,or10 m (for 3 m, 5m, or 10 m test distance, respé€ctively)

1) The antenna cable layout shall be the same as in the site validafion procedure (see Figure 12).

2) CMADs shall—be—used—in—accordance—with—the—applicable—product—standard comply with the relgvant
specifications of CISPR 16-1-4. Their use-{ifrequiredy.shall be documented in the test report.

Figure 13 — Typical test.set-up for table-top equipment
within the test volume of a FAR

The|test distance is measured from_the reference point of the antenna to the boundary of the
EUT|. In the case of a difference*between the reference point on an antenna and the phase
cenfre, a correction factor may/be applied to obtain the field strength at the test distance.

For ggiwen frequency, the correction AE in dB in Equation (8) shall be added to the measpired
electric field strength in order to reduce its uncertainty. The correction of electric field strength
is applied to account for the phase centre correction of LPDA antennas and the log-periodic
part of hybrid antennas.

Cyr = 20Iog[(d+Pf —r)/d] (5)
The field hisai by
EfZVf-i-Fa-i—Cdr (_6_)



https://iecnorm.com/api/?name=9ab2d03712fe0c058102dfdce19f6561

- 46 - CISPR 16-2-3:2016 RLV © IEC 2016

é
»
E{
-Vf‘
€
E, =
\"',‘\"'7‘\"",“\"',"\"',"\'";‘("',‘i"',"\"' A
\ 1 1 1 \ A} \ 1 \ 1 1 1
[ N W N W S S \ S 5 .
A} 1 1 1 1 1 1 1 \ 1 \ \ N
1 v, 1y, v, 1y, \, 1, 1, \ 4
==Y Y Y Y Y Y Y Y Y -4
S 0 1
-~ I \!
~d4 . - : 1 ]
- 1
r| | ~:—:
~ao 1
e I 1
|-~ ]
| | )
I~ - ]
P 1
- 1) 1
__L—;_.: _____________________________________ ‘;JI__
T 1
‘—’ 1
-~ o1
F=~J._ =1
~o 1
-7 | 1
h‘:_ | :‘-:
i I i
1
- BRI A M
T~~~ | 1
~ 1
L~~~ I 1
- [~ ~1
,’ \ I’,‘\ ,’l‘\ "‘\ LR "‘\ ’,‘\ ’l‘\ ’,‘\ \
\ \ || A T A - T U \
1 1 1 1 I’ 7 1 1 1 I 1 1 1 1 1 1 1
L KA L N A | [ \
4 % (¥ ¥ ¥ v/ ¥ ¥ ¥ \
bt mlcced e L VR LA | e L -
IEC
Key
A turntable and EUT support fixture
2X 1,5m, 2,5 m, 5m
d 3 m, 5m, or16/m for 3 m, 5 m, or 10 m test distance, respectively
Pallet of 12 cm (10«cnivto 14 cm) is a compromise between metal- and wooden ground plane.
1) The antenna'cable layout shall be the same as in the validation procedure (see Figure 12).
2) The cabletayout depends on the location of the cable outlets and shall be close to the surface of the housihg.
3) CMADs—a ; h shall comply with the relgvant
specifications of CISPR 16 1-4 Thelr use-(if required} must shall be documented in the test report

Figure 14 — Typical test set-up for floor-standing equipment
within the test volume of a FAR

7.4.2 EUT position

Figure 13 and Figure 14 illustrate test set-ups in a FAR for typical table-top and floor-standing
EUTs, respectively. The EUT shall be configured, installed, arranged and operated in a
manner consistent with typical applications. The entire EUT shall fit in the test volume.
Associated equipment that is required to exercise the EUT, but does not form part of it, shall
be located outside the screened room.

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

The

Toi

bundle shall be 30 cm to 40 cm long and longitudinal to the cable.

mprove the measurement repeatability, the following guidelines shall be applied:

a) The EUT (including the cables laid out according to 7.4.3) shall be placed so that its

centre is at the same height as the centre of the test volume. A non-conductive suppo
a suitable height may be used to achieve this.

rt of

b) Where it is not physically possible to elevate a large EUT to the centre of the test volume
(Figure 12 and Figure 13), the EUT may remain on a non-conductive transport pallet

The

test
inte

an emissions limit applicable to FAR sites, actual emissions may be lower i the EUT \

test

part|cularly true if the emissions are at a frequency below 200 MHz,chorizontal polariza

and

height above ground of 0,4 m or less in a typical installation. The<reader is advised that
to a| determination of non-compliance based on FAR measuremeénts, additional investiga

in a

recdmmended, to better simulate the final intended installation condition for the equipment.

7.4.

In EMC testing, the reproducibility of measurement results is often poor due to differencg
cable layout and termination, when one single"EUT is measured at various test-sites.

foll

reprpducibility (see Figure 13 and Figure 14). Ideally all radiation to be measured should
be gmitted from the test volume. The cables used during the test shall be in accordance

ma

terminations are not available. The-specifications of the cables and terminations used du

test

a)

b)

d)

instTIIed and bonded directly to a conductive floor. The following considerations*<apply
i

during-the-test(Figure—144)—The-height of thepallet-shall berecorded-inthe-tostrepert

installation specifications for some floor-standing equipment require the usit tq

ng of floor-standing equipment in a FAR: if FAR test results for floor-standing-equipn
nded to be installed and bonded directly to a conductive floor show non-compliance

ed on a ground plane that better simulates the final installation gnvironment. Th

the source of emissions is from a location on the equipment that would correspond

ground plane test environment (i.e. an open-area test site-or semi-anechoic chambe

B Cable layout and termination

ing listed items are general conditions; for the test set-up in order to provide d

ufacturer's specifications. The "EUT may employ non-terminated cables if c

ing shall be clearly described inthe test report.

The cables that are connected to the EUT and auxiliary equipment or power supply
!nclude a length of 0,8 m run horizontally and 0,8 m run vertically (without any bund
nside the test volume (see Figure 13 and Figure 14). Any cable length in excess of 1
vith a relative tolerance of £5 % shall be routed outside the test volume.

f the manufagturer specifies a shorter length than 1,6 m, then, where possible, it sha
briented such that half of its length is horizontal and half is vertical in the test volume.

Cables«that are not exercised through associated equipment during the test-must sha
hppropriately terminated:

be
for
nent
with
vere
S is
fion,
to a
Drior
tion
r) is

s in
The
ood
only
with
Able
ring

thall
ing)
6m

be

| be |

Neoaxial (shielded) cables with coaxial terminator with correct impedance (50 d

D or

75 Q)

2) shielded cables with more than one inner wire-must shall have common mode (line to |
reference earth/ground) and differential-mode (line to line) termination in accordance

with the manufacturer’s specifications;

3) unshielded cables-must shall have differential mode termination as well as common- |

mode termination in accordance with the manufacturer’s specifications.

If the EUT needs associated equipment in order to be operated properly, special care
shall be taken that no emission of that equipment can influence the radiation
measurement. Associated equipment shall be located outside the screened room

wherever possible. Measures against RF-leakage into the FAR through
interconnection cables-must shall be taken.

the
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e) The test set-up, including cable Iayout—eeeer#eafaens and deta|Is of attached cables and
terminations,

ee%ade—the—teet—vemme—éfei;m&anee—theAﬁe—ef—ie#ite—eiamps% are specified in the

different product standards.

f) Ferrite clamp type CMADs are used to reduce the influence of cables outside the test
volume on radiated disturbance measurement results. The cable leaving the test volume
shall enter the CMAD at the point where it reaches the bottom of the test volume
(turntable) as shown in Figure 12, Figure 13 and Figure 14. Each cable shall be treated
with a separate CMAD. Cables with diameters larger than the cable openings of
commercially available CMADs need not be treated with CMADs.

[ ; Nop
inverters) should not be treated with CMADs, unless the CMADs in use are specifigally
esigned for high common mode currents.

or EUTs with up to three cables leaving the test volume, each cable shall bg\fbeated |with
CMAD during radiated disturbance measurements. This requirement appligs to any fype
f cable (e.g. power, telecommunications and control). For a test set-up lwith more fhan
hree cables leaving the test volume only the three cables from which-the’highest emission
is expected need to be equipped with CMADs. The cables on which-thee CMADs have heen
applied shall be documented in the test report.

Seneral information on the purpose and application of ferritertype CMADs is providdd in
4.9.1 of CISPR TR 16-3:2014 [2].

Due| to the different nature of the many possible EUTs,~product standards may deyiate
congiderably from the requirements of this subclause (e.gi.10.5 of CISPR 22:2008 [4]).

7.4.4 Measurement uncertainty for FAR

Gengeral and basic considerations about uncertainties of emission measurements are givgn in
CISPR 16-4-1. Conditions for the use of alternative test methods are given in CISPR 1644-5.
An ¢xample of an uncertainty budget for "an emission measurement at a 3 m distance [in a
FAR is given in CISPR 16-4-2.

7.5 | Radiated emission measurement method (30 MHz to 1 GHz) and radiated immunity
test method (80 MHz to'1.GHz) with common test set-up in semi-anechoic
chamber

7.5.1 Applicability

As an alternative to_different test set-ups for radiated emissions and radiated immdnity
testing, at the diseretion of product committees, testing to both requirements may be
performed using:*a common EUT arrangement in accordance with the provisions of [this
clause. The test arrangement described in this clause is applicable when radiated emissjons
and |immunity” testing of the EUT using the same configuration and test set-up is technigally
justi ied! This test arrangement is considered to be most applicable to EUTs of simple

con
emissions standards permit radiated emission tests at 3 m separation distance.

The radiated immunity test may be performed with absorbing material covering portions of the
ground plane between the EUT and the transmitting antenna, if necessary to achieve field
uniformity, as described in IEC 61000-4-3 (i.e. absorber-lined SAC, analogous to absorber-
lined OATS). For emission measurements, the normalized site attenuation characteristics of
the SAC without the ground-plane absorber shall satisfy the requirements of CISPR 16-1-4.

7.5.2 EUT perimeter definition and antenna-to-EUT separation distance

Radiated emission and immunity tests shall be made with the receive or transmit antenna
located at a horizontal distance of 3 m plus half of the maximum width of the EUT being
tested, measured from the centre of the EUT. The antenna reference point used when
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determining its distance from the EUT is the identified reference point. However, if the
reference point is not specified, the reference point is a point along the horizontal antenna
boom midway between the dipole antenna elements that correspond to a half wavelength of
the upper and lower frequency limits to be evaluated.

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

For a given frequency, the correction AE in dB in Equation (8) is added to the measured
electric field strength in order to reduce its uncertainty. The correction of electric field strength
is applied to account for the phase centre correction of LPDA antennas and the log periodic
part of hybrid antennas. If a phase centre correction is not included, it shall be considered in

the

The

EUT|. All intersystem cables shall be included within this perimeter (see Figure 15)CEach ¢

of t

pOSs

dep

Turntable

incertainty budget. Refer to 7.3.71 tor more detalls.

EUT perimeter is defined by the smallest virtual (imaginary) rectangle encompassing
nis perimeter shall lie in one of the four face planes of the EUT, co-planar with

ending upon the horizontal test distance.

Plane 1 plane 2
]

\

Test volume where’the NSA
requirement\for'CISPR 16-1-4
is satisfied

the
dge
and

ibly residing within) the uniform field areas (UFAs) calibrated for- immunity tests,

I~

AR E—

3.0m

A

3+ (b—a)2]m

1
1
EUT perimeter |
]
I
1

A 4

Figure 15 — Positions of reference planes for uniform field calibration (top-view)

7.5.3 Uniform test volume

The

uniform test volume is defined by the following conditions.

e The EUT and its auxiliary equipment (AuxEq) (e.g. peripherals and cables) shall fit into a
test volume where the site validation requirements of CISPR 16-1-4 are fulfilled. Refer to
the site validation procedure for alternative test sites for use in emission measurements of
CISPR 16-1-4;

e The EUT and its AuxEq shall fit into a test volume that allows each of the faces of the EUT
and its AuxEq to be aligned with the uniform field area according to the requirements of
IEC 61000-4-3 and as described in this subclause.
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Evaluation of EUTs having unequal or non-symmetric boundaries at two antenna separation
distances necessitate uniform field area calibrations according to the requirements of
IEC 61000-4-3. In the example shown in Figure 15, this is at the plane with length 54 along the
front face of the EUT (0° azimuth) and the plane with length a along the side face of the EUT
(90° azimuth).

To accommodate EUTs with a maximum width of 1,5 m, the uniform field area may be
calibrated for the two conditions:

e in a plane orthogonal to the axis of the antenna through the centre of the turntable;

Fpterntrs
t axis.

furntable, perpendicular to the measuremen

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

o {he -0 dB to +6 dB criteria complies at the number of points defined by,I[EC 61000-4-8 for
bach of the two surfaces, and

e the average field strengths of the points satisfying the —0 dB to +6(dB criterion in the|two
JFAs are inversely proportional to the antenna-to-UFA distance when applying a congtant
forward power to the antenna.

Des|gnate P, as the forward power (logarithmic scale) for;'the UFA at the centre of| the
turnfable, evaluated by either the calibration with constant field strength or the calibration
method with constant power, and P, as the corresponding forward power for the UFA at
0,79 m in front of the centre of the turntable. The required forward power to illuminate an EUT
surface can be calculated by linear interpolation‘from P., and P, and the corresponding
distances (also in logarithmic scale) to the antenna. For other measurement details |and
desg¢riptions, refer to 6.2 of IEC 61000-4-3:2006-calibration of field.

For EUT perimeter dimensions that differ\by 20 % or less of the 3 m separation distance (that
is, 0,6 m or less), only a single uniform field area calibration is required at the separgtion
distance corresponding to Plane 1 in~Eigure 15 (the widest face of the EUT).

NOTE When using the method described in the preceding paragraph, two faces of the EUT will be tested at a
highgr immunity field-strength leveldue to their closer distance to the transmitting antenna.

The|EUT perimeter, including the connecting cables, shall fit within the test volume wherg the
site |validation requirement is satisfied. For the common emission/immunity set-up, the fagility
musit shall be calibrated at two vertical planes corresponding to the minimum and maximum
dimensions of the EUT perimeter at 0°, 90°, 180° and 270° to the EUT faces. The typgs of
equipment to be”tested in the facility may be considered for selection of the two pJane
locations.

If flgor absorbers are used to achieve the field uniformity criterion, these absorbers shall be
placed.between the transmitting antenna and Plane 2. If only one plane is calibrated (that is,
an EUT with a difference of the two boundary dimensions being less than 0,6 m), the floor
absorbers, when used, shall be placed between the transmitting antenna and the calibrated
plane.

7.5.4 Specifications for EUT set-up in common emissions/immunity test set-up

The tests shall be performed with the equipment configured as closely as possible to its
typical, practical operation. Unless stated otherwise, cables and wiring shall be as specified
by the manufacturer and the equipment shall be in its housing (or cabinet) with all covers and
access panels in place. Any deviation from normal EUT operating conditions shall be included
in the test report. The specifications of 7.3.6.3 apply. The EUT (on a non-conductive support
structure, where applicable) shall be placed on a remotely operated turntable, as specified in
7.3.6.3, to allow the EUT to be rotated.
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The height of the EUT above the ground plane shall be in accordance with the following
requirements.

e Tabletop equipment is placed on a non-conductive set-up table with height
0,8 m+ 0,01 m, see 7.3.6.3. CISPR 16-1-4 specifies the method to determine the impact
of the non-conductive set-up table on test results.

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

Equ|lpment designed for wall-mounted operation shall be tested as table-top equipment.|The
orieptation of the EUT shall be consistent with that of normal operation (that is, positionef as
normally installed).

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

The| number of additional cables should be limited {0 the condition where the addition of
another cable does not decrease the margin by a signjficant amount (for example, 2 dB) jwith
respect to the limit. In some cases the optimum“arrangement of features, loads, interface
typels, and cables for emissions and immunity tests are different, which may result in the need
for gome reconfiguration of the EUT within the confines of the uniform EUT arrangement.

The|cable layout and termination shall belaccording to the following requirements.

e The cables shall be oriented so-that vertically- and horizontally-polarized radiation fields
bre not excluded. The cable<layout rules and cable lengths defined in the applicpble
broduct emission and immunity standards shall be applied. However, in case of confligting
equirements, the layoutiand maximum cable lengths defined in the product emission
standard-must-take-presedence shall be used. Fulfilling the rules can be accomplishefl by
hpplying the cable_placement rules of the emissions standard and exposing a minium
length of 1 m of cable, with a mix of horizontal or vertical parts, to the electromagnetic
field during immunity testing (unless the manufacturer’'s specifications require shorter
cables). Excess cable lengths should be bundled in the approximate centre of the lephgth
bf the cable-to form a bundle 30 cm to 40 cm in length. If no information is provided apout
cable layout in the product emission standard, the following arrangement is applied.

+ Forra table-top EUT (Figure 16 and Figure 17), the cables leaving the uniform |test
volume (that is, those that connect the EUT to the outside world) shall be exposgd to

the-eleetromagnetic-field-acecordingteFHgure46-andHgured+foratotaHenrgth-ef 1 m
(x0,1 m), and then extended vertically down towards the floor (with a minimum length
of 0,8 m imposed by the EUT table height). Interconnecting cables that hang from the
table shall be at a minimum distance of 0,4 m (£0,04 m) from the ground plane. If
cables that hang closer than 40 cm to the ground plane cannot be shortened to the
appropriate length, the excess cable shall be folded back and forth to form a bundle
30 cm to 40 cm long. If the maximum length declared by the manufacturer for certain
cables does not allow a one meter horizontal cable layout, including a length to get to
the ground plane for table-top products (placed on the 0,8 m height table), the
horizontal layout shall depend on the length of cable in excess of 0,8 m. Bundling is
not required.

— For a floor-standing EUT (Figure 18 and Figure 19), cables leaving the uniform test
volume shall be arranged with a length of at least 0,3 m run horizontally within the test
volume and with a vertical run according to typical, normal use (depending on the
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height above the floor of the I/O port). Horizontal cables shall be insulated from

the

ground planes by a minimum height of 10 cm for the entire length of the cable that is

intended to be laid out along the floor.

ling between enclosures of the EUT shall be treated as follows.

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

e If the manufacturer's specification requires a cable length of less than or equal to 3 m,
then the specified length shall be used. The cables shall be exposed for a length of 1 m
(£0,1 m) and the excess shall be folded back and forth, forming a bundle 30 cm to 40 cm

ong. for table-top equipment (see Figure 16 and Figure 17) and approximately 1

for

1

1

1

The
| o

1
1

loor-standing equipment (see Figure 18 and Figure 19).

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

EUT combinations of table-top equipment and floor-standing equipment shall be arrar
hccording to the set-up of each individual equipment configuration and thelinterconnec
Cables between table-top equipment and floor-standing equipment shall be accordin
hese rules.

For the cables not terminated into auxiliary equipment, differential- and common-n
erminations should be simulated to represent the auxiliary<equipment that wouldg
connected to the cables and represent the required functionaltimpedance.

Cables not connected to another device may be terminated as follows (see also 7.3.6.

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

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

Unshielded cables—must shallvhave differential-mode termination according to
manufacturer's specifications,

All cables that have been-shortened in respect to their maximum lengths declare
the manufacturer apdiprovided with artificial terminations for testing convenie
according to this paragraph, should also be provided with additional 150 Q comr
mode terminations, to the test chamber wall or floor.

following items should be considered with 7.3.6.3.
f the EUT needs associated equipment (AE) to operate properly, special care-must

he radiated immunity tests. The AE may be located outside the anechoic chamber dU
esting if proper connecting interfaces are available on the chamber shielding. Meas

hgth

ged
ting
g to

ode

be

() or

tial-
hon-
heir

the

the

d by
hce,
hon-

shall

be taken to ensure that the AE does not affect the radiated emissions measuremenis or

ring
Lires

1

o\prevent RF-leakage into or out of the anechoic chamber through the interconnec

tion

cable may be necessary.

e Other methods or equipment used to suppress unwanted emissions from AE shall be

ocated outside the test chamber or beneath the raised floor.

e The test set-up, including cable layout, specifications of attached cables and terminations,
use of CMAD(s) on cables leaving the test volume, and other measures taken to suppress
emissions from AE outside the test volume, shall be clearly described in the test report.
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s

EUT perimeter
(including cables)

Test volume where the NSA
requirement for CISPR 16-1-4 is
satisfied

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

Xp = Horizontal cable parallel to the

(@]

I

Turntable
ground-plane)

Cables leaving the test
volume

ELT- 09 L 0 09
=o-royo- = ans

Y = Cables run down vertically from
the edge of the table

Z = Minimum distance from the ground
plane ofiinterconnecting cables that
hang-from the table: 0,4 m + 0,04 m

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

IEC

MADs shall comply with the relevant specifications of CISPR 16-1-4. Their use shall be documented ih the

st report.

Figure 16— Test set-up for table-top equipment
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EUT perimeter

]

. - - 2T Cables leaving the test
' volume

I
I

X5 + Xp = Total horizontal cable
length on the table: 1 m £ 0,1 m

B = Excess cable length bundle
pelweell oU CITI dinud 4U CIT1 ill

length

Tkl
TaoTe

Interconnecting cables

s

Turntable

Figure 17 — Test set-up for table-top equipment — Top view
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Test volume where
the NSA requirement
for CISPR 16-1-4

A/ is satisfied

X = Horizontal cable run parallel

, to one EUT perimeter face and

________________ N 1
Ax_ Dielectric ¢ | | perpendicular to adjacent EUT
r ! support ! perimeter face for a length at
7/ i I | least of 0,3m
/ 1 o _/___ . 1
/AN I
| 1Y = Cables run down
: 1 | vertically
|
1 I
EUT I : | | B= Exc_:ess cable Ie_ngth bundlle
X | approximately 1 m¢i length
| Y]
L} |
| Loy
1
EUT — ] | | : | !
y | [}
t-Jy-= [ o
1 ) |
I ! I
/ |
N ---_, X
721tz ,
) L7
— e — — - / Z
_______ » 7
i
Turptable CMADs
(grdund-plane) .
Cables leaving the test
volume
IEC
Note|that the bend radius of cables shall not be exceeded to meet the bundled cable length.
Y CMADs shall comply with the relevant specifications of CISPR 16-1-4; their use shall be documented in th¢ test
report.
Figure 18.=Test set-up for floor-standing equipment
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EUT perimeter

Cable support
Cables leaving the test volume

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

R = Excess cable length bundle

at approximately 1 m‘in length

EUTsupport

Turntable
IEC

that the bend radius of cables shall not be exceeded to meet the bundled cable length.

Figure 19 — Test set-up for floor-standing equipment — Top view

b Measurement uncertainty for commoh emission/immunity set-up and metho

feral and basic considerations about uncertainties of emission measurements are give
PR 16-4-1.

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

[ Quantity to measure

electric field strength emitted by the EUT at the measuring distance is the quantity t

ome standards, emission limits above 1 GHz for equipment are expressed in term
Ctive radiated power (Pgrg) in dB(pW). Under free-space far-field conditions, the equg
bnvert,Pre into field strength, in dB(uV/m), at a 3 m distance is:

nin

D be

s of
tion

Eym=Tre 774

distances d, in m, other than 3 m:

E;=Reg+74+20 Ig[gj

7.6.2 Measurement distance

(11)

(12)

The field strength emitted by the EUT is measured at a preferred distance of 3 m. The
measurement distance, d, is the horizontal distance between the periphery of the EUT and the
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receive antenna reference point (see Figure 20). The EUT encompasses all portions of the
EUT, including cable racks and support equipment and a minimum cable length of 30 cm.

Other distances may be used in practical situations, i.e.:

— shorter distances in the case of high ambient noise, or to reduce the effect of unwanted
reflections, but care should be taken to ensure the measurement distance is greater than
or equal to D2/(24);

— greater distances for large EUTs to allow the antenna beam to encompass the EUT.

: 3 , = be
incoherent and radiated from a point source, the minimum distance mentioned above)| i.e.
D?/(24), is to be established using the measuring antenna dimensions, and noi~the EUT
dimensions.

If measurements are-made carried out at a distance other than 3 m—(see-higte—above}| the
megsurement distance shall be greater than or equal to 1 m and less than orequal to 10 m. In
such a case, the measurement data is to be adjusted to a 3 m distance,'assuming free-space
progagation. Users are advised that comparison of measurements at\different distances|and
extrapolation of results typically will not correlate as well as measurements made at the spme
distance. Standards or specifications that reference this test“method should identify a
preferred measurement distance.

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

As g general guideline, test set-ups and operating conditions of the EUT shall be the samg as
thoslle used below 1 GHz. Whenever possible, the test set-up should be representative of the
mosit typical configuration of the EUT (table-topfloor-standing, rack-mounted, wall-mourjted,
etc.).

The| test set-up should also consider that for measurements above 1 GHz absorbers| are
typig¢ally required on the floor betwéen the antenna and EUT. Whenever practical| for
emigsion measurements above 1 GHz the EUT should be raised above the height of| the
absorbers. If it is not possible to raise the entire EUT above the absorbers (i.e. for rpck-
mounted or floor-standing equipment), efforts should be made to configure the EUT (witljin a
rack or chassis, for example) such that the radiating elements are located above| the
absorbers. The EUT shall be’ located in the test volume established during site validation, as
des¢ribed in CISPR 16-4-4. If it is not practical and safe to raise the EUT or its radiating
elements above the @bsorber height, the maximum extent of the EUT that is permitted tp be
located below the highest point of the absorbers is 30 cm (see 7.6.6.1 and Figure 20).

The|actual EUT configuration and set-up used shall be documented in the test report with
pholographs-or diagrams clearly showing the location of the EUT with respect to the fagility
floor or furntable surface, absorber placement on the floor (height and location) and receive
antgnnaocation.

7.6.4 Measurement site

The measurement site shall comply with the requirements described in CISPR 16-1-4.

7.6.5 Measurement instrumentation

The measurement instrumentation shall comply with the requirements described in
CISPR 16-1-1 and CISPR 16-1-4.

Measurements to verify compliance with a peak limit shall be conducted with the peak
measuring spectrum analyzer or receiver using a measurement bandwidth of 1 MHz (impulse
bandwidth) as defined CISPR 16-1-1.
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Measurements to verify compliance with an average limit shall be conducted with a peak
measuring spectrum analyzer using a measurement bandwidth of 1 MHz (impulse bandwidth)
and a reduced video bandwidth, set as defined in CISPR 16-1-1. The value of video
bandwidth required for an average measurement shall be less than the lowest spectral
component of the input signals to be measured.

NOTE A spectrum analyzer can be used to perform average measurements by setting the display mode to linear
and the video bandwidth to a value that is lower than the lowest spectrum component of the input signal to be
measured. For example, if the input signal has a 1 kHz pulse repetition frequency (PRF), for a video bandwidth
less than 1 kHz, only the d.c. component of the signal (i.e. the average value) will pass through the video filter.

spe¢trum analyzer shall be increased, due to the use of narrower video bandwidths,; 46 enpure
accurate measurement results. The logarithmic mode is permitted for average me&asuremgents
wheh the specification limits assume a logarithmic detector will be used.

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

The| radiated field measurement method above 1 GHz is baseéd on measurement of| the
maximum electric field emitted from the EUT, with a set-up as“shown in Figure 20.

Validated test volume (from site validation procedure)
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NOTE The anechoic material placed on the ground plane is for illustration purposes only. Consult CISPR 16-1-4
for more detailed guidance about placement of absorber to comply with the site validation requirements.

Figure 20 — Measurement method above 1 GHz, receive antenna
in vertical polarization

The following descriptions apply to the parameters and terms given in Figure 20.

e Validated test volume: the volume evaluated during the site validation procedure (see
CISPR 16-1-4). Typically, this determines the largest diameter EUT that can be tested in
the facility.

e EUT (volume): the smallest diameter cylinder that will fully encompass all portions of the
actual EUT, including cable racks and a minimum length of 30 cm of cables. The EUT that
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is located within this cylinder-must shall be capable of rotating about its centre (typically
by a remotely controlled turntable). The EUT-must shall be located within the validated

test volume. A maximum of 30 cm of w (see definition of w below) may be below the he

ight

of absorbers on the floor only when the EUT is floor-standing and cannot be raised above

the height of the absorbers (see 7.6.3).
03 4g: Minimum 3 dB beamwidth of the receive antenna at each frequency of interest. 0

3dB

is the minimum of both the E-plane and H-plane values at each frequency. 0 3yg may be

obtained from manufacturer-provided data for the receive antenna.

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

jistance d. Equation (15) shall be used to calculate w for each actual antenna

calculation may be based on the manufacturer-provided receive-antenna“-beamw
Epecifications:

w shall be of the minimum dimension as specified in Table 4.

i Height of the receive antenna, measured from its reference point to the floor.

nce

: The dimension of the line tangent to the EUT formed by 65 4g at the measurement

and

measurement distance used. The values of w shall be included in the test report. [This

idth

w=2d tan(0,5634g) (13)

Table 4 specifies the minimum acceptable dimension of w (wpiy). The minimum requiremgents
shoyn in Table 4 are calculated from Equation (13) baséd on testing at the minifum

permitted measurement distance of 1 m specified in 7.6.2;yand the values of 83 4g(min) Sh
The| selection of measurement distance 4 and antenfia type shall be made such tLat

wn.
is

equdal to or greater than the values shown in Table 4 at any frequency where the field is
megsured. At frequencies not shown in Table 4, thé limit of w,;, shall be linearly interpolated
between the nearest two frequencies listed. Table 5 gives example values of w calculpted

using Equation (13) for three antenna types; at measurement distances of 1 m, 3 m,
10 m.

and

The| maximum emission is measureddy moving the receive antenna in height along |with

rotafion of the EUT in azimuth (0% to 360°). The required range of height investigatig

spe

tified below and illustrated in Figure 21 for two typical categories of EUTs.

Table 4 — Minimum dimension of w (w,i,)

n is

Frequency 0, dB, min Wmin
GHz m
1,00 60 1,15
2,00 35 0,63
4,00 35 0,63
6,00 27 0,48
8,00 25 0,44
10,00 25 0,44
12,00 25 0,44
14,00 25 0,44
16,00 5 0,09
18,00 5 0,09

NOTE-4 a) The dimension, w, is permitted to be larger than the minimum shown, and other antennas and distances

may be used to satisfy the minimum required value of w = wyin shown, provided that Equation (13) is met.

NOTFE-2 b) Because both polarizations are required to be measured for each height of the receive antenna, w

forms a minimum square observation area equal to w= (m<).

NOTE-3 c) In some cases, w may encompass multiple physical components of the EUT that are physically

separated. For example, multiple separate cabinets of a multi-cabinet system that are tested simultaneous

ly.
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NOTE—4 d) The height scan requirement depends on w such that it may be advantageous to maximize w by
selection of a wider beamwidth antenna and a larger measurement distance than the minimum requirements
shown.

NOTE-5 e) The pattern and beamwidth of the antenna used can affect the measurement result. The antenna has at
least two influence factors in addition to uncertainty in the antenna factor: 1) ripple or other anomalies in the
antenna pattern, and 2) beamwidth differences between antennas, which may give different results depending
on how many (constructive) emissions emanating from separate physical locations on the EUT fall within the
antenna beamwidth.

Table 5 — Example values of w for three antenna types

| - DRC L LPBDA = TaW. WAVA:]
Freegteney BRGHhern HRBA-o++PBA-Y
GHz d=1m | d=3m |d=10m d=1m | d=3m |d=10m
03 48 03 48
N w w w . w w w
m m m m m m
1,00 60 1,15 3,46 11,55 60 1,15 3,46 11,55
2,00 35 0,63 1,89 6,31 55 1,04 3,12 10,41
4,00 35 0,63 1,89 6,31 55 1,04 312 10,41
6,00 27 0,48 1,44 4,80 55 1,04 3,12 10,41
8,00 25 0,44 1,33 4,43 50 0,93 2,80 9,33
10,00 25 0,44 1,33 4,43 50 0,93 2,80 9,33
12,00 25 0,44 1,33 4,43 50 0,93 2,80 9,33
14,00 25 0,44 1,33 4,43 45 0,83 2,49 8,28
16,00 5 0,09 0,26 0,87 40 0,73 2,18 7,28
18,00 5 0,09 0,26 0,87 40 0,73 2,18 7,28
a8 LPDA-V: V-type log periodic dipole array.The values shown for 65 4g and w are typical of
both the LPDA and LPDA-V. However, these antennas typically have different gains.

Reference point

of antenna
d
Referencé.point 4 >I
of antenna I “““““““““ l
I B 1““1 )

| I E e
i I - I Range )f

. I ' height

. EUT | =

.......... it

N
N A A A A A AAAAA
Turntable Absorbers IEC Turntable Absorbers IEC
a) w encompasses EUT height b) w does not encompass EUT height
(fixed-height measurement) (height scan required)
Figure 21 — lllustration of height scan requirements for two different categories of EUTs

For any EUT with maximum dimensions equal to or smaller than w, the centre of the receive
antenna shall be fixed at the height of the centre of the EUT (Figure 21 a)). For any EUT with
a maximum vertical dimension larger than w, the centre of the antenna shall be scanned
vertically along the line parallel to w, as shown in Figure 21 b). The required scanning range
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for 7 is 1 m to 4 m. If the EUT height is less than 4 m, scanning the centre of the rec
antenna to heights above the top of the EUT is not required. In both cases the fixed height, #,
or the range of heights investigated shall be recorded in the test report.

eive

NoFE When a height scan is required per the above paragraph, a continuous height scan
within the required height range is recommended, to obtain the final, maximum emission. If
stepped height increments are used, caution is advised to ensure that the height increments
are sufficiently small in order to capture the maximum emission.

Regardlng the hor|zontal extent of w, the EUT is not requ|red to be fully W|th|n w. In cases

whe
meaq

detdrmination of the maximum field strength. Horizontal-line (sideways, transverse)-scan
by moving the receive antenna horizontally off the measurement axis is not requiredy but
be ysed if specified in a product standard.

7.6.6.2 Measurements using conventional (non-statistical) detectors

7.6.6.2.1 General measurement procedure

For jany EUT, the frequencies of emission should first be detected by a preliminary emis|

max
7.6.

distance. If, for any justified reason, the final measurement is“performed at a distance-diffe
other than the limit distance, a measurement at the limit distance should be made firdt, to

e
help

In p
the

be U

sha

Burr
leve
ban
loss
incly

NOT
inser
and

effec]

verstus size of the EUT shall be accodnted for. Also, measurement system overload le
I

surement axis, and rotatlon of the EUT prowdes the necessary horlzontal scan for

imization procedure (see 7.6.6.2.3). Then the final emisSion test is performed
5.2.4). Both of these measurements are to be made- preferably at the specific

in interpreting the resulting data-in-case-of dispuyte

erforming these measurements, the sensitivity: of the measurement equipment relativ

sed. If closer measurement distances or higher gain antennas are used, the beam W«

be determined to be adequate when preamplifiers are used.

-out and saturation protection for the measuring instrumentation is required when
emissions are to be measured in the presence of a high level signal. A combinatio
i-pass, band-stop, low=pass and high-pass filters may be used. However, the inse
of these or any other devices at the frequencies of measurement shall be known
ded in any calcufations in the report of measurements.

F A simple method of determining whether non-linear effects (overload, saturation, etc.) occur, consis
ing a 10 dB{attenuator at the input of the measurement instrument (ahead of any pre-amplifier if one is
erifying that*the amplitude of all the harmonics of the high-amplitude signal (that may cause non-
s) is reduced by 10 dB.

7.6

.p.22 Conditional testing procedure

the
the
hing
may

sion
see
limit
brent

e to

limit shall be determined before the test” If the overall measurement sensitivity is
inadequate, low-noise amplifiers, closer measdrement distances or higher-gain antennas

may
idth
vels
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n of
rtion
and
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ised)
inear

If the highest internal frequency of the EUT (see 3.1.27) is less than 108 MHz, emissions shall
be measured at least up to 1 GHz.

If the highest internal frequency of the EUT is between 108 MHz and 500 MHz, emissions

shal

| be measured at least up to 2 GHz.

If the highest internal frequency of the EUT is between 500 MHz and 1 GHz, emissions shall
be measured at least up to 5 GHz.

If the highest internal frequency of the EUT is above 1 GHz, emissions shall be measured up
to the lower of 5 times the highest internal frequency or the highest frequency at which the

limit

s are defined.
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7.6.6.2.3 Preliminary measurement procedure

The procedures of this subclause are for informative purposes — normative measurement
requirements are listed in 7.6.6.2.4. The maximum radiated-emission disturbance for a given
mode of operation may be found during a preliminary test. To minimize measurement time, it
is suggested to first perform measurements using peak detection, and then compare the test
results to the average limit. Subsequent measurements with the average detector and
comparison of results to the average limit will only be performed in those frequency ranges
where the average limit was exceeded by data collected with peak detection.

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

a) Use scan or sweep mode over the complete frequency range of the antenna dsing peak
jetection and maximum-hold mode.

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

c) If necessary, during preliminary tests, reduce the resolution bandwidth-may-bereduecdd in
Eweep mode to reduce the displayed noise level of the-spectrumaanalyzeror measyring
eceiver. Note that this may reduce the amplitude of broadbandsemissions disturbancg, so
hdditional investigations to determine whether the-emissionszafe disturbance is broadhand
br narrowband may be necessary.

d) Rotate the EUT continuously or in increments of 15° or/less, then repeat for the dther
polarization. The EUT should be rotated 360° incazimuth for both polarizationg to
jetermine the maximum-emissiens disturbance at eéach frequency of interest.

e) For continuous turntable rotation mode,—spesirurmn-analyzer set the measuring recgiver
sweep time-should-be-set such that the selected frequency span can be swept witHin a
{ime that is equal to or less than the time<needed for the turntable to rotate 15°. If the
otational speed of the turntable is such-.that an angle larger than 15° is covered duripg a
complete sweep or scan of the-spectruf-analyzer measuring receiver, a smaller frequéncy
ange should be used to reduce-spectrum-analyzer measuring receiver sweep time arld to
hchieve the maximum 15° turntablerotation per sweep.

f) As needed to identify the frequencies—ef corresponding to the maximum-—emissions
jisturbance, apply the methoed described above-may-be-applied for all the height Idvels
equired by 7.6.6.1 (and-Rigure 21), and for the various operating modes of the EUT.

g) To further evaluate the frequencies found in steps a) to d), use a small frequency gpan
typically 5 MHz ordess) and investigate around frequencies near the limit using additipnal
Emaller turntable ) increments and height steps. Typically, all frequencies wijthin
hpproximately 40 dB of the specification limit warrant further investigation with a nafrow
frequency span and additional finer rotation/height increments.

7.6.6.2.4 Final measurement procedure

The(fi€ld-strength emitted by the EUT at the given measurement distance is measured using
the lconfiguration (antenna height, FUT azimuth, etc) producing the maximum-—emisisien
dlsturbance as identified durmg the prellmlnary—emssmn disturbance maximization—{the
receiving—antenna-being-alighed-with-this-maximum-—emission). Final measurements shall be
done using the EUT operational mode identified by preliminary measurements to have the
highest-emissions disturbance.

This final measurement shall be the result of a maximum hold on the-spectrum—analyzer
measuring receiver during a given time proportional to the frequency span used. This given
time should be defined for each product or product family, taking into account the duration of
the operating modes and the time constants associated with each specific product to be
tested. Final measurements shall be performed using all required detectors. Alternatively,
peak measurement results may be used to demonstrate compliance with all specified limits.
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If the configuration of the EUT (antenna height, EUT azimuth, operation mode, etc.) producing
the maximum—emission disturbance was not conclusively determined by a preliminary
measurement the following additional measurements shall be done:

a) for any EUT with maximum dimension equal to or smaller than w, the centre of the
receiving antenna shall be fixed at the height of the centre of the EUT (see Figure 21a));

b) for any EUT with maximum vertical dimension larger than w, height scanning shall be
performed in accordance with the height scan requirements (upper and lower bounds)
specified in 7.6.6.1;

c) in all cases, in order to find the maximum-emissions disturbance, the EUT shall be rotated
H—the rc-themeastrements—she | be

In sbmmary, the requirements for final measurements above 1 GHz are as follows:

The| maximum—emissions disturbance shall be recorded from the following reqdired
invesstigations, some of which may be performed during the prelimihary measurerhent
prodedure:

1) the EUT shall be rotated in azimuth through all angles from 0° to 360° either by a turntgble
or movement of the receive antenna around the volume;

If a preliminary measurement was performed with azimuth Steps of 1° < a < 15°, the final
easurement shall include an azimuth search continugus_through all angles of at leagt +a
round the azimuth angle found in the preliminary measurement, where « is the azirhuth
ngle.

2) the receive antenna shall be height-scanned 4f the EUT height is larger than w in| the
ertical direction;

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

The| measurement of the amplitude probability distribution (APD) of a disturbance signal
proVides a statistical characterization of the disturbance signal in question. Backgrqund
material on the application of the APD-measuring function is provided in 4.1 of
CISPR TR 16-3:2014 [2]."A product committee may choose the APD measurement as| the
method to be used forifinal emission testing. The APD measurement shall be made at those
frequencies where~the EUT generates high disturbance field strengths. The number |and
selefction methodiof-frequencies shall be established by a product committee.

The| APD measurement shall be made using one of the following two methods. The [first
method js¥for measurement of the disturbance level £, ¢ in dB(uV/m) related to the specjfied
prohability’ of time p;;;, designated as Method 1 (see 7.6.6.3.2). The second method ig the
meagsurement of the probability of time p_ ... during which the disturbance envelope excg¢eds
a specified level Ej,; in dB(uV/m), designated as Method 2 (see 7.6.6.3.3). Additional
information and figures are given in Annex D to show the specifics of the two APD
measurement methods.

If a product committee decides to use the APD approach, either Method 1 or Method 2 shall
be selected. If the APD measuring instrument does not include an A/D converter, only
Method 2 shall be used. If the APD measuring instrument includes an A/D converter, either
Method 1 or Method 2 may be used.

The number of pairs of limits (Ejit. Piimit) @nd their values shall be specified by the product
committee. The product committee shall also decide whether to also use a peak limit together
with the APD limits.
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7.6.6.3.2 Method 1 — Measurement of the level of disturbance
The measurement shall be performed using the following procedure.

1) Set the resolution bandwidth (RBW) and the video bandwidth (VBW) of the spectrum
analyzer according to CISPR 16-1-1 (for measurements above 1 GHz).

2) Find the frequencies at which high disturbances are observed. This can be accomplished
by using the maximum hold function in the frequency span of interest. Peak detection shall
be used when applying this procedure.

NOTE In cases where narrowband emissions are hidden by broadband emissions, the maximum hold mode in
combination with the peak detector may overlook narrowband emissions. Therefore, an additional
easurement may be needed to find the frequencies of the narrowband emissions to be measured] The
roduct committee may require additional sweeps using the average detector or digital video aVerdqging.
urthermore, the number of frequencies for the APD measurement may also be specified by the/prpduct
ommittee.

3) Determine the frequencies for the APD measurement. The number of the frequéencies ghall
e specified by the product committee.

4) S$et the centre frequency of the spectrum analyzer to the frequency.at-which the highest
vel is observed during the application of step 2) of this procedure.

5) $et the reference level of the spectrum analyzer to minimum_5 dB above the maxiqhum
vel of disturbance that is obtained in step 2).

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

In case of fluctuating disturbance frequencies, thg product committee shall specify| the
requency range XX (in MHz) in which the APDsvof the disturbance shall be measyred.
PDs within the range XX MHz shall be measured with a 1 MHz frequency step sgize.
owever, for frequency ranges with APD mieéasurement values that are greater than -6 dB
rom the APD limit, additional measurements may be needed with a smaller frequgncy
step size (e.g. 0,5 MHz). The product*committee shall define the smaller frequency step
size.

7) Change the centre frequency of the'spectrum analyzer to the next frequency determingd in
gtep 2), then repeat the procedures of steps 4) to 6) until the APD measurements fgr all
frequencies are carried out.

=

8) [Read the disturbance level'E .5 in dB(uV/m) related to the specified probability pj;m,; from

the results of step 6).

9) Compare E g5 9B(tV/m) against the limit Ej;,;; dB(nV/m). The EUT complies if E L is
less than or equal-o Ej;,,;; at all frequencies.

7.6.6.3.3 Method 2 — Measurement of the probability of time

The|measurement shall be performed using the following procedure.

Steps\¥), 2), 3), 4), 5) and 7) of Method 2 are the same as the corresponding stepjs of
Method 1 (7.6.6.3.2).

For Method 2, modify step 6), step 8), and step 9) of Method 1 as follows:

6) Set the spectrum analyzer to the zero frequency span mode and measure the APD (or
measure the probability p.,.,s related to the specified levels directly) of the disturbance
during the measurement time that is to be specified by the product committee.

8) Read the probabilities p,.4s during which the disturbance envelope exceeds a specified
level Ejjp,; in dB(uV/m) from the results of step 6).

9) Compare p,.5s against the limits pj;,ii- The EUT complies if p ., is less than or equal to
Piimit @t all frequencies.
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7.6.7 Measurement uncertainty for FAR

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

7.7 In situ measurements (9 kHz to 18 GHz)
7.71 Applicability of and preparation for in situ measurements

In situ measurements may be necessary for the investigation of an interference problem at a
particular location, i.e. where electrical equipment is suspected of causing interference to
radi : ; situ
medsurements may be made for the evaluation of compliance, if it is not possible for technical
reagons to make radiated emission measurements on a standard test site. Technical-réagons
for ip situ measurements are excessive size and/or weight of the EUT or situations, wherd the
intefconnection to the infrastructure for the EUT is too expensive for the measurement on
stanfdard test sites. In situ measurement results of an EUT type will normally deviate from
sitedto-site or from results obtained on a standard test site and can therefore not be used for
type testing.

NOTE-+ In general, however, due to imperfections such as mutual coupling between the conductive strudgtures
present in the in situ environment, which may also be more or less corrupted by, ambient electromagnetic flelds,
and fhe measuring antenna/equipment under test, in situ measurements cannot fully replace measurements|on a
suitaple test site (open-area test site or alternative test site, for example (semi¢) anechoic chamber) as speciffed in
CISPR 16-1-4.

The|EUT usually consists of one or more devices and/or systems, is part of an installation, or
is iffterconnected with an installation. A perimeter _cohhecting the outer parts of the EUT is
usually taken as the reference point to determine thé measurement distance. In some product
standards, the exterior walls or boundaries of business parks or industrial areas are takeh as
the reference points.

Preljminary measurements shall be made to identify the frequency and amplitude of| the
distdirbance field strengths amongst:.the ambient signals taking into account the potential
souices of interference (for example,“oscillators) in the EUT. For these measurements the|use
of al spectrum analyzer is recomimended in place of a receiver because a large frequéncy
spe¢trum can be analysed. For the identification of the frequency and amplitude of| the
disturbance signals the use-of-a current probe on the connected cables, or near-field probes
or the measurement antennas placed closer to the EUT, is recommended.

Measurements shall'also be made on selected frequencies to determine, where possible] the
modes of operation/in which the EUT generates the highest disturbance field strengths.
The|subsequentimeasurements shall be made with the EUT in these modes of operation.

switched _independently of the operation of other equipment, the selection of conditions
proqucing the highest disturbances may be infeasible. For some equipment and operating
modes, these conditions may be dependent on time, particularly if operations are cyclic. In
such cases, the period of observation should be chosen to approach the conditions producing
the highest disturbances.

NoTE 2 Where the EUT is a piece of equipment for which the operating mode cannoi be

Measurements shall be made around the EUT at approximately the same measurement
distance on each of the selected frequencies to determine the direction of the highest
disturbance field strength. The EUT should be tested in at least three different directions. The
final disturbance field-strength measurements on each frequency shall be made in the
directions of the highest disturbance field strengths, which may vary from frequency to
frequency, taking into account the local (ambient) conditions. The highest disturbance field
strengths shall be measured with the antenna in vertical and horizontal polarization. If the
ratio of the measured disturbance field strength to any ambient emission is lower than 6 dB,
the measurement methods described in Annex A can be used.
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7.7.2 Field-strength measurements in situ in the frequency range 9 kHz to 30 MHz
7.7.21 Measurement method

The magnetic disturbance field strength shall be measured in the direction of maximum
radiation with the EUT in the mode of operation generating the highest disturbance field
strength.

The horizontally-polarized disturbance field strength shall be measured at the standard
measurement distance d;,;; using a loop antenna as described in 4.3.2 of CISPR 16-1-4:2010
at a height of 1 m (between the ground and lowest part of the antenna). The maximum
distfirbance Tield strengih shall be determined by rotafing the antenna.

NOoTE For the measurement of the maximum disturbance field strength along _radial lines
arrahged in any direction, the antenna should be oriented in three orthogonal diréctions,|and
the measured field strength is calculated by

Eypn =y EZ+E%+E?

In cases where limits are given for the E-field equivalent but the{measured field strengthq are
the magnetic components, the H field strength can be converted to the corresponding E field
strepgth using the free space impedance of 377 Q by multiplying the H field reading by B77.
The|H field in this case is given by

Hop =HZ +H? + H?

Thig H field value can be used directly.ijn“cases where limits are directly given for| the
magnetic field strength.

If the antenna cannot be oriented in~three orthogonal directions, it can be turned by hand in
the |direction of maximum reading-for the measurement of the maximum disturbance field
strength.

7.7.2.2 Measurement-distances other than the standard distance

If it]is not possible to)adhere to the standard distance dj;,;;, as specified in the produgt or
generic standard, the measurements should be made at distances either less or greater fhan
the |standard measuring distance in the direction of the maximum radiation. At least three
megsurements/at different measuring distances less or greater than the standard measyring
distance shall/be used, if it is not possible to use the standard distance.

The| me€asurement results (in decibels) shall be plotted as a function of the measurement
distallbb Ull a iUgdl;tillllib bbdic. OIIU “IIU b;ld“ IU& UIIdVVII tU jUiII Up tiIU IIICdbUIUIIIUIIt Ico |tS
This line represents the decrease in the field strength and can be used to determine the
disturbance field strength at distances other than the measurement distance, for example, at
the standard distance.

7.7.3 Field-strength measurements in situ in the frequency range above 30 MHz
7.7.31 Measurement method

The disturbance electric field strength shall be measured in the direction of maximum
radiation at the standard distance with the EUT in the mode of operation generating the
highest disturbance field strength. The maximum horizontally- and vertically-polarized
disturbance field strengths shall be measured using broadband antennas with, as far as
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practicable, a variable height of 1 m to 4 m. The highest value shall be taken as the measured
value.

It is recommended that biconical antennas be used for measurements in the frequency
range up to 200 MHz, and log-periodic antennas for measurements in the frequency range
above 200 MHz. The distance between the measuring antenna and any nearby metallic
elements (including cables) should be greater than 2 m.

7.7.3.2 Measurement distances other than the standard distance

itis
not possible to adhere to the standard measurement distance, the disturbance field strehgth
shall be measured in different measuring distances as described in 7.7.2.2. A heighhscgn of
the |antenna shall be used for each measurement The disturbance field strength at| the
standard distance dq4 shall be determined according to 7.7.2.2 by plotting the measured field
strepgth as a function of the measurement distance on a logarithmic scale.

If it js not possible to measure at varying distances, and the measuremeént distance refefs to

the puter wall of a building or the border of the premises, the measure€ment results shall be
conyerted to the standard distance using Equation (14).
dmeas
Estd =Emeas +20n|g— (14)
std
where
Egtq is the field strength at the standard:distance in dB(uV/m) for comparison with

the emission limit;
Eeas is the field strength at the measurement distance in dB(uV/m);
dmeas 18 the measurement distance in metres;
dgiq is the standard distance’in metres.

The|factor n depends on the distance d as follows:

meas

if 30m<d n=1;

meas’

if 10m<d <30 m, n=20,8;

meas

if 3m<d <10 m, n=0,6.

~ . Mmeas

NOTE » <1 aeedmmodates the difference between the measuring distance and the distance to the EUT.

Measurement distances closer than 3 m shall not be used.

If it 'S ot possibie to Measure at varying distances, and Equation (1415 not used because
the measurement distance does not refer to the outer wall of a building or boundary of
premises, the field strength should be determined by measurement of the radiated
disturbance power (see 7.7.4).

7.7.4 In situ measurement of the disturbance effective radiated power using the
substitution method

7.7.41 General measurement condition

The substitution method can be used without additional conditions if, and only if, the EUT can
be switched off and if the EUT can be removed for the substitution.
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If the EUT cannot be removed, and if its front face is a large plane surface, the effect of this
face on the substitution shall be accounted for (see Equation (14)). If the front surface of the
EUT does not fit into a two-dimensional plane in the measurement direction, the additional
measurement uncertainty is not considered.

If th
the
freq
that
The

e EUT cannot be switched off, it is still possible to use the substitution method to measure
radiated power of a disturbance from the EUT at a particular frequency, by using a nearby
uency at which the field strength of the disturbance from the EUT is at least 20 dB below
of the frequency of interest (“nearby” means within one or two receiver IF-bandwidths).
frequency selected should, where possible, be chosen with regard to possible inter-

ference to radio services.

7.7.
7.7.

The

field. This requirement is generally met, if:

.2 Frequency range of 30 MHz to 1 000 MHz
1.2.1 Measurement distance

measurement distance chosen shall be such that the measurement ,is made in thg far

d is greater than 1/(2n) and

. d=> 2D2/), (15)
whefe

d is the measurement distance in m;

D is the maximum dimension of the EUT with cabling in m;

! is the wavelength in m;

or iffmeasurement distance d is equal to or greater than 30 m. In the far field, the expongnt n
in Eguation (14) may be assumed to be one-(4). If a shorter measurement distance is chogen,

this
stre

measurement distance be chosen, thissshall be indicated.

7.7.

The
radi
stre
dist

at Igast in the rangeof 1 m to 4 m as far as practicable.

For
sha

a)

b)

d)

assumption can be validated by using the procedure of 7.7.3.2 to verify that the field
ngth falls off inversely with distance. If the local conditions require that a shorter

1.2.2 Measurement method

effective radiated disturbance power shall be measured in the direction of maximum
btion with the EUTqin-the mode of operation generating the highest disturbance field
ngth. The measurement distance shall be chosen according to 7.7.4.2.1 and the highest
urbance field strength on the selected frequency determined by varying the antenna hegight

measurement of the effective radiated disturbance power, the following steps a) tp g)

Il be used.

Lhe EUT shall be disconnected and removed. A half-wave dipole or antenna with similar
radiation characteristics and known gain G, relative to a half-wave dipole is substituted in
its place. If it is impractical to remove the EUT, a half-wave or broadband dipole (in the
frequency range lower than about 150 MHz to minimize mutual coupling to the EUT) is
positioned in the vicinity of the EUT. The vicinity is a range up to 3 m.

The half-wave (or broadband) dipole shall then be fed by a signal generator operating on
the same frequency.

The position and polarization of the half-wave dipole (or broadband antenna) shall be
such that the measuring receiver receives the highest field strength. If the EUT is not
removed, then, if possible, it shall be switched off and the dipole is moved in a range up to
3 m around the EUT.

The power of the signal generated shall be varied until the measuring receiver shows the
same reading as when the highest disturbance field strength from the EUT was measured.
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e) If the EUT constitutes the front of a large plane surface (e.g. a building with a cable-TV
network), the substitution antenna (half-wave dipole) is positioned about 1 m in front of
the large plane surface (e.g. the front wall of a building). The location of the substitution
measurement shall be selected such that an imaginary line between the substitution
antenna and the measuring antenna is perpendicular to the direction of the face of the
building.

f) The height, polarization and distance between the half-wave dipole (or broadband
antenna) and the plane surface shall be varied such that the receiver displays the highest
field-strength reading.

g) The power of the signal generator shall be varied as in d).

For removed EUTs, and EUTs that cannot be removed (see steps a) and c), respectively)| the
powgr at the signal generator, P, plus the gain of the transmit antenna relative to a‘half-wyave
dipgle, G, yields the effective radiated disturbance power, P, to be measured:

R =P +G (16)

For EUTs having a large plane surface (e.g. buildings with telecommunication networks)/] the
incr¢ase in gain of the dipole positioned in front of this surface is given by:

R =P+G+4dB (17)
where

P, is in dB(pW);

Py is in dB(pW); and

G is in dB.

The| effective radiated disturbance power can be used to calculate the disturbance field
strength at the standard measurementdistance dg;y. The free-space field strength E; .. $hall
be galculated using the following eguation:

R (18)

Efree -
dstd

where

Efree AASNIN pV/m;

P, is in pW and
dsgy  isinm.
If the—eateutated—free-space—field—strength—of—FEguationr—(2H—is—ecompared—with—Hmits of

disturbance field strength measured at a standard test site, it-must shall be considered that |
the amplitude field strength measured at a standard test site is approximately 6 dB higher
than the free-space field strength of Equation (21), due to the reflections from the ground
plane. Equation (21) can be modified to take into account this difference. The disturbance
field strength at the standard distance Egy can therefore be calculated, for the vertical
polarization case, using the following equation:

Egq =B —201gdgq +229 (19)

For horizontal polarization below 160 MHz the maximum field strength is not measured at
standard test sites. Therefore the 6 dB factor—must shall be corrected using the following |
equation, for which Table 6 shows several calculated values:
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Egg = P —201gdgg + 16,9 + (6 — ¢ ) (20)

where

Egg  isin dB(uV/m);
f is the measuring frequency;
dgyg  isinm; and

is the correction factor for horizontal polarization. This was determined

‘e assuming a radiation source at 1 m in height.

Thig method for determining the disturbance field strength can be used mainly when therd are
obsfacles between the measuring antenna and the EUT.

Table 6 — Horizontal polarization correction factors as a function of-frequency

N~”f_|2 30 40 50 60 70 90 100 | 120 | 140 [ 160 | 180" |,200 | 750 | 1040
éé 11 10,2 | 9,3 8,5 7,6 5,9 5,1 3,4 1,7 0 0 0 0 0

7.7.4.3 Frequency range of 1 GHz to 18 GHz
7.7.4.3.1 Measurement distance

The|measurement distance chosen shall be such‘that the measurement is made in thg far
field. The far-field condition shall be verified (by,"measuring the radiated disturbance power
with| a double-ridged waveguide horn or log-periodic antenna as a function of distance.|The
reqyirement is met if the measurement distance is equal to, or greater than, the transjtion
distance. The transition distance is marked by the transition point that shall be determineF as
shown in Figure 22. The measurement results shall be plotted and two parallel lines
sepIrated by 5 dB drawn to enclose-as many of the measurement results; the transition goint
is the point where the lines intersect and after which the radiated power decrease$ by
20 dB/decade.

Received
radiated
power (dB) Distance between
A lines: 5 dB Transition point
v Distance between
O v lines: 5 dB
O
A O Gradient:

0 dB/decade
Transition

distance

Logarithm of the distance
IEC

Figure 22 — Determination of the transition distance
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4.3.2 Measurement method

The radiated disturbance power shall be measured in the direction of maximum radiation with
the EUT in the mode of operation generating the highest disturbance field strength. A double-
ridged waveguide horn or log-periodic antenna shall be used to determine the direction of
maximum radiation. The measurement distance shall then be chosen according to 7.7.4.2.1
and the disturbance field strength on the selected frequency is measured. The antenna
position shall be varied slightly to ensure that the measured field strength is not at a local

min

imum (for example, due to reflections).

For measurement of the radiated disturbance power, the EUT shall be disconnected and a

dou

EUT| or in its place. The antenna shall then be fed by a signal generator operating at the's
frequency. The orientation of the antenna shall be such that the test receiver receives
highlest field strength. This antenna position shall be fixed. The power of the signalgener

sha

The|power at the signal generator P, plus the gain G of the transmitting antenna relative
halfiwave dipole yields the required radiated disturbance power P:

whefe

7.7.5 Documentation of the measurementresults

The| particular circumstances and conditions of the in situ measurements should

doc

repgated. The documentation should_include

ble-ridged horn or log-periodic antenna positioned either in the immediate vicinity of

Il be varied until the test receiver receives the same power as that generated by the H

R =F+G
P, is in dB(pW);
Py is in dB(pW) and
G is in dB.

umented to enable the operational conditions to be reproduced if the measurements

fleasons for the in situ measurement instead of using a standard test site,
description of the EUT,
flechnical documentation;,

gcale drawings of-the measurement site, showing the points at which measurements v
made,

description ef\the measured installation,

details of-all connections between the measured installation and the EUT: technical
nd defails of their location/configuration,

escription of the operating conditions,

the
ame
the
hted
UT.
to a

(21)

be
are

vere

Hata

+ H | £ ¢+ H H +-
UCTannms— O e IIICGDUIIIIH UL.'UI'JIIICIIL,
measurement results:

e antenna polarization;

e measured values: frequency, measured level and disturbance level;

NOTE The disturbance level is the level referred to the standard measuring distance.

e assessment of the degree of interference (if applicable).

7.7.6 Measurement uncertainty for in situ method

General and basic considerations about uncertainties of emission measurements are given in
CISPR 16-4-1.
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Substitution measurements (30 MHz to 18 GHz)

1 General

The substitution method is intended for measuring radio disturbance radiated from the
cabinet, including wiring and circuitry inside the cabinet, of an equipment under test. The EUT
may be either a self-contained unit with no port for any connection or have one or several
ports for power and other external connections. For future product standards, product
committees are invited to use the field-strength measurement method described in 7.6 for
1 GHz to 18 GHz.

7.8.

The
arra

reqirements of stable and non-critical reflections from the surroundings, forsexampl
corrler reflector added to the measuring antenna and an absorbing wall behind-the EUT.
suitability of the site shall be determined as follows.

Two|

tog

level. The site shall be considered suitable for the purpose of measurement at the

freq

dipole B is moved 100 mm in any direction. The\test shall be repeated throughout

freq

pol
posi

7.8.

The
the

antgnna B for which the radiated power in the direction of maximum radiation-must sha

rela

a hglf-wave dipole. Its.actual sensitivity will be included in the substitution calibration of

test

antgnnas are recommended.

all ;rlleasurements intended. If an EUT requires,that measurements also be made with ver

Test site

hgements, especially in the upper part of the frequency range, in order ¢e meet

ve maximum indication on the measuring receiver and itsJoutput adjusted to a conver
Liency if the indication on the measuring receiver does not vary more than +1,5 dB W
Liency range at frequency intervals small enough to ensure that the site is satisfactor

rization (see 7.8.4), the suitability test of,the site shall be repeated with the two dip|
ioned for vertical polarization.

i] Test antennas

test antennas A and B of Figite 23 have been described above as half-wave dipoles
frequency range below 1 GHz, this requirement applies primarily to the transmi

able to the power at the-terminals of antenna B. The measuring antenna A should als

configuration. In)the frequency range of 1 GHz to 18 GHz linearly-polarized

test site shall be a level area. Indoor sites may be used, but may ne€d sp¢cial

the
B, a
The

horizontal half-wavelength dipoles, designated A and B (see alsg'7.8.3), shall be placed
pardllel to each other, at the same height %, with height not less than 1 m above the floor
spaced at the measurement distance d. Dipole B shall be conne€ted to a signal generator
dipdle A connected to the input of the measuring receiver. The Signal generator shall be tu

and
and
ned
ient
test
hen
the

for
tical
ples

For
ting
| be
b be
the
horn
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Device under test - -

/ Dipole A

Geometric centre >_< ‘Q:I A |

h h Measuring apparatus

e
IEC

a) Measurement
d

\ / Dipole A

[ ) ) |

Substitution dipole B

Signal generator Measuring,apparatus

T
IEC

b) Calibration
Figqure 23 — Substitution method set-up geometries for:'a) measurement, b) calibratjon

7.8.4 EUT configuration

The|EUT shall be placed on a non-conducting table with provision to rotate in the horizgntal
plane (azimuth). The EUT shall be configured>rso that the geometric centre of the EUT
coincides with the point earlier used as the @entre point for dipole B (see Figure 23). If the
EUT| consists of more than one unit, eaeh 'unit shall be measured separately. Detachpble
leads to the EUT should be removed iftoperation is not affected adversely. Required Ig¢ads
shall be provided with absorbing ferritecfings and be so positioned that they will not influgnce
the |measurements. For shielded -EUTs, all connectors not used shall be terminated by
shielded terminations.

7.8. Test procedure

With the EUT arranged-as described in 7.8.4, the horizontally polarized measuring dipojle A
shall be placed in, the same position as when checking the test site. The dipole shall be
normal to a verticalplane through its centre and that of the EUT. The EUT is first measurgd in
its normal table=standing position and secondly when tilted 90° to stand on a normally vertical
side| In each position it shall be rotated 360° in the horizontal plane. The highest reading $hall
be the characteristic value for the EUT.

The| measuring system is calibrated by replacing the EUT with a half-wave dipole B.|The
centre of this calibrating dipole B shall be placed in the same spot as the geometric centre of
the previously measured EUT and parallel with the measurement antenna A, and be
connected to a signal generator. The radiated power from the cabinet of the EUT is defined as
the power at the terminals of the half-wave dipole B when the signal generator is adjusted to
give the same reading on the measuring receiver as the maximum reading recorded
earlier (Y), at each frequency of measurement.

When measurements are made with both horizontally and vertically polarized measuring
dipoles, separate calibrations-must shall be made for the two modes.

7.8.6 Measurement uncertainty for substitution method

General and basic considerations about uncertainties of emission measurements are given in
CISPR 16-4-1.
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7.9 Reverberation chamber measurements (80 MHz to 18 GHz)

Radiated emission measurements may be performed in reverberation chambers using the
methods specified in IEC 61000-4-21 [8]. Conditions for the use of alternative test methods
are given in CISPR 16-4-5. General and basic considerations about uncertainties of emission
measurements are given in CISPR 16-4-1.

7.10 TEM waveguide measurements (30 MHz to 18 GHz)

Radiated emission measurements may be performed in TEM waveguides using the methods
specified in IEC 61000-4-20. Conditions for the use of alternative test methods are given in
CISPR 16-4-5. General and basic considerations abouf uncerfainfies of emijslsion
megsurements are given in CISPR 16-4-1.

8 [Automated measurement of emissions

8.1 Introduction — Precautions for automated measurements

Much of the tedium of making repeated EMI measurements can be,rémoved by automation.
Opefrator errors in reading and recording measurement values .are minimized. By using a
comfputer to collect data, however, new forms of error can be infroduced that may have heen
detgcted by an operator. Automated testing can lead, in~some situations, to grgater
megsurement uncertainty in the collected data than manual ymeasurements performed by a
skilled operator. Fundamentally, there is no difference in the accuracy with which an emisjsion
value is measured whether manually or under sgftware control. In both cases,| the
megsurement uncertainty is based on the accuracy{specifications of the equipment usgd in
the fest set-up. Difficulties may arise, however, when the present measurement situatign is
diffgrent from the scenarios the software was configured for.

For example, an EUT emission adjacent in‘frequency to a high level ambient signal may| not
be measured accurately, if the ambientisignal is present during the time of the autompted
test] A knowledgeable tester, howeveér, is more likely to distinguish between the agtual
intefference and the ambient signal;~therefore the method for measuring the EUT emisfsion
can [be adapted as required. Howeyver, valuable test time can be saved by performing ambient
scans prior to the actual emission measurement with the EUT turned off to record ambient
signfals present on the OATS. In this case the software may be able to warn the operator of
the |potential presence of “ambient signals at certain frequencies by applying appropriate
sign@al identification algarithms. Operator interaction is recommended if the EUT emissign is
slowly varying, if the’EUT emission has a low on-off cycle or when transient ambient signhals
(e.g} arc welding transients) may occur.

8.2 [ Genericimeasurement procedure

Sigrjals (need to be intercepted by the EMI receiver before they can be maximized |and
medsyred. The use of the quasi-peak detector during the emission maximization process$ for
all freguencies—inthe spectrum of interest leads to excessive test times (see 6.6.2) Time-
consuming processes like antenna height scans are not required for each emission frequency.
These should be limited to frequencies at which the measured peak amplitude of the emission
is above or near the emission limit. Therefore, only the emissions at critical frequencies
whose amplitudes are close to or exceed the limit will be maximized and measured. The
generic process depicted in Figure 24 will yield a reduction in measurement time.
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Signal detection (prescan)

Data reduction

Emission maximization
and final measurement

I

Post processing
and reporting

IEC

Figure 24 — Process to give reduction of measurement time

8.3 Pre-scan measurements

8.3.1 General

Thig initial step in the overall measurement procedure servesmultiple purposes. Pre-gcan
places the least number of restrictions and requirements upen the test system since its
purpose is to gather a minimal amount of information upon, which the parameters of additipnal

signjals are located. Depending on the goal of this.measurement, antenna tower and turntpble
moviement may be necessary (for the radiated.emission test) as well as improved frequg¢ncy
accyracy (e.g. for further processing on an>OATS) and data reduction through amplifude
comjpparison. These factors define the mieasurement sequence during the executio
pre-scan. In any case, the results will betstored in a signal list for further processing. When a
pre-scan measurement is made to quickly obtain information on the unknown emi
spec¢trum of an EUT, frequency scanning can be performed by applying the considerat
of 6/6.

8.3.2 Determination of the required measurement time

If the emission spectrum*and especially the maximum pulse repetition interval 7, of the EUT
are not known, they'shall be investigated to assure the measurement time T, is not shorter
than 7,. The intermittent character of the emission of an EUT is especially relevant for critical
peaks of the ,emission spectrum. First it should be determined at which frequencies| the
amplitude of-the emission is not steady. This can be done by comparing the maximum-hold
with| a minimum-hold or clear/write function of the measuring equipment or software, |and
erving the emission for a period of 15 s. During this period no change in the set-up shpuld
ade (no change of lead in case of conducted emission, no movement of absorbing clgmp,

O Veinehn O cHTtaoTe—o aitehrha T—CaSe—o0 attatet—etmiSSToO1)- grarS— Wit —€-0~ nore
than 2 dB difference between the maximum-hold result and minimum-hold result are marked
as intermittent signals. (Care should be taken not to mark noise as intermittent signals.)

In case of radiated emission, the polarization of the antenna is changed and the measurement
is repeated, to reduce the risk that certain intermittent peaks are not found because they
remain below noise level. From each intermittent signal the pulse repetition period 7, can be
measured, by applying zero-span or using an oscilloscope connected to the IF-output of the
measurement receiver. The correct measurement time can also be determined by increasing it
until the difference between maximum-hold and clear/write displays is below e.g. 2 dB. During
further measurements (maximization and final measurement), it shall be assured for each part
of the frequency range that the measuring time T, is not smaller than the applicable pulse
repetition period Th,.
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Pre-scan requirements for different types of measurements

016

The type of measurement determines the definition of a pre-scan measurement in the
following way.

For radiated emissions in the frequency range from 9 kHz to 30 MHz, e.g. per CISPR 11
[1], both the loop antenna and the EUT need to be rotated to find the maximum field

strength while the receiver is scanning the emission spectrum.

In the frequency range from 30 MHz to 1000 MHz, the antenna height may be preset to

fixed heights given in Table 7, based on measurement distance, frequency range
polarization. The necessary pre-scan _measurements-must shall be made for a suffic

and
ient

number of EUT azimuths. For quick overview measurements this will yield an indicatign of
the radiated emission amplitudes as a starting point for final maximization. If\a rore

detailed determination of the worst-case antenna height, polarization and EUT ‘azimu
desired, the applicable standard should be used to determine the appropriate,maximiza

his
tion

procedure.

e In the frequency range above 1 GHz, the antenna needs to be positioned,in horizontalland

vertical polarization and the EUT rotated to find the maximum field 'strength while| the
egmission spectrum is scanned. For details of the test procedure, see7.6.6.1.
Table 7 — Recommended antenna heights to guarantee signal interception
(for pre-scan) in the frequency range 30 MHz to 1 000 MHz
. . Recommended antenna
Measurement distance Polarization Frequency range heights for each
frequency range
(minimum / maximum)
" "
30 to 100 2,5
h 100 to 250 1/2
250 to 1 000 1/1,5
’ 30 to 100 1
v 100 to 250 1/2
250 to 1 000 1/15/2
30 to 100 4
h 100 to 200 25/4
200 to 400 1,5/2,5/4
400 to 1 000 1/1,5/2,5
94 30 to 200 1
200 to 300 1/3,5
Y 300 to 600 1/2/3,5
600 to 1 000 1/15/2/3,5
30 to 300 4
h 300 to 500 25/4
500 to 1 000 1,56/25/4
30 30 to 500 1
v 500 to 800 1/3,5
800 to 1 000 1/2,5/3,5
NOTE1 a) The recommended antenna heights were derived for source phase-centre heights of between
0,8 m and 2,0 m for maximum errors of 3 dB (which is good for a pre-scan only). If the range of
phase centre heights is reduced, the number of receive antenna heights may be reduced. If radiation
pattern lobes exist (distinct peaks and nulls), e.g. in the upper frequency ranges, more antenna
heights may be needed.
NOTE-2 b) For very large EUTs, e.g. telecom systems, the receiving antenna may need to be positioned
in several vertical and horizontal positions, depending on the antenna beam width.
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8.4 Data reduction

The second step in the overall measurement procedure is used to reduce the number of
signals collected during pre-scan and is thus aimed at further reduction of the overall
measurement time. These processes can accomplish various tasks, e.g. determination of
significant signals in the spectrum, discrimination between ambient or auxiliary equipment
signals and EUT emissions, comparison of signals to limit lines, and data reduction based on
user-definable rules. Another example of data-reduction methods involving the sequential use
of different detectors and amplitude versus limit comparisons is given by the decision tree in
Annex C of CISPR 16-2-1:2014. Data reduction may be performed fully automated or
interactively, involving software tools or manual operator interaction. It need not be a separate
secfforrof theautomatedtest, e itTmay be partof a pre-scam.

In certain frequency ranges, especially the FM band, an acoustic ambient discriminatign is
very| effective. This requires signals to be demodulated to be able to listen to their-modulgtion
confent. If an output list of pre-scan contains a large number of signalsyand acodstic
discfimination is needed, it can be a rather lengthy process. However, if the frequency ranges
for [tuning and listening can be specified, only signals within these) ranges willl be
demodulated. The results of the data reduction process are stored in a separate signal list for
further processing.

8.5 Emission maximization and final measurement

During the final test the emissions are maximized to determine their highest level. Aftel| the
maximization of the signals, the emission amplitude is measured using quasi-peak detegtion
andjor average detection, allowing for the appropriateémeasurement time (at least 15 s if the
reading shows fluctuations close to the limit).

The|type of the radiated emission measuremernit defines the maximization process yielding the
highest signal amplitudes:

e in the frequency range from 9 kHz .too 30 MHz — maximization of the indicated levedl by
ariation of the EUT azimuth angle’and the azimuth angle of the (vertical) plane ofl the

lpop antenna (e.g. tests for CISRR* 11 [1]);

in the frequency range from*30 MHz to 1 000 MHz — maximization of the indicated levgl by
ariation of height and polarization of the measurement antenna as well as variation of the
EUT azimuth;

e in the frequency range above 1 GHz — maximization of the indicated level by variatign of
ﬂhe antenna polafization and variation of the EUT azimuth and, if the EUT surface is wider
han the antenna’beam, by moving the antenna along the EUT surface.

Befqre the actual maximization sequence can be executed, the worst-case EUT set-up s$hall
be determined to ensure the detection of maximum emission amplitudes. The procesks of
finding the.EUT and cable configuration that yields the worst case emissions is primarfly a
manual-operation. This can be done using a scanning receiver with a graphical display of the
emi = 5 in
amplitudes as cable and equipment layouts are manipulated. The automated final
measurement of emissions should begin after the worst case EUT operating mode and layout
has been configured.

The measurement of a particular radiated emission includes a maximization process involving
the rotation of the EUT, scanning the receive antenna over a height range, and changing
antenna polarization. This time-consuming search process can be effectively automated, but it
must shall be recognized that a variety of search strategies may be used that can lead to
different results. In case of previous knowledge of the radiation characteristics of an EUT, a
maximization sequence should be chosen that allows the determination of the worst-case
amplitude within the search ranges of the antenna mast and the turntable. For instance, if the
EUT emits highly directive signals in the horizontal plane, e.g. due to slots in the case, the
turntable should be rotated continuously while taking data with the receiver. A table
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movement in discrete steps, on the other hand, may not allow the detection of the maximum
amplitude or may cause the signal to be missed completely if the chosen angular increments
of the positions are too far apart. The scan time of the spectrum analyzer should be less than
the time for 15° of rotation of the turntable to produce effective maximization data.

One search strategy might be to rotate the turntable 360° while leaving the antenna at a fixed
height to find the angle for maximum emission amplitude. Next, the turntable is rotated back
over the full range after the antenna polarization was changed (e.g. from horizontal to
vertical). During this process test data is taken continuously with the receiver and at the end
of the second table scan the highest amphtudes based on turntable angle and antenna
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mentation.

Post-processing and reporting
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corrected peak, quasi-peak or average signal amplitudes should be available as so
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Annex A
(informative)

Measurement of disturbances in the presence of ambient emissions

A.1  General

High ambient emissions have to be accounted for during in situ tests (conducted and radiated)
and type tests on an open-area test site (OATS). It is the purpose of this annex to describe
me u u u | tuati

In spme circumstances, the procedures will not provide a solution to the problems ‘causefl by
amblient signals. In particular, the procedures cannot be expected to overcome,the problems
of 5/2.4 of CISPR 16-1-4:2010. But aside from this caveat, the following procedures can be
used.

A.2| Terms and definitions

A.21
EUT| disturbance
EUT| emission spectrum to be measured

A.2.2
ambient emission
emigsion spectrum superimposed on the EUT.\disturbance spectrum that influences| the
accyracy of the EUT disturbance measurement

Lo E

A.3| Problem description

During in situ tests and type tests on an OATS the ambient emissions frequently do| not
correspond to the ambient radio frequency environment of the test site recommendations of
CISPR 16-1-4.

The|radio disturbance) of the EUT is often located within the frequency bands of ambient
emigsions and cannoet be measured with a radio disturbance measuring receiver as specjfied
in CISPR 16-1-%-due to insufficient frequency spacing between the EUT disturbance and the
amblient emission or due to superposition.

The|CISPR standard measuring receiver is suitable to provide uniform test results for all types
of radjo“frequency emissions, where the EUT disturbance alone is to be measured. It is,
however, not optimized 1o discriminate between EUT disturbance and ambient emissions or to
measure the EUT disturbance in the aforementioned situation.

Because in actual interference investigation situations there are no alternatives to an in situ
test, a solution is described below for cases when a differentiation between EUT disturbance
and ambient emission is possible.

A.4 Proposed solution

A.4.1 Overview

EUT disturbance emissions a-nd ambient emissions can be categorized as in Table A.1.
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Table A.1 — Combinations of EUT disturbance and ambient emissions

EUT disturbance Ambient emission
Narrowband
Narrowband
Broadband
Narrowband
Broadband
Broadband

ponents are contained in the receiver bandwidth. A CW signal will always\be narrowb
arrow FM signal can be either narrow or broadband, depending on the“actual recq
bangwidth. On the contrary, an impulsive signal will usually be broadband because a fe
its g$pectral components will be within and many of its spectral components outside

iver bandwidth.

measurement of the EUT disturbance is a manifold problem: first, to identify

dband emission. Modern measuring receivers and spectrum analyzers provide var
lution bandwidths and detector types. These can be used to analyse the comb
trum, to distinguish between EUT disturbanCe* and ambient emission spectra

ase of type testing on an OATS, Jidentification and pre-measurement of the

ally) absorber-lined shielded room; and final testing on an OATS, whereby level
bsions hidden by ambients mayibe determined by comparison with emissions in

ity.

brposition of the emissions shall be accounted for when EUT disturbance and amtk
sions cannot be separated. The separation needs an EUT disturbance-and-amb
sion to ambient-emission ratio of about 20 dB.

hses where IE-bandwidths and detectors are different from the specified bandwidth
quasi-peak)(QP) detector, the QP value in the specified bandwidth is the reference fo
surementserror determination.

re,A-1 shows a flow diagram for the selection of bandwidths and detectors and
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A.4.2 Pre-testing the EUT in a shielded room

Emission frequency and amplitude data acquired from preliminary testing in a shielded room
may be used under certain restrictive conditions (a simple shielded room is not an absorber-
lined shielded room — semi-anechoic or anechoic — and thus does not meet present NSA
values in Annex E of CISPR 16-1-4:2010, (Annex A of [4])). This will give the emission
spectrum that has significant amplitudes. In cases of narrowband emission the product
emission spectrum contains harmonics and subharmonics of any clock frequency used in the
product.

Thege—pre-testrosulis—may be used todetermine—productemission—amplitudes—in—sceftain
restrictive situations. In particular, when the final compliance test is performed at an. OATS
and|one (or more) of the frequencies are masked (hidden) by an RF ambient, chances| are
that|an adjacent frequency to these masked frequencies will not coincide precisely with an RF
ambient. Hence, the unmasked emission can be recorded in the usual manher using| the
reqyired receiver or spectrum analyzer bandwidth. Then the amplitude of thesEUT emislsion
that|is masked by the high RF ambient can be judged using the preliminary quiet-chamber
measurements in the following way.

Assyme that during the shielded room preliminary measurements-that'two adjacent frequg¢ncy
emigsions differ in amplitude by X dB (see Figure A.2). Next one-of.these frequencies tha{ are
not masked by the RF ambient is measured at the OATS. The-difference in amplitude (X dB)
of the masked frequency from the measurable adjacent(frequency can be added tg (or
subfracted from, depending on the sign of the difference).the amplitude found in the shie]ded
room to determine the amplitude of the adjacent frequencies. This is shown in Figure |A.2,
whefe (assuming that the frequency f; is the maskéd frequency and f; is not masked),| the
ampllitude for f; is shown as X dB greater than the‘@mplitude at f;. Then to find the amplifude
of £} at the OATS, X dB is added to the value of:the measurable amplitude of f,. Similarly, if
the amplitude of fg were Y dB less than that for\f; found during the quiet-chamber testing] the
amplitude of fg (if masked by an ambient)“would be Y dB less than that of f;, which is
assyimed to be measurable at the OATS.

NOTE The above procedure emphasizes what is contained in point d) of 7.3.6.2 (Test environment).
Several precautions should be taken in using this restricted procedure.

a) The adjacent frequency found in preliminary testing should not be more than one or|two
hdjacent frequencies  away (usually a sub-harmonic or harmonic of the basic dlock
frequency), so that-the effect of the shielded room irregularities will not unnecessarily
enhance or depress frequencies adjacent to the frequency to be estimated on the OATS.
n this case, the-value of X (or Y in Figure A.2) may not be suitable.

b) The amplitudes of adjacent frequencies need to be measured very carefully by height
scan of (the receive antenna in the quiet chamber (as would be the case for the final
compliance measurement). If full height scan cannot be made, alternate correIaT]Lons

pbetween the quiet-chamber measurements and the corresponding OATS measuremgnts
(for

nay have to be made before applying this OATS amplitude estimation technique
emissions masked by the RF ambient).

c) For those quiet chambers that are fully absorber-lined on all six sides of the chamber,
alternate height-scan techniques might be available, such as measurements at two or
three fixed heights (since the ground plane reflections are suppressed and that
contribution to the received signal diminished) and using the maximum of these readings.
Such techniques may need the same correlation measurements as stated in item b)
above.
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Relative amplitude dB

NOTE Generally f, is n times f,, the EUT fundamental emission frequency._(basic clock frequency).

A.4.

A4,

Depending on the type of EUT disturbance, its measurement is based on

A.4

A
i A
. YdB |
i v
- A

X dB

! ! ! f f f f f

30 fo A B B A s i o fa 100

Frequency MHZ

Figure A.2 — Relative difference in adjacent emission amplitudes
during preliminary.testing

3 Method of measurement of EUT disturbances in the presence
of narrowband ambient emissions
3.1 General

the analysis of the combined spectrum with a bandwidth narrower than that of
CISPR measuring receiver,

the determination of a suitable measurement bandwidth for the selection of narrowf
disturbance close to'ambient emissions,

the use of the peak detector (if the disturbance is AM or pulse modulated) or the ave
detector,

the increase-of the EUT disturbance to ambient emission ratio in case of a narrowj

ent-bandwidth is used, and

ecounting for superposition of EUT disturbance and ambient emission, if separation is
pUbebiU.

3.2 Unmodulated EUT disturbance

IEC

the

and

rage

and

disturbance within a relatively broadband ambient emission when a narrower measure-

not

The unmodulated EUT disturbance (see Figure A.3) can be separated from the ambient signal
carrier by choosing a suitably narrow measurement bandwidth. Either the peak or the average
detector may be used. There is no additional measurement error compared with the quasi-
peak detector. If the difference in level between peak and average values is very small (for
example, lower than 1 dB), the measured average value is equivalent to the quasi-peak value.


https://iecnorm.com/api/?name=9ab2d03712fe0c058102dfdce19f6561

-84 — CISPR 16-2-3:2016 RLV © IEC 2016

Ambient emission
EUT disturbance

_ 120 kHz IF bandwidth

Receiving frequency

Key

dotted line EUT disturbance
solid|bold line ambient emission
thin ljne 120 kHz IF bandwidth

Figure A.3 — Disturbance by an unmodulated signal (dotted-line)

A.43.3 Amplitude-modulated EUT disturbance

The| amplitude-modulated EUT disturbance (see Figure A.4)“can be separated from| the
amblient signal carrier by choosing a suitably narrow measurement bandwidth. Care should be
taken to ensure that the narrow measurement bandwidth-chosen does not suppress| the
modulation spectra of the EUT disturbance. Suppression of the modulation spectrp is
recdgnised by a decrease in the peak amplitude of the EUT disturbance as a result of| the
increase of selectivity.

120 kHz IF bandwidth

Chosen bandwidth

Receiving frequency
IEC

Key

dotted line EUT disturbance
solid|bold line ambient emission
thin ljne 120 kHz IF bandwidth

Only the peak detector with a measurement time greater than the reciprocal of the modulation
frequency can be used. An additional measurement error shall be accounted for at modulation
frequencies below 10 Hz (0,4 dB at 10 Hz; 1,4 dB at 2 Hz for bands C and D and 0,9 dB at
10 Hz; 3 dB at 2 Hz for band B), where the peak value is above the quasi-peak value. The
QP-value as a function of the modulation frequency is shown in Figure A.5.
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76
Ly ===t
75,5 ~
¢
/
75 7
/
74,5 ./
< —®—QP-readin
2 ,‘/ Rand B 9
D 74 _
° ’/ —®— QP-reading
‘% Band C, D
>
o 73,5 /
° /
73 /
1’4
/
72,5 7
4
72
1 10 100 1 000

Frequency kHz IEC

Figure A.5 — Indication of an amplitude-modulated signal as a function of
modulation frequency with the QP detectorin CISPR bands B, C and D

3.4 Pulse-modulated EUT disturbance

In @
diffi
add
for.

For
avel
neg

ases of low repetition frequency, an additional error is possible, but as long as

tional measurement errors compared with the quasi-peak value need not be accou

p pulse width #(=)50 us, Figure A.6 shows that as long as the difference between peak

narrowband pulse-modulated disturbanc€&’from the EUT is classified as a special cage of
litude modulation and can also be separated from the ambient signal carrier by a suifably
bw measurement bandwidth. The setectivity-must shall not lead to a suppression of the
modulation spectra. Only the peak detector can be used.

the

rence between peak- and-average detector reading is in the order of 12 dB to 14 dB,

nted

and

age levels is\less than or equal to 14 dB, the deviation between peak and QP levels is
igible. Soj/the comparison between peak and average levels may be used to verify| the
usability of.the peak detector.
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Comparative measurement: / = 60 MHz; IF-BW = 120 kHz; 1 = 50 ps
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Figure A.6 — Indication of a pulse-modulated signal (pulse width 50 ps) as a function
of pulse repetition frequency with peak; QP and average detectors

A.43.5 Broadband EUT disturbance

For the measurement of broadband disturbance (see Figure A.7) the quasi-peak detector ghall
be wWsed. In fact it is not possible to.carry out a measurement within the ambient signal
bandwidth. Because of the finite bandwidth, the disturbance can generally be measured
outdide the ambient signal spectrum, using the quasi-peak detector.

...o-ooo.aoo-oooooc.
.

oo ®

o

D —— 120 kHz IF bandwidth

Receiving frequency

IEC

Key

dotted line EUT disturbance
solid bold line ambient emission
thin line 120 kHz IF bandwidth

Figure A.7 — Disturbance by a broadband signal (dotted line)

A.4.4 Method of measurement of EUT disturbance in the presence of broadband
ambient emissions

A.4.4.1 General

For this case the measurement method is based on
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— the analysis of the combined spectrum with a bandwidth equal to the CISPR measuring
receiver,

— measurement with a narrow bandwidth (in case of narrowband EUT disturbance; the use
of a narrow bandwidth will increase the EUT disturbance to ambient emission ratio),

— the use of the average detector for narrowband EUT disturbance, and

— accounting for superposition of EUT disturbance and ambient emission, if separation is not
possible.

AA4.

The
detsg
of th
be 1

4.2 Unmodulated EUT disturbance

amplitude of the EUT disturbance (see Figure A.g) should be measured with the ave

amblient emission ratio (selectivity method).
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d line EUT disturbance
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ne 120 kHz IF bandwidth
Figure A.8 — Unmodulated EUT disturbance (dotted line)
4.3 Amplitude-modulated EUT disturbance

amplitude of the EUTdisturbance (see Figure A.9) is measured with the ave
ctor, although an_additional measurement error of up to 6 dB (at 100 % modula
pared with a quasi*peak detector shall be accounted for. The measurement bandwi
ben should maximize the EUT disturbance to ambient emission ratio (selectivity metho

~~

120 kHz IF bandwidth

ctor (specified in CISPR 16-1-1). The measurement error depends on the average+y
e broadband signal spectrum within the selected bandwidth. This measurement_erfor
ninimized by choosing a measurement bandwidth that maximizes the EUT disturbande to
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thin line 120 kHz IF bandwidth

Figure A.9 — Amplitude-modulated EUT disturbance (dotted line)
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4.4 Pulse-modulated EUT disturbance

It is not easy to detect and recognise a pulse-modulated EUT disturbance in a broadband
ambient signal spectrum with a high level of reliability, because the 100 % amplitude
modulation of the disturbance may mask the EUT disturbance within the spectrum.

The amplitude of the EUT disturbance can be measured with the average detector in case of
high duty cycles. Due to the 100 % amplitude modulation depth with smaller duty cycles, the
use of the average detector will cause an increasing measurement error compared with
the quasi-peak detector. In the case of a duty cycle of 1:1 and use of the linear average
detector, the measurement error is 6 dB. The measurement bandwidth should be such that

the

relationship between the measured average value of the EUT disturbance and

avefage value of the broadband ambient signal is maximized.

In c

hse of low duty cycles, the average value will substantially deviate from the’QP va

In this case the peak detector should be used together with a measurement bandwidt

narr
Sup

A.4.
As

sign
spe

The

pw as possible but still wide enough to capture the complete distusbance bandw
brposition with the ambient emission may have to be accounted for.

4.5 Broadband EUT disturbance
rule, broadband disturbance cannot be detected or meastired in a broadband aml

| spectrum. It may be possible to measure such a disturbance outside the ambient si
trum or by accounting for superposition.

combinations of EUT disturbance with the ambientyemission, and the error involved in

megsurement, are displayed in Table A.2.

NOT
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E A scanning receiver or spectrum analyzer will show the spectra of two different broadband signals, u

instryment is harmonically related with the measured-\pulse rates.
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Determination of the EUT-disturbance in case of superposition

5 a result of the selection oftthe EUT disturbance and the ambient emission, the meas
| to ambient emission ratig:is lower than 20 dB, the superposition of ambient emission

EUT| disturbance needs to be accounted for. For impulsive broadband voltage, the follo

calc

The

ulation can be made:

received signal U, is the sum of the EUT disturbance U; and the ambient emission

U, qan be measured only when the EUT is switched off. The superposition is linea

the

beak detector (see Figure A.10).
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Figure A.10 — Increase of peak value with superposition of two unmodulated signals
Thelfollowing equation applies when using the peak detector:
U, =U; +Uy, A1)
The|EUT disturbance can thus be calculated from
U; =U, -U, (A.2)

The|amplitude ratio d of the Ffeceived signal to the ambient emission can be measured easjly.

U
D:U—f, 4 =201gD A-3)

a

The|ambientemission U, can be substituted in Equation (A.2):

==L —U[’I = A4
i=Ur—— = rL DJ 4)
or
1
Ui =Ur,dB +20|9(1—Ej (A.5)

Defining i by Equation (A.6) as
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1
| =-20Ig 1-—

(A.6)

serves to determine the amplitude of the EUT disturbance. The factor i is illustrated
in Figure A.11. Using i from Figure A.11, the amplitude of the EUT disturbance can be

calculated as follows:

Ui,dg =Ur,dB —1

(A.7)

A

18\

\
16 -8 PK-Det.
14 == AV-Det.
12 \\

\ AN

RN ~

4 N ~
\-\\.\

Key:

U, is the ambient signal in dB

U, is the_resulting indication of received signal (by superposition) in dB
U, is_the disturbance signal in dB

d=U U,

U/=U, —i

2 ~ ~—
\:\ \T\
0 s T 1
1 2 4 6 8 10 12 14 16 18 20
Amplitude ratiod dB
EC

i =—20Ig(1-1/D)

Figure A.11 — Determination of the amplitude of the disturbance signal
by means of the amplitude ratio 4 and the factor i (see Equation (A.3)
and Equation (A.6))

Figure A.11 can be used as follows:

a) measure the ambient field strength U, in dB(uV/m) (EUT off);
b) measure the resultant field strength U, in dB(uV/m) (EUT on);
c) determine d = U, - Uy;

d) find the value of i from Figure A.11;
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e) determine U, in dB(uV/m) using U; = U, - i.

If the received signal is measured with the average detector, Figure A.12 can be applied.
Figure A.12 shows that in the case of unmodulated signals the following equation

U, =U? +U2 (A.8)

can be used with an additional measurement error of up to about 1,5dB. In case of

modulation, the error decreases (see Figure A.12) but the errors in Table A.2 shall be
accaunted for

By means of the average detector, the in-band disturbance can be estimated by)applying
Equption (A.7) if the curve of the average detector (Figure A.11) is used. In this ‘caseg| the
factor i is defined as

. 1
i= —10Ig(1 -— h9)
D
1,0
—=—Equation (A.8) —=— Ua! CW Ua: AM/99% -a- Ua: AM/99 %
3.0 Ui CW U Indp.mod. Ui CW
’ f=A us
@ tr=10 ps J /
Z +
=) / Pid
A L4
L 20 -
8 . N . %
N ‘ _
£ i T
0 ; Ar/ -
P - - b
> N - = / B
s |-/ I —— =
== = = = ._y/ e
X I N BRI
0,0 ‘
-14 A2 -10 -8 6 4 - o

Amplitude ratio: Uy (dB) - U; (dB)
IEC

Figure A.12 — Increase of average indication measured with
a real receiver and calculated from Equation (A.8)
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B.1

Annex B
(informative)

Use of spectrum analyzers and scanning receivers

General

When using spectrum analyzers and scanning receivers, the following characteristics should

be gadressed See afso Clause 6 of this standard for aaditionat mformattom.

B.2

Mostt spectrum analyzers have no RF preselection in the frequency range up,to 2 000 N

that

Overload

is, the input signal is directly fed to a broadband mixer. To avoid oVverload, to pre

Hz;
vent

damage and to operate a spectrum analyzer linearly, the signal amplitude at the mixer shpuld
typi¢ally be less than 150 mV peak. RF attenuation or additional RE) preselection may be
reqyired to reduce the input signal to this level.

B.3| Linearity test

Lingarity can be evaluated by measuring the level of{the specific signal under investigqtion
and|repeating this measurement after an X dB attengator has been inserted at the input of the
recgiver or, if used, the preamplifier (X > 6 dB). The new reading of the receiver dislplay
shouild differ by X dB up to +0,5 dB from the first reading, if the measuring system is lineai|.
B.4| Selectivity

The| spectrum analyzer and scanning receiver-must shall have the bandwidths specified in
CISPR 16-1-1 to correctly measure broadband and impulsive signals, and narrowhand
distdrbances with several specttum components within the standardized bandwidth.

B.5| Normal response to pulses

The|response of a‘spectrum analyzer and a scanning receiver with quasi-peak detection|can
be erified withsthe calibration test pulses specified in CISPR 16-1-1. The large peak voljage
of the calibration test pulses typically requires insertion of an RF attenuation of 40 dB or more
to satisfy \the linearity requirements. This decreases the sensitivity and makes | the
measurement of low repetition rate and isolated calibration test pulses impossible for bands
B, § @nd D. If a preselecting filter is used ahead of the receiver, then the RF attenuation|can
be aeereased—Fhefitertimits—the-speetrumwidth-of-the—ealibrationtestpulse—as—seenby the
mixer.

B.6 Peak detection

The normal (peak) detection mode of spectrum analyzers provides a display indication that, in
principal, is never less than the quasi-peak indication. It is convenient to measure emissions
using peak-detection because it allows faster frequency scans than quasi-peak detection.
Those signals that are close to the emission limits then need to be re-measured using quasi-
peak detection to record quasi-peak amplitudes.
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B.7 Frequency scan rate

The scan rate of a spectrum analyzer or a scanning receiver should be adjusted for
CISPR frequency band and the detection mode used. The minimum sweep time/frequenc
the-fastestsean—rate is listed in the following table:

Band Peak-detection Quasi-peak detection
A 100 ms/kHz 20 s/kHz
B 100 ms/MHz 200 s/MHz
Cand D 1 ms/MHz 20 s/MHz

For fa spectrum analyzer or scanning receiver used in a fixed tuned non-scanning>mode
display sweep time may be adjusted independently of the detection mode and, accordin
the |needs for observing the behaviour of the emission. If the level of disturbance is
steddy, the reading on the receiver must be observed for at least 15 s-to determine
maximum (see 6.5.1).

B.8| Signal interception

the
y-of

the
g to
not
the

The| spectrum of intermittent emissions may be captured-with peak-detection and digital
display storage if provided. Multiple, fast frequency scans reduce the time to intercept an
emigsion compared to a single, slow frequency scan. The starting time of the scans shoulf be

varied to avoid any synchronism with the emission and'thereby hiding it. The total observa
timg for a given frequency range-must shall be lenger than the time between the emissi

Depending upon the kind of disturbance being:measured, the peak detection measuremtEnts

can[replace all or part of the measurements, needed using quasi-peak detection. Re-
using a quasi-peak detector should thenxbe made at frequencies where emission ma
have been found.

B.9| Average detection

Average detection with a spectrum analyzer is obtained by reducing the video bandwidth
no further smoothing of the displayed signal is observed. The sweep time—must shal
increased with reductions in video bandwidth to maintain amplitude calibration. For §
medsurements, the.teceiver shall be used in the linear mode of the detector. After li
detgction is made, \the signal may be processed logarithmically for display, in which cas¢g
value is correctedieven though it is the logarithm of the linearly detected signal.

A logarithmic”amplitude display mode may be used, for example, to distinguish more e
between _narrowband and broadband signals. The displayed value is the average of

tion
ons.

sts
ima

until
| be
such
hear
the

bsily
the

logdrithmically distorted IF signal envelope. It results in a larger attenuation of broadh

and

signals than In the linear detection mode without arfecting the display OT narrowband sigr

als.

Video filtering in log-mode is, therefore, especially useful for estimating the narrowband

component in a spectrum containing both.

B.10 Sensitivity

Sensitivity can be increased with low noise RF pre-amplification ahead of the spectrum

analyzer. The input signal level to the amplifier should be adjustable with an attenuator to
the linearity of the overall system for the signal under examination.

test

The sensitivity to extremely broadband emissions that require large RF attenuation for system

linearity is increased with RF preselecting filters ahead of the spectrum analyzer. The fi
reduce the peak amplitude of the broadband emissions and less RF attenuation can be u

Iters
sed.
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Such filters may also be necessary to reject or attenuate strong out-of-band signals and the
intermodulation products they cause. If such filters are used, they-must shall be calibrated
with broadband signals.

B.11 Amplitude accuracy

The amplitude accuracy of a spectrum analyzer or a scanning receiver may be verified by
using a signal generator, power meter and precision attenuator. The characteristics of these
instruments, cable and mismatch losses have to be analysed to estimate the errors in the
verification test.
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Annex C
(informative)

Scan rates and measurement times for use with the average detector

C.1 Purpose

This annex is intended to give guidance on the selection of scan rates and measurement
timgs when measuring impulsive disturbance with the average detector.

Thel|average detector serves the following purposes:

a) suppress impulsive noise and thus to enhance the measurement of CW{¢components in
isturbance signals to be measured,;

b) suppress amplitude modulation (AM) in order to measure the carrief level of amplifude
odulated signals;

C) show the weighted peak reading for intermittent, unsteady or drifting narrowhand
disturbances using a standardized meter time constant.

Clayse 6 of this standard defines the average measuring(receiver for the frequency rgnge
9 kHz to 1 GHz.

In order to select the proper video bandwidthynand the corresponding scan rate or
megsurement time, the following considerations apply.

C.2| Suppression of disturbances

c.2i Suppression of impulsive disturbance

The|pulse duration T, of an imputlsive disturbance is often determined by the IF bandwjdth,
Bies| i-€. T, = 1/Bgs. For the-suppression of such noise, the suppression factor a is then
detgrmined by the video bandwidth B4, relative to the IF bandwidth, i.e. a =201ef Ig
(Bres/Byideo)- The bandwidth’ B,,4., is determined by the bandwidth of the low-pass filter
following the envelope . detector. For longer pulses, the suppression factor will be lower than a.
The|minimum scan time' 7y ., (and maximum scan rate Ry ,5,) is determined using:

k Af
R A (c.1)
¢ Bres Bvideo

P Af :Brestideo
T Tsmin k

A~

2)

where

A is the frequency span and

k is a proportionality factor that depends on the speed of the measuring receiver
or spectrum analyzer.

For the longer scan times, & is very close to a factor of one (1). If a video bandwidth of 100 Hz
is selected, the maximum scan rates and pulse suppression factors in Table C.1 are obtained.
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Table C.1 — Pulse suppression factors and scan rates for a 100 Hz video bandwidth

Band A Band B Bands C and D
Frequency range 9 kHz to 150 kHz 150 kHz to 30 MHz 30 MHz to 1 000 MHz
IF bandwidth B 200 Hz 9 kHz 120 kHz
Video bandwidth B, 100 Hz 100 Hz 100 Hz
Maximum scan rate 17,4 kHz/s 0,9 MHz/s 12 MHz/s
Maximum suppression factor 6 dB 39 dB 61,5 dB

Thig can be applied for product standards calling out quasi-peak and average limits in baL

B (gnd C) if short pulses are expected in the disturbance signal. Compliance of the-EUT

nds

with

both limits shall be demonstrated. If the pulse repetition frequency is greater than-100 Hz|and

the
suffi

C.2.

Ave

uasi-peak limit is not exceeded by the impulsive disturbance, then the short-pulses
ciently suppressed for average detection with a video bandwidth of 100 Hz:

2 Suppression of impulsive disturbance by digital averaging

are

rage detection may be done by digital averaging of the signal amplitude. An equivalent
suppression effect can be achieved if the averaging time is equalto the inverse of the v
filtey bandwidth. In this case, the suppression factor ¢ = 20-teg-Ig (7,,B,es), Where Ty, is

deo

the

avefnaging (or measuring) time at a certain frequency. Congeguently a measurement time of

10 n

avefaging has the advantage of zero delay time, whew switching from one frequenc]

another. On the other hand, for averaging of a certainpulse repetition frequencyfp, the r
may| vary depending on whether n or (n + 1) pulses’are averaged. This has an effect of ||
than| 1 dB, for (7,,/,) > 10.

C.2.

Ino
sign
at t

maxjiimum measurement errorsdue to a 100 % modulation is limited to 1 dB, then
megsurement time 7\, should.be 7, = 10/f,,.

C.3

In C
defi
100
ban
wou

3  Suppression of amplitude modulation

ne lowest frequency. If f, is.the lowest modulation frequency, and assuming that

Measurement of slowly intermittent, unsteady or drifting narrowband
disturbances

ISPR 16-1-4- the response to intermittent, unsteady or drifting narrowband disturbance

dyreéquire very long measurement times (see Table C.2)

Table C.2 — Meter time constants and the corresponding video bandwidths
and-maximum minimum scan-rates times

ns will produce the same suppression factor as a video bandwidth of 100 Hz. Digital

to
sult
ess

der to measure the carrier of a modulated signal, the modulation has to be suppressed by
fal averaging over a sufficiently leng time, or by using a video filter of sufficient attenuation

the
the

s is

ned usingthe peak reading with meter time constants of 160 ms (for Bands A and B)|and
ms (for'Bands C and D). These time constants correspond to second order video filter
jwidth's of 0,64 Hz or 1 Hz respectively. For correct measurements, these bandwidths

Band A Band B Bands C and D
Frequency range 9 kHz to 150 kHz 150 kHz to 30 MHz 30 MHz to 1 000 MHz
IF bandwidth B¢ 200 Hz 9 kHz 120 kHz
Meter time constant 160 ms 160 ms 100 ms
Video bandwidth B, 0,64 Hz 0,64 Hz 1 Hz
Maximum Minimum scan 8,9 s/kHz 172 s/MHz 8,3 s/MHz
rate time
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This applies, however, only for pulse repetition frequencies of 5 Hz or less. For all higher
pulse widths and modulation frequencies, higher video filter bandwidths may be used (see
C.2.1). Figure C.1 and Figure C.2 show the weighting function of a pulse with 10 ms pulse
duration versus pulse repetition frequency Jo with peak reading (CISPR AV) and with true
averaging (AV) for meter time constants of 160 ms (Figure C.1) and 100 ms (Figure C.2).

Relative level dB

—60 i A N N A ; R S e
1 10 100

Jo Hz IEC

Figure C.1 — Weighting function of a 10 ms pulsé for peak (PK)
and average detections with (CISPR AV) and without)(AV) peak reading:
meter time constant 160 ms

Relative level dB
PK

Pl : [ R N T I A
10 100

fo Hz IEC

Figure C 2 — Weighting functions of a 10 ms pulse for peak (PK)
and average detections with (CISPR AV) and without (AV) peak reading:
meter time constant 100 ms

Figure C:1.and Figure C.2 imply that the difference between average with peak reading
(CISPR-AV) and without peak reading (AV) increases as the pulse repetition frequengy fo
dectneases. Figure C 3 and Figure C 4 show the difference for r"P =1 Hz as a function of pulse
width.
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Relative level dB
PK

10 100 1000

Pulse width ms
TEC

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

Relative level dB

RIS P2 <N SO N RO ) PR SUORN O O

10 100 1000

Rllse width ms IEC

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

C.4) Recommended procedure for automated or semi-automated
measurements

Whegn measuring EUTs that do not emit slowly intermittent, unsteady or drifting narrowhand
disturbances, it.is.recommended to measure with the average detector using a video filter
bandwidth of{e-g. 100 Hz, i.e. a short averaging time during a pre-scan procedure| At
frequencies'where the emission is found to be close to the average limit, it is recommendgd to
makle a final measurement using a lower video filter bandwidth, i.e. a longer averaging tjme.
(For|the pre-scan/final measurement procedure, see also Clause 8).

For slowly intermittent, unsteady or drifting narrowband disturbances, manual measurements
are the preferred method.
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Annex D
(informative)

CISPR 16-2-3:2016 RLV © IEC 2016

Explanation of the APD measurement method
applying to the compliance test

One of the following two methods is used when the APD measurement is applied for a
compliance test. Figure D.1 and Figure D.2 illustrate the specifics of the APD measurement

met
and

ods, in\/nl\/ing the measurement of the level of disturbance (i e Method 1 _see 766
the measurement of the probability (i.e. Method 2, see 7.6.6.3.3), respectively.
100 T T ‘ ‘
E|imit(10";) -
Ejmif(10%) ———
20 Peak 2 Peak 1 Max hold
XX MHz ‘ ‘ XX MHz ‘ Emeas(10”) —=7
Emeas(10%) —757
—~ 80 B
E Highest level
i ighest leve
E Pr ||rr;]|n|adry measurement o 9 |
m 70 (max hold) APD'measurement |
o Second !
I . & highestlevel /4 N ffNT .
c A
60  YYdB .
g \ 2
3
@
S 50 1
o /\\
©
>
% 40 t .
Number of frequency: N
Step of frequency: Af
30 1 1
2 300 2302 2304 2306 ("2308 2310 2312 2314 2316 2318 2320

Figure D.1 — Example of APD measurement Method 1 for fluctuating disturbances

Frequency MHz

IEC

3.2)
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107 \ ‘ ‘ ‘
Piimit at E=60dB (uV/m) —
Pimitat £=90dB (uV/im) —
Prmeas at E = 60 dB (uV/m) ——

107 Pmeas at £ = 90 dB (uV/m) 1

107
102 L / \ J
1 1 R
1
1 0'4 1 : T \ N
T
: !
]
- — Py —— O,

10° -

Probability

Number of frequenjcy: N
Step of frequency;/Af
10° : ‘ ‘ ‘

2300 2302 2304 2306 2308 2310 2312 2314 2316 2318 2320
Frequency MHz

IEC

Figure D.2 — Example of APD measurement Method2 for fluctuating disturbancesg

If the preliminary measurement results, obtained by using the maximum-hold display mode
and|peak detection, exceed the specified APD limit (the higher limit should be used if|two
APD limits apply) by YY dB at certain frequencies, then the APD measurement should be
perfprmed at these identified frequencies. The*value YY dB is to be specified by the relejant
product committee (e.g. YY = 5, 10, etc.).

In c@se of fluctuating disturbances, thegproduct committee should specify the frequency range
XX (= Af x N) MHz in which the APD  measurements are to be performed, where Af is| the
frequency step size and N is the\.humber of frequencies. This frequency range should be
specified according to the characteristics of the product.

As g first step, XX is determined by the preliminary measurement results. Then, Af should be
equal to the resolution.bandwidth (RBW = 1 MHz for measurements above 1 GHz) of| the
spec¢trum analyzer..However, all frequencies that have an APD value within approximately
6 dB of the APD limit may require further investigation with a smaller frequency step size|(i.e.
Bgl2d, where Bguis the 6-dB bandwidth of the spectrum analyzer). RBW of the spectrum
analyzer for measurements above 1 GHz is defined by the impulse bandwidth B, rather than
the p-dB bandwidth Bg. The relation between B, and Bg is dependent upon the filter type,
and|cannagt be generalized. If B;,,, can be approximated to Bg, then the smaller frequ

size Bg/2 is recommended to be B, /2 (i.e. 0,5 MHz) for measurements above 1
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Annex E
(normative)

Determination of suitability of spectrum analyzers for compliance tests

The user of a spectrum analyzer shall be able to demonstrate, either through specifications
from the manufacturer or by measurement, that the analyzer meets the quasi-peak detection
requirements for pulse-repetition frequencies greater than 20 Hz in the frequency range of

use

Singe the measurement of the pulse repetition frequency of an emission may not alway

pos
app

megsurement results with the peak and quasi-peak detectors. From the quasi-peak weigh
fungtions, the amplitude differences shown in Table E.1 are the results of measurements 1
signjal with a pulse repetition frequency of 20 Hz.

The

closg to the applicable limit in quasi-peak detection. If the difference between the peak

qua

megsurement is valid and the result obtained with a spectrum analyzer can be use
demonstrate compliance. If the amplitude difference is larger than the stated value

Tab
CIs

Thig comparison measurement requires an adequate signal-to-noise ratio to ensure pr
resylts.

. For the average detector the response to pulses is called out in CISPR 16-1-1.

ied when a spectrum analyzer is used. This method is based on a cempariso

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

Band A Band B Bands C and D
7 dB 13 dB 21 dB

comparison measurement is to be made at signal frequencies that show an amplity

si-peak detected amplitude is smaller _than the value in Table E.1 the quasi-f

e E.1 a measuring receiver that;fully complies with the low-PRF requirement
PR 16-1-1 is to be used for the guasi-peak measurement instead of a spectrum analy

5 be

sible, a simple method to verify the validity of the quasi-peak measuremgnt:shall be

h of
ting
or a

des
and
eak
d to
5 in
5 of
zer.
bper
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INTERNATIONAL ELECTROTECHNICAL COMMISSION
INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

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

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compfising
I national electrotechnical committees (IEC National Committees). The objecét] of IEC is to prgdmote
ternational co-operation on all questions concerning standardization in the electfieal and electronic fields. To
is end and in addition to other activities, IEC publishes International Standards, Technical Specificafions,
echnical Reports, Publicly Available Specifications (PAS) and Guides/ (hereafter referred to as |“IEC
ublication(s)”). Their preparation is entrusted to technical committees; any JEC National Committee inter¢sted
i the subject dealt with may participate in this preparatory work. International, governmental and|non-
gpvernmental organizations liaising with the IEC also participate in this\preparation. IEC collaborates clpsely
ith the International Organization for Standardization (ISO) in aceordance with conditions determingdd by
apgreement between the two organizations.

THA=s o

2) The formal decisions or agreements of IEC on technical mattersS€xpress, as nearly as possible, an internafional
cpnsensus 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 Nafional

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 fof any
nlisinterpretation by any end user.

4) In) order to promote international uniformity;~IEC National Committees undertake to apply IEC Publicgtions
tfansparently to the maximum extent pos$sible in their national and regional publications. Any diverdence
between any IEC Publication and the carresponding national or regional publication shall be clearly indicafed in
the latter.

5) IEC itself does not provide any. attestation of conformity. Independent certification bodies provide confdrmity
apsessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fof 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 expert$ and
nmlembers of its techni¢al committees and IEC National Committees for any personal injury, property damape or
other damage of\any nature whatsoever, whether direct or indirect, or for costs (including legal fees] and
ekpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othenf IEC
Plublications:

8) Attentiontissdrawn to the Normative references cited in this publication. Use of the referenced publicatigns is
indispensable for the correct application of this publication.

9) Aftention is drawn to the possibility that some of the elements of this IEC Publication may be the subjgct of

© >

atent rights. IEC shall not be held responsible for identifying any or all such patent rignts.

International Standard CISPR 16-2-3 has been prepared by CISPR subcommittee A: Radio-
interference measurements and statistical methods.

This fourth edition edition cancels and replaces the third edition published in 2010, its
Amendment 1:2010 and its Amendment 2:2014. This edition constitutes a technical revision.

This edition includes the following significant technical change with respect to the previous
edition: addition of content on correction of the electric field strength to account for phase
centre of log-periodic dipole array antennas.
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016

It has the status of a basic EMC publication in accordance with IEC Guide 107,

Electromagnetic compatibility —

publications.

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

Full
voti

Thig publication has been drafted in accordance with the ISO/IEC Directives, Part'2

A lig
radip disturbance and immunity measuring apparatus and methods, can-be-found on the
webgite.

The|committee has decided that the contents of this publicatiomwill remain unchanged

the

related to the specific publication. At this date, the publication will be

FDIS Report on voting
CISPR/A/1176A/FDIS CISPR/A/1182/RVD

r[g indicated in the above table.

stability date indicated on the IEC website under "httpi//webstore.iec.ch"” in the

econfirmed,

Guide to the drafting of electromagnetic compatibility

t on

t of all parts of the CISPR 16 series, published under the general titte' Specificatiof for

IEC

until
Hata

* Wwithdrawn,

. 1ep|aced by a revised edition, or

. mended.

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 corr
understanding of its contents. ‘Users should therefore print this document usin

col

qur printer.

ect
j a
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SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

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

1 anpn

Thig part of CISPR 16 specifies the methods of measurement of radiated diStimrbance
phenomena in the frequency range of 9 kHz to 18 GHz. The aspects of measurerhent
uncertainty are specified in CISPR 16-4-1 and CISPR 16-4-2.

NOTE In accordance with IEC Guide 107 [13]1, CISPR 16-2-3 is a basic EMC publication for use by prpduct
committees of the IEC. As stated in Guide 107, product committees are responsible for determining the
applicability of the EMC standard. CISPR and its subcommittees are preparedto co-operate with prpduct
comnittees in the evaluation of the value of particular EMC tests for specific products:

2 [Normative references

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

CISPR 14-1:2016, Electromagnetic compatibility — Requirements for household appliances,
electric tools and similar apparatus — Part 1:>Emission

CISPR 16-1-1, Specification for radio disturbance and immunity measuring apparatus|and
metnods — Part 1-1: Radio disturbance and immunity measuring apparatus — Measyring
apparatus

CISPR 16-1-2:2014, Specification for radio disturbance and immunity measuring appanatus
and|methods — Part 1-2; Radio disturbance and immunity measuring apparatus — Coupling
devices for conducted-disturbance measurements

CISPR 16-1-4:2010, Specification for radio disturbance and immunity measuring appanatus
and|methods‘~<=Part 1-4: Radio disturbance and immunity measuring apparatus — Antefnas
and|test sitesfor radiated disturbance measurements
CISPR 16-1-4:2010/AMD1:2012

CISPRt6=2=1:2014,—Specification for radio disturbarnce ard Tty measuring apparatus
and methods — Part 2-1: Methods of measurement of disturbances and immunity — Conducted
disturbance measurements

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

CISPR 16-4-2, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 4-2: Uncertainties, statistics and limit modelling - Measurement
instrumentation uncertainty

1 Numbers in square brackets refer to the Bibliography.
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CISPR TR 16-4-5, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 4-5: Uncertainties, statistics and limit modelling — Conditions for the use
of alternative test methods

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

IEC 61000-4-3:2006, Electromagnetic compatibility (EMC) - Part 4-3: Testing and
measurement techniques — Radiated, radio-frequency, electromagnetic field immunity test
IEC 61000-4-3:2006/AMD1:2007

|EC 64000-4-3:2006/AMD2:2010

E A A~ m e as—g —xy o

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

3 [Terms, definitions and abbreviations

3.1 Terms and definitions

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

3.1.1
absorber-lined OATS/SAC
OATS or SAC with ground plane partially covered by RF-energy absorbing material

3.1.2
ancjllary equipment
trangducers (e.g. current and voltage ‘probes and artificial networks) connected fo a
medsuring receiver or (test) signal generator and used in the disturbance signal transfer
between the EUT and the measuring oritest equipment

3.1.8
anteénna beam
main lobe of the antenna pattern (gain pattern) of the receive antenna (usually the diregtion
withmaximum sensitivity or lowest antenna factor) that is directed towards the EUT

3.1.4
antenna beamwidth
angle between)the half-power (3 dB) points of the main lobe of the antenna beam, when
refefenced to the maximum power of the main lobe

Note|1 t6,entry: It may be expressed for the H plane or for the E plane of the antenna.

Note 2 to entry: Antenna beamwidth is expressed in degrees.

315

associated equipment

AE

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

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

3.1.6

auxiliary equipment

AuxEq

peripheral equipment that is part of the system under test
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Note

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

3.1.7
basic standard
standard that has a wide-ranging coverage or contains general provisions for one particular

field

Note 1 to entry: A basic standard may function as a standard for direct application or as a basis for other
standards.

[SOURCE: ISO/IEC Guide 2:1991, definition 5.1 [6]]

3.1.8

coaxial cable

cable containing one or more coaxial lines, typically used for a matched connectio
ancillary equipment to the measuring equipment or (test-) signal generatof\ providir
speg¢ified characteristic impedance and a specified maximum allowable)‘eable trarn
impedance

3.1.9

common-mode absorption device

CMAD

device that may be applied on cables leaving the test ‘“volume in radiated emis

meag

Note

[SO

3.1.
con
dem
bod

Note
1ISO/I
asse

[SO

3.1.
con
RF

that

surements to reduce the compliance uncertainty

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

URCE: CISPR 16-1-4:2010, 3.1.4]

10

formity assessment

onstration that specified requirements relating to a product, process, system, perso
are fulfilled

EC 17000:2004 [7], such as testing, inspection and certification, as well as the accreditation of confqg
Esment bodies.

JRCE: ISO/IEC 17000:2004, 2.1, modified — Note 2 has been deleted.]

11

finuous disturbance

Histurbance-with duration of more than 200 ms at the IF-output of a measuring rece
causes(a)deflection on the meter of a measuring receiver in quasi-peak detection m

n of

g a
sfer

sion

1 to entry: The subject field, of” conformity assessment includes activities defined elsewherde in

rmity

iver
bde,

and |that,does not decrease immediately

[SO IRCE- |IEC 80050 1R1-1QQO, 161-02-1 1’ modified — The definition has heen Phnngnd ]
3.1.12

emission

<electromagnetic> phenomenon by which electromagnetic energy emanates from a source

[SOURCE: IEC 60050-161:1990, 161-01-08]

3.1.13

emission limit
<from a disturbing source> specified maximum emission level of a source of electromagnetic
disturbance
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[SOURCE: IEC 60050-161:1990, 161-03-12]

3.1.14

equipment under test

EUT

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

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

3.1.15
fully-anechoic room
FA

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

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

3.1.16

loop-antenna system
LAS
antgnna system consisting of three orthogonally-oriented logp/antennas that are usefd to
meagsure the three orthogonal magnetic dipole moments of an<EUT located in the centre of the
threg loops

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

3.1.17
megsurement, scan and sweep times

3.1.171

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

- r the peak detector, the effective time to detect the maximum of the signal envelope,

r the quasi-peak detectar, the effective time to measure the maximum of the weighted
nvelope,

- r the average deteetor, the effective time to average the signal envelope,
- r the rms detector, the effective time to determine the rms of the signal envelope

Note|1 to entry: An‘some areas "measurement time" is also called dwell time.

3.1.17.2
sca
confinuous or stepped frequency variation over a given frequency span

3.1.17.3
span

Af

difference between stop and start frequencies of a sweep or scan

3.1.17.4
sweep
continuous frequency variation over a given frequency span

3.1.17.5
sweep or scan rate
frequency span divided by the sweep or scan time
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3.1.17.6

swe
T,

ep or scan time

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

3.1.17.7
observation time

T,

o
sum

Note

3.1.
tota

Tyt
effe

Note

of measurement times T, on a certain frequency in case of multiple sweeps

1 tao nn’rry' If »isthe number of sSweeps or scans then TO =4 Tm

17.8
| observation time

Ctive time for an overview of the spectrum (either single or multiple sweeps)

1to entry: If ¢ is the number of channels within a scan or sweep, then T\, = ¢ x n x4,

ot

3.1.

inst
bas

3.1.
num
ng
reci

Note

3.1.
ope
OA1l
facil
by 4

Note
COM

Note
fencq
such

Note

3.1.

18

melsuring receiver

d measuring instrument, with or without preselection, that.cemplies with CISPR 16-1-

19
ber of sweeps per time unit

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

1 to entry: Sweeps per second, for example.
]

h-area test site

S

ty for measurements and calibrations in which the ground reflection is made reprodu
large flat electrically conducting ground plane

1 to entry: An OATS can be used for radiated disturbance measurements, where it is also designated
TS. An OATS can alsocberused for antenna calibrations, where it is designated as a CALTS.

2 to entry: An QATS is an uncovered outdoor site, and is far enough away from buildings, electric
s, trees, underground cables, pipelines, and other potentially reflective objects, so that the effects d
objects are negligible. See CISPR 16-1-4 for guidance on the construction of an OATS.

3 to entrys_/This note applies to the French language only.

P1

ument such as a tunable voltmeter, an EMI receiver, a spectrum analyzer or an k

FT-

tible

as a

ines,
e to

product standard

standard that specifies requirements to be fulfilled by a product or group of products, to

esta

Note
requi

Note

blish its fitness for purpose

1 to entry: A product standard may include, in addition to the fitness for purpose requirements, directly or by
reference, aspects such as terminology, sampling, testing, packaging and labelling and, sometimes, processing

rements.

2 to entry: A product standard can either be complete or not, according to whether it specifies all or o

nly a

part of the necessary requirements. In this respect, one may differentiate between standards such as dimensional,

mate

rial and technical delivery standards.

[SOURCE: ISO/IEC Guide 2:2004, definition 5.4 [6]]
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3.1.22
semi-anechoic chamber
SAC

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

range of interest, and the bottom horizontal surface is a conducting ground plane for use
OATS test set-ups

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

3.1.23

with

test[configuration
compination that gives the specified measurement arrangement of the EUT in whieh
emigsion level is measured

3.1.24

weighting

pul%-repetition-frequency (PRF) dependent conversion (mostly reduction),of a peak-dete
implilse voltage level to an indication that corresponds to the interference effect on r
recgption

Note|1 to entry: For the analogue receiver, the psychophysical annoyance“of the interference is a subjg
quantity (audible or visual) usually not a certain number of misunderstandings.of a spoken text.

Note|2 to entry: For the digital receiver, the interference effect is an objective quantity that may be defined b
criticpl bit error ratio (BER) or bit error probability (BEP) for that perfect error correction can still occur
another, objective and reproducible parameter.

Note(3 to entry: Weighting of impulsive disturbance, for example.

3.1.24.1
ighted disturbance measurement
medsurement of disturbance using a weighting detector

3.1.24.2

weighting characteristic

peak voltage level as a functionvof PRF for a constant effect on a specific radiocommunicg
system, i.e. the disturbance-is;weighted by the radiocommunication system itself

3.1.24.3
weighting detector
detdctor that proyides an agreed weighting function

3.1.24.4

value ofithe weighting function relative to a reference PRF or relative to the peak value

an

cted

adio

ctive

y the
br by

tion

weithing factor

Note 1 to entry: Weighting factor is expressed in dB.

3.1.24.5
weighting function or weighting curve

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

receiver to repeated pulses

3.1.25
measurement

process of experimentally obtaining one or more quantity values that can reasonably be

attributed to a quantity
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[SOURCE: 2.1 of ISO/IEC Guide 99:2007 [9]2, modified — Notes 1 to 3 have been deleted.]

3.1.26
test

technical operation that consists of the determination of one or more characteristics of a given
product, process or service according to a specified procedure

Note 1 to entry:

the item a set of environmental and operating conditions and/or requirements.

[SOURCE: IEC 60050-151:2001, 151-16-13 [10]]

3.1.27

highest internal frequency

highest frequency generated or used within the EUT or the highest frequency,ab which

EUT o

3.1.28

perates or tunes

module
partlof an EUT that provides a function and may contain radio-frequeney sources

3.2

Abbreviated terms

The|following abbreviations, not already provided in 3.1 are used in this standard.

AM
APL
AV
BB
cw
FFT
FM
IF
ISM
LPDA
NB
NSA
PR
RBW
RF

Amplitude modulation
Amplitude probability distribution
Average

Broadband

Continuous wave

Fast-Fourier transform
Frequency modulation
Intermediate freguency
Industrial, scientific or medical
Log-periodic-dipole array
Narrowband

Normalized site attenuation
Rulse repetition frequency
Resolution bandwidth

Radio frequency

RGP
QP
TEM
UFA
VBW

Reference ground plane
Quasi-peak

Transverse electromagnetic
Uniform field area

Video bandwidth

2 Figures in square brackets refer to the Bibliography.

A test is carried out to measure or classify a characteristic or a property of an item by applying to

the
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4 Types of disturbance to be measured

4.1 General

This clause describes the classification of different types of disturbance and the detectors
appropriate for their measurement.

4.2 Types of disturbance

For phyS|caI and psychophy3|cal3 reasons, dependent on the spectral distribution, measurmg
the
ving

a) marrowband continuous disturbance, i.e. disturbance on discrete frequencies as, for
¢xample, the fundamentals and harmonics generated with the intentional application of RF
e¢nergy with ISM equipment, constituting a frequency spectrum consisting-only of individual
gspectral lines whose separation is greater than the bandwidth of the measuring receivgr so
fhat during the measurement only one line falls into the bandwidth jn contrast to b);

b) broadband continuous disturbance, which normally is unintentionally produced by| the
epeated impulses of, for example, commutator motors, and which have a repefjtion
frequency that is lower than the bandwidth of the measuring receiver so that during the

easurement more than one spectral line falls into the bandwidth; and

c) broadband discontinuous disturbance is also generated unintentionally by mechanical or
¢lectronic switching procedures, for example by thermostats or programme controls with a
epetition rate lower than 1 Hz (click-rate less than 80/min).

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

4.3 Detector functions

Depgending on the types of distutbance, measurements may be carried out using a measyring
receiver with:
a) an average detector.generally used in the measurement of narrowband disturbance|and
gignals, and partiecularly to discriminate between narrowband and broadband disturbanfe;

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

c) an rms=average detector provided for the weighted measurement of broadhand
disturbance for the assessment of the effect of impulsive disturbance to digital rpdio
¢ommunication services but also useable for narrowband disturbance;

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

Measuring receivers incorporating these detectors are specified in CISPR 16-1-1.
5 Connection of measuring equipment

Concerning the connection of measuring equipment, measuring receivers and ancillary
equipment such as antennas: the connecting cable between the measuring receiver and the
ancillary equipment shall be shielded and its characteristic impedance shall be matched to the

3 Psychophysical means psychological relationship between physical stimuli and sensory response.
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input impedance of the measuring receiver. The output of the ancillary equipment shall be
terminated with the prescribed impedance.

6 General measurement requirements and conditions

6.1 General
Radio disturbance measurements shall be:

e reproducible, i.e. independent of the measurement location and environmental conditions,
Specralty amblent noise, and
]
i

ree from interactions, i.e. the connection of the EUT to the measuring equipment s$hall
influence neither the function of the EUT nor the accuracy of the measurement.equipmgnt.

Thege requirements may be met by observing the following conditions:

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

b) having a defined measuring set-up, termination and operating conditions of the EUT.
6.2 Disturbance not produced by the equipment under test
6.2.1 General

The|measurement signal-to-noise ratio with respect tolambient noise shall meet the folloying
reqyirements. Should the ambient noise level exceed\the required level, it shall be recordgd in
the test report.

6.2.2 Compliance (conformity assessment) testing

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

Whegn evaluating compliance with a limit, the ambient noise level is permitted to exceed the
preferred —6 dB level sprovided that the level of both ambient noise and source emangtion
compined does not-exceed the specified limit. The EUT is then considered to meet the Ijmit.
Further guidance_on’ measurement of disturbances in the presence of ambient emissions is
provided in AnnexA.

6.3 Measurement of continuous disturbance

6.3.1 Narrowband continuous disturbance

The receiver shall be kept tuned to the discrete frequency under investigation, and re-tuned if
the frequency fluctuates.

6.3.2 Broadband continuous disturbance

For the assessment of broadband continuous disturbance whose level is not steady, the
maximum reproducible measurement value shall be found. See 6.5.1 for further details.

6.3.3 Use of spectrum analyzers and scanning receivers

Spectrum analyzers and scanning receivers are useful for disturbance measurements,
particularly in order to reduce measuring time. However, special consideration shall be given
to certain characteristics of these instruments, which include overload, linearity, selectivity,
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normal response to pulses, frequency scan rate, signal interception, sensitivity, amplitude
accuracy and peak, average and quasi-peak detection. These characteristics are considered
in Annex B.

6.4
The

EUT arrangement and measurement conditions

EUT shall be operated under the following conditions.

6.4.1 General arrangement of the EUT

6.4.
Whs

The
app
that
typiq
to a
be t

Whe
load
prel

The|actual number of additional cables or wires maysbe-limited to the condition where
addition of another cable or wire does not significantly affect the emission level, i.e. v{
less|than 2 dB, provided that the EUT remains compliant. The rationale for the selection o
confliguration and loading of ports shall be included in the test report.

Inte

reqyirements. If the length can be varied, the length shall be selected to produce maxir
distdirbance.

If shielded or special cables are*used during the tests to achieve compliance, then a

shal

Exce¢ss lengths of cables® shall be bundled at the approximate centre of the cable with

bun

stifffess, the dispositioh of the excess cable shall be precisely noted in the test report.

The

configurationsyhaving more than one of each of those modules. This is permissible becau

has

pradtice’However, the 2 dB criteria defined in this clause shall be applied.

| General

practice shall be used in the test arrangement, where possible. This arrangement sha
al of normal installation practice. Interface cables, loads, and devices-shall be conne
least one of each type of interface port of the EUT and, where practi€al, each cable 3
brminated in a device typical of actual usage.

s and devices may have to be added to the EUT(depending upon the result
minary tests. Connecting a cable or wire to just one ofithat type of port may be suffic

connecting cables should be of the typevand length specified in the individual equipr

| be included in the instruction manual advising of the need to use such cables.

jles 30 cm to 40.em" in length. If it is impractical to do so because of cable bul

results ofan” evaluation of EUTs having one of each type of module can be applie

been<found that disturbances from identical modules are generally not additiv

re not specified in the product standard, the EUT shall be configured as described below.

EUT shall be installed, arranged and operated in a manner consistent with typical
ications. Where the manufacturer has specified or recommended an installation pracfice,

| be
cted
hall

re there are multiple interface ports of the same type, addifional interconnecting cables,

5 of
ent.
the
ries
the

nent
num

hote

the
or

Pel

d to
e it
B in

Any set of results shall be accompanied by a complete description of the cable and equipment
orientation so that results can be reproduced. If specific conditions of use are required to
meet the limits, those conditions shall be specified and documented; for example cable
length, cable type, shielding and grounding. These conditions shall be included in the
instructions to the user.

Equipment that is populated with multiple modules (drawer, plug-in card, board, etc.) shall be
tested with a mix and number representative of that used in a typical installation. The number
of additional boards or plug-in cards of the same type may be limited to the condition where
the addition of another board or plug-in card does not significantly affect the emission level,
i.e. varies less than 2 dB, provided that the EUT remains compliant. The rationale used for

sele

cting the number and type of modules shall be stated in the test report.
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A system that consists of a number of separate units shall be configured to form a minimum
representative configuration. The number and mix of units included in the test configuration
shall be representative of that used in a typical installation. The rationale used for selecting
units shall be stated in the test report.

At least one module of each type shall be operative in each equipment evaluated in an EUT.
For a system EUT, at least one of each type of equipment that can be included in the possible
system configuration shall be included in the EUT.

The EUT position relative to the RGP shall be equivalent to that occurring in use. Therefore,

ﬂoo standina gauinmant ic nlacad an hiit inciilatad fram o2 DOD ond tohlatan cnnir\ma']t |S
S tHHeR+—is—pa a—oR—pdt+—HHstHate a1 —a— o r—F——a tH S

..........................

placed on a non-conductive table.

Equ|pment designed for wall-mounted or ceiling mounted operation shall be tested-as tabletop
EUT|. The orientation of the equipment shall be consistent with normal installatien“practice

Conjbinations of the equipment types identified above shall also be arranged in a mapner
congistent with normal installation practice. Equipment designed for both tabletop and floor
standing operation shall be tested as tabletop equipment unless thepusual installation is floor
standing, then that arrangement shall be used.

—

The|ends of signal cables attached to the EUT that are pot-Connected to another unjt or
auxiliary equipment shall be terminated using the correct terminating impedance defingd in
the product standard.

Cabjes or other connections to associated equipment focated outside the test area shall dfape
to the floor, and then be routed to the place wherethey leave the test volume.

Aux|liary equipment shall be installed in ascordance with normal installation practice. Where
this |means that the auxiliary equipment js located on the test site, it shall be arranged uging
the same conditions applicable for theEUT (e.g distance from ground plane and insulation
from the ground plane if floor standing, and layout of cabling).

6.4.1.2 Tabletop arrangement

Equ|pment intended for tabletop use shall be placed on a non-conductive table. The siZe of
the table will nominally be 1,5 m by 1,0 m, but may ultimately be dependent on the horizgntal
dimeénsions of the EUT,

All pnits forming\*the system under test (including the EUT, connected peripherals |and
auxiliary equiptment or devices) shall be arranged according to normal use. Where not defjned
in the normaluse, a nominal 0,1 m separation distance between the neighbouring units $hall
be definedfor the test arrangement.

Intra-unit cables shall be draped over the back of the table. IT a cable hangs closer than 0,4 m
to the horizontal ground plane (or floor), the excess shall be folded at the cable centre into a
bundle no longer than 0,4 m, such that the bundle is at least 0,4 m above the horizontal RGP.

Cables shall be positioned as for normal usage.

If the mains port input cable is less than 0,8 m long, (including power supplies integrated in
the mains plug) an extension cable shall be used such that the external power supply unit is
placed on the tabletop. The extension cable shall have characteristics similar to the mains
cable (including the number of conductors and the presence of a ground connection). The
extension cable shall be treated as part of the mains cable.
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In the above arrangements, the cable between the EUT and the power accessory shall be
arranged on the tabletop in the same manner as other cables connecting components of the
EUT.

6.4.1.3 Floor-standing arrangement

The EUT shall be placed on the horizontal RGP, orientated for normal use, but separated
from metallic contact with the RGP by up to 15 cm of insulation.

The cables shall be insulated (by up to 15 cm) from the horizontal RGP. If the equipment

requires a dedicated grmmd caonnection then this shall be provided and bonded ta the
horizontal ground plane.

Intrg-unit cables (between units forming the EUT or between the EUT and™auxijiary
equipment) shall drape to, but remain insulated from, the horizontal RGP. Apy“excess $hall
either be folded at the cable centre into a bundle no longer than 0,4 m orarranged |in a
sergentine fashion. If an intra-unit cable length is not long enough to drape,to the horizgntal
RGF but drapes closer than 0,4 m, then the excess shall be folded at thé cable centre ifto a
bundle no longer than 0,4 m. The bundle shall be positioned such thatiit'is either 0,4 m aljove
the horizontal RGP or at the height of the cable entry or connection point if this is within 0{4 m
of tHe horizontal RGP.

For [equipment with a vertical cable riser, the number of riseps shall be typical of installgtion
pradtice. Where the riser is made of non-conductive material, a minimum spacing of at least
0,2 m shall be maintained between the closest part ofdhe equipment and the nearest verical
cable. Where the riser structure is conductive, the) minimum spacing of 0,2 m shal|l be
between the closest parts of the equipment and rise¢ structure.

6.4.1.4 Combinations of tabletop and floor-standing equipment arrangement

Intrg-unit cables between a tabletop unit and a floor standing unit shall have the exgess
folded into a bundle no longer than 0,40m. The bundle shall be positioned such that it is efther
0,4 m above the horizontal RGP or atthe height of the cable entry or connection point if this is
withjn 0,4 m of the horizontal RGR;

6.4.2 Operation of the EUT

The|operating conditions of the EUT shall be determined by the manufacturer according tq the
typi¢al use of the EUT \Wwith respect to the expected highest level of emission. The determjned
operational mode and the rationale for the selected operating conditions shall be stated in] the
test|report.

The[EUT shall be operated within the rated (nominal) operating voltage range and typical Joad
condlitionsy(mechanical or electrical) for which it is designed. Actual loads should be uysed
wheTﬂever possible. If a simulator is used, it shall represent the actual load with respect tp its
radiU fquuCllby <Jlll.]I fullbt;Ulldi bhdlabtclibtibb.

The test programmes or other means of exercising the equipment should ensure that various
parts of a system are exercised in a manner that permits detection of all system disturbances.

6.4.3 EUT time of operation

The time of operation shall be, in the case of EUTs with a given rated operating time, in
accordance with the marking. In all other cases, the EUT shall be continuously operated
throughout the test.
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6.4.4 EUT running-in time

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

6.4.5 EUT supply

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

6.4.6 EUT mode of operation

The|EUT shall be operated under practical conditions that cause the maximunmrdisturbange at
the measurement frequency.

6.4.7 Operation of multifunction equipment

Mulfifunction equipment which is subjected simultaneously to-different clauses of a product
standard, and/or different standards, shall be tested with each\function operated in isolatign, if
this |can be achieved without modifying the equipment internally. The equipment thus tepted
shaI'L be deemed to have complied with the requirements of‘all clauses and/or standards when
each function has satisfied the requirements of the relévant clause and/or standard.

For [equipment where it is not practical to test:with each function operated in isolation, or
whefre the isolation of a particular function would’result in the equipment being unable to fulfil
its grimary function, or where the simultaneouds operation of several functions would resylt in
savihg measurement time, the equipment*shall be deemed to have complied if it meetq the
proVisions of the relevant clause and/or-standard with the necessary functions operated.

6.4.8 Determination of arrangément(s) causing maximum emissions

Initial testing shall identify thefrequency that has the highest disturbance relative to the Iljmit.
Thig identification shall be(performed while operating the EUT in typical modes of opergtion
and|with cable positions ‘in a test arrangement that is representative of typical installgtion
pradtice.

The(frequency ofthighest disturbance with respect to the limit shall be found by investigating
distdrbances @t>a number of significant frequencies. This provides confidence that| the
proljable frequency of maximum disturbance has been found and that the associated cable,
EUT| arrangement and mode of operation has been identified.

For linitial fnefing, the EUT should be nrrnngnd in accordance with the prndllr‘f standardk as

appropriate.

6.4.9 Recording of measurements

Of those disturbances above (L — 20 dB), where L is the limit level in logarithmic units, the
disturbance levels and the frequencies of at least the six highest disturbances shall be
recorded.

For radiated disturbances, the antenna polarization and height for each reported disturbance
shall be recorded.
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6.5 Interpretation of measuring results
6.5.1 Continuous disturbance

a) If the level of disturbance is not steady, the reading on the measuring receiver is observed
for at least 15 s for each measurement. The highest readings shall be recorded, with the
exception of any isolated clicks, which shall be ignored (see 4.4 of CISPR 14-1:2016).

b) If the general level of the disturbance is not steady, but shows a continuous rise or fall of
more than 2 dB in the 15 s period, then the disturbance voltage levels shall be observed
for a further period and the levels shall be interpreted according to the conditions of
normal use of the EUT, as follows:

1) if the EUT is one that may be switched on and off frequently, or the direction of rotgtion
of which can be reversed, then at each frequency of measurement the EUT ,should be
switched on or reversed just before each measurement, and switched off just after
each measurement. The maximum level obtained during the first minute at gach
frequency of measurement shall be recorded;

FNEY
~

if the EUT is one that in normal use runs for longer periods, thermit should rermain
switched on for the period of the complete test, and at each_frequency the lev¢l of
disturbance shall be recorded only after a steady reading (subjéect to the provision|that
item a) has been obtained).

c) If the pattern of the disturbance from the EUT changes-from a steady to a random
¢haracter part way through a test, then that EUT ,shall be tested in accordgnce
with item b).

d) Measurements are taken throughout the complete /spectrum and are recorded at leagt at
the frequency with maximum reading and as required by the relevant CISPR publicatioh.
6.5.2 Discontinuous disturbance

Thefe is currently no requirement for\'the measurement of radiated discontinjyous
disturbances.

6.5.3 Measurement of the duration of disturbance

The|duration of a disturbance shall be known in order to measure it correctly and to determine
if it |s discontinuous. The duration of a disturbance may be measured in one of the folloying
ways:

e through the connection of an oscilloscope to a measuring receiver’s IF output to gllow
onitoring of thedisturbance in the time-domain;

¢ fhrough thé.tuning of either an EMI receiver or a spectrum analyzer to the disturbance
requency \Wwithout frequency scanning (i.e. ‘zero-span’ mode) to allow monitoring off the
isturbance in the time-domain; or

¢ fhrough the use of the time-domain output of an FFT-based measuring receiver.

Guidance for the determination of the appropriate measurement time can be found in 8.3.

6.6 Measurement times and scan rates for continuous disturbance
6.6.1 General

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


https://iecnorm.com/api/?name=9ab2d03712fe0c058102dfdce19f6561

CISPR 16-2-3:2016 © IEC 2016 - 23 -

6.6.2 Minimum measurement times

The minimum measurement (dwell) times are given in Table 1. From Table 1, the minimum
scan times for measurements over a complete CISPR band have been derived in Table 2.
These minimum measurement (dwell) times for scanning receivers and FFT-based measuring
instruments in Table 1 and the scan times for spectrum analyzers in Table 2 apply to CW
signals.

In addition, the test report shall include the value of the measurement instrumentation
uncertainty corresponding to the used test set-up, calculated as per the requirements of
CISPR 16-4-2.

Table 1 — Minimum measurement times for the four CISPR bands

Frequency band Minimum
measurement time 7,

A 9 kHz to 150 kHz 10,00 ms

B 0,15 MHz to 30 MHz 0,50 ms

CandD 30 MHz to 1 000 MHz 0,06 ms

E 1 GHz to 18 GHz 0,01ms

Table 2 — Minimum scan times for the three CISPR bands
with peak and quasi-peak detectors

Frequency band spceaanktciir;‘ertsic:zr quizi::;r:ed:tseziron
A 9 kHz to 150 kHz 14,18 2820 s = 47 min
B 0,15 MHz to 30 MHz 2,985's 5970 s = 99,5 min =1 h 39 min
gand D 30 MHz to 1 000 MHz 0,97 s 19 400 s = 323,3 min =5 h 23 min

Depgending on the type of disturbance, the scan time may have to be increased — even for
quasgi-peak measurements. In‘textreme cases, the measurement time 7, at a ceftain
frequency may have to be-increased to 15 s, if the level of the observed emission is| not
steady (see 6.5.1). However-isolated clicks are excluded.

Scap rates and measurement times for use with the average detector are given in Annex (.

Most product _standards call out quasi-peak detection for compliance measurements, which
can |be veryctime-consuming if time-saving procedures are not applied (see Clause 8). Bgfore
timgsaving-procedures can be applied, the emission has to be detected using a pre-scan. To
ens$re that, e.g. intermittent signals are not missed during an automated scan,| the

consgidérations in 6.6.3 to 6.6.5 shall be accounted for.

6.6.3 Scan rates for scanning receivers and spectrum analyzers

One of two conditions needs to be met to ensure that signals are not missed during
automated scans over frequency spans:

e for a single sweep: the measurement time at each frequency shall be larger than the
intervals between pulses for intermittent signals;

o for multiple sweeps with maximum hold: the observation time at each frequency should be
sufficient for intercepting intermittent signals.

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

When determining the minimum sweep time for measurements with a spectrum analyzer or
scanning EMI receiver, based on a given instrument setting and using peak detection, two
different cases have to be distinguished. If the video bandwidth is selected to be wider than
the |resolution bandwidth, the following expression can be used to calculate the minimum
sweep time:

Af
Tsmin = k% > (1)

Bres

where

T min is the minimum sweep time,

Af is the frequency span,

Bros is resolution bandwidth, and

k is a constant of proportionality, related, to' the shape of the resolution f|lter;

this constant assumes a value between 2 and 3 for synchronously-tuphed,
near-Gaussian filters. For nearly fectangular, stagger-tuned filters, & has a
value between 10 and 15.

If the video bandwidth is selected to be equalito or smaller than the resolution bandwidth| the
following expression can be used to calculate the minimum sweep time:

Af

Ts min =k x
Bres Bvideo

whefe B is the video bandwidth.

video

Mosft spectrum analyzers and scanning EMI receivers automatically couple the sweep tinfe to
the selected frequency span and the bandwidth settings. Sweep time is adjusted to maintain a
calibrated display. The automatic sweep time selection can be overridden if lophger
obse¢rvation times are required, e.g. to intercept slowly varying signals.

In addition) for repetitive sweeps, the number of sweeps per second will be determined by the
sweppdime T ., and the retrace time (time needed to retune the local oscillator and to gtore

the VNP STV~ S V-V-ST1 L T-SP-X P-SA
mTCoSUTCTI eI o ouUItS, CtTCT~

6.6.4 Scan times for stepping receivers

Stepping EMI receivers are consecutively tuned to single frequencies using predefined step
sizes. While covering the frequency range of interest in discrete frequency steps, a minimum
dwell time at each frequency is required for the instrument to accurately measure the input
signal.

For the actual measurement, a frequency step size of roughly 50 % of the resolution
bandwidth used or less (depending on the resolution filter shape) is required to reduce
measurement uncertainty for narrowband signals due to the step-width. Under these
assumptions the scan time T for a stepping receiver can be calculated using the following
equation:

min
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&f
Toi =T o x— 2
smin mmin O,SBreS (3)
where T, min is the minimum measurement (dwell) time at each frequency.

In addition to the measurement time, some time has to be taken into consideration for the
synthesizer to switch to the next frequency and for the firmware to store the measurement
result, which in most measuring receivers is automatically done so that the selected
measurement time is the effective time for the measurement result. Furthermore, the selected

det etor—o o noale ar aact naale Aatarmainac thic tima nariand Ao anll
Qoo g P o O g o Pt o CteTT i e ot ot e P e TTotTr o v ot

For jpurely broadband emissions, the frequency step size may be increased. In this_case| the
obj€ctive is to find the maxima of the emission spectrum only.

6.6.9 Strategies for obtaining a spectrum overview using the peak detector

For| each pre-scan measurement, the probability of intercepting ,all critical speftral
comfponents of the EUT spectrum shall be equal to 100 % or as closgé-to 100 % as possjble.
Depgending on the type of measuring receiver and the characteristics of the disturbance, [that
may| contain narrowband and broadband components, two general approaches are proposgd:

— stepped scan: the measurement (dwell) time shall be 1o6ng enough at each frequengy to
measure the signal peak, e.g. for an impulsive signal the measurement (dwell) time shpuld
be longer than the reciprocal of the repetition frequency of the signal.

gwept scan: the measurement time shall be larger/than the intervals between intermiftent
signals (single sweep) and the number of frequency scans during the observation fime
should be maximized to increase the probability of signal interception.

Figyre 1, Figure 2, and Figure 3 show examples of the relationship between various tlme-
varyling emission spectra and the corresponding display on a measuring receiver. In g¢ach
caseg, the upper part of the figure shows the position of the receiver bandwidth as it efther
swepps or steps through the spectrum.
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Repetitive sweeps with maximum hold

<—§1st sweep—> <—§—2nd swe:ep—b <—3rd sweep:—b <—§4thjsweepz—> <E—5th éweep—é—»

sphetum| |
T | | ‘ | | H ‘ | | |
| | | | ||||| |||| |Ia R
£,
IEC
Key:
T, i the pulse-repetition interval of the impulsive signal. A pulse occurs at each vertical line of the spectrum

<

brsus time display (upper part of the figure).

Figure 1 — Measurement of a combination of a CW signal (NB) and an impulsive
signal (BB) using multiple sweeps with maximum hold

If the type of emission is unknéwn, multiple sweeps with the shortest possible sweep time|and
peak detection facilitate defesmining the spectrum envelope. A short single sweep is suffigient
to measure the continugus narrowband signal content of the EUT spectrum. For continyous
brogdband and intermittent narrowband signals, multiple sweeps at various scan rates usipg a
“maximum hold” function may be necessary to determine the spectrum envelope. For|low
repatition impulsive-signals, many sweeps will be necessary to fill up the spectrum envejope
of the broadband-component.

The(reduction of measurement time requires a timing analysis of the signals to be measyred.
Thig can.be done either with a measuring receiver that provides a graphical signal display,
used ‘invzero-span mode or using an oscilloscope connected to the IF or video output OT the
receiver, and with an example shown in Figure 2.
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NOTE Disturbance from a d.c. collector motor; due to the number of collectot segments, the pulse repsg
frequency is high (approximately 800 Hz) and the pulse amplitude varies copsiderably. Therefore for this exa
the recommended measurement (dwell) time with the peak detector is >10.ms:

From such a timing analysis, pulse durations and’ pulse repetition frequencies can
detgrmined and scan rates or dwell times selected, and according to the following:

90
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Figure 2 — Example of a timing\analysis

r continuous unmodulated narrowband disturbances, the fastest scan time pos;
r the selected instrument settings may'be used;

r pure continuous broadband .disturbances, e.g. from ignition motors, arc wel
quipment, and collector motors,.a stepped scan (with peak or even quasi-peak detec
r sampling of the emission spectrum may be used. In this case the knowledge of

see Figure 3). The step.size shall be chosen so that no significant variations in
gpectrum envelope are missed. A single swept measurement, if performed slowly eno
will also yield the spectrum envelope;

for intermittent (narrowband disturbances with unknown frequencies either fast g

dsed. A timingsanalysis may be required prior to the actual measurement to ensure pr
gignal inteteeption;

nalysis procedures, as described in CISPR 16-1-1.

tition
nple,

be

Sible

ding
ion)
the

type of disturbance is used {0 draw a polyline (piecewise) curve as the spectrum envejope

the
Ligh,

hort

gweeps involvingja “maximum hold” function (see Figure 4) or a slow single sweep maly be

bper

intermittent broadband disturbances shall be measured with discontinuous disturbance
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measurement (dwell) time 7T shall be longer than the pulse repetition interval T, which is the inverse ¢
repetition frequency.

Figure 3 — A broadband spectrum’ measured with a stepped receiver
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NOTE 1 The number of sweeps required or the sweep time may have to be increased, depending on pulse
durafion and pulse repetition interval.

NOTE 2 In this example, five sweeps are required for all spectral components to be intercepted.

Figure 4 — Intermittent narrowband disturbances measured using fast short repetitive
sweeps with maximum hold\function to obtain an overview of the emission spectrym

6.6.6 Timing considerations using FFT-based instruments

FFTtbased measuring instruments may combine the parallel calculation at N frequencies|and
a stepped scan. Forthis purpose the frequency range of interest is subdivided into a numpber
of segments Nggssthat are scanned sequentially. The procedure is shown in Figure 5 for three
segments. The(total scan time for the frequency range of interest 7, is calculated as:

Tscan = Tm Nseg (4)
where
T is the measurement time for each segment, and
Nseg is the number of segments.

FFT-based measuring instruments may also provide methods to improve the frequency
resolution across a given frequency range. In general, an FFT-based measuring instrument
will have a fixed frequency step fie, pr7 that is determined by the number of frequencies of
the FFT. Increased frequency resolution is achieved by performing repeat calculations over a
given frequency range. For each repeat calculation, the lowest frequency is incremented by a

frequency step, fsiep final-
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Hence the first calculation over the given frequency range considers the following

frequencies:

fmin'

fmin +fstep FFT:
fmin + 2fstep FFT:
fmin + 3fstep FFT---

The second calculation over the given frequency range considers the following frequencies:

fmin +fstep final +fstep FFT»
fmin +fstep final T 2fstep FFT>
fmin +fstep final T 3fstep FFT---

fmin + fnt p-fHrrars

Thig procedure, applied for a step ratio of 3, is displayed in Figure 6.

The|scan time Ty, is calculated as:

Sstep FFT
Tscan =Tm
fstep final
whefre
T is the measurement time, and
Jstep FFT
- is the step ratio.
fste)final

For p system that combines both methods theyscan time T, is calculated as:

fstep FFT

Tscan = TmNseg B
fstep final

NOTE 1 FFT-based measuring instruments may combine both methods, the stepped scan as well as a meth

imprgve the frequency resolution.

NOTE 2 Additional background\ information on the definition of the FFT-based receiver can be four

CISPR TR 16-3 [3].
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Figure 6 — Frequency resolution enhanced
by FFT-based measuring instrument

7 Measurement of radiated disturbances

7.1 Introductory remarks

This clause sets forth the general procedures for the measurement of the field strength of
radio disturbance produced by devices and systems. Experience with radiated disturbance
measurements is less extensive than that of voltage measurements. The radiated disturbance
measurement procedures are therefore open to revision and extension as knowledge and
experience are accumulated. In particular, attention shall be given to the effect of leads and
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cables associated with the EUT. Table 3 provides a summary list of CISPR radiated emission
test sites and test methods and the related cross-references to subclauses within this
document or to other documents.

For some products, it may be required to measure the electric, the magnetic, or both
components of the radiated disturbance. Sometimes a measurement of a quantity related to
radiated power is more appropriate. Normally measurements should be made of both the
horizontal and vertical components of the disturbance with respect to the reference ground
plane. The results of measurements of either the electric or magnetic components may be
expressed in peak, quasi- peak, average or rms values.

The| magnetic component of the disturbance is normally measured at frequencies. up to
30 NMIHz. In magnetic field measurements only the horizontal component of the field af the
position of the receiving antenna is measured when using the distant antenna procedure. If
the |oop antenna system (LAS) is used, the three orthogonal magnetic dipole moments of the
EUT| are measured. (Note that in the single antenna method, the horizontal cgmponent of the
field at the position of the antenna is determined by the horizontal and” vertical dipole
moments of the EUT because reflection plays a part.)

Table 3 — Applicable frequency ranges and document references
for CISPR radiated emission test sites and test.methods

Site / method 9 kHz to 30 MHz 30 MHz to 1000 MHz 1 GHz to 18 GHZ
Outdpor site tbd 738 n/a
LAS 7.2 n/a n/a
OAT$ or SAC tbd 7.3 n/a
FAR n/a 7.4 7.6
Comimon RE/RI n/a 7.5 n/a
(RI start 80 MHz)
Absofber-lined OATS n/a n/a 7.6
In-situ 7.7.2 7.7.3,7.74.2 7.7.3,7.7.43
Substitution n/a 7.8 7.8
Revefrberation chamber n/a 7.9 7.9
(Start 80 MHz)
TEM|waveguide IEC 61000-4-20 7.10 7.10

n/a = not applicable; tbd_= to be determined or is under consideration

7.2 | Loop-antenna system measurements (9 kHz to 30 MHz)

7.2.1 General

The |loop’antenna system (LAS) considered in this subclause is suitable for indoor measuremept of
the magnetic field strength emitted by a single EUT in the frequency range 9 kHz to 30 MHz.
The magnetic field strength is measured in terms of the currents induced into the LAS by the
magnetic disturbance field of the EUT. The LAS shall be validated regularly using the method
described in CISPR 16-1-4. CISPR 16-1-4 also gives a complete description of the LAS and a
relation between the measuring results obtained with the LAS and those obtained as
described in this subclause.

7.2.2 General measurement method

Figure 7 shows the general concept of measurements made with the LAS. The EUT is placed
in the centre of the LAS. The current induced by the magnetic field from the EUT into each of
the three large loop antennas of the LAS is measured by connecting the current probe of the
large loop antenna to a measuring receiver (or equivalent). During the measurements, the
EUT remains in a fixed position.
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The currents in the three large loop antennas, originating from the three mutually orthogonal
magnetic field components, are measured in sequence. Each current level measured shall
comply with the emission limit, expressed in dB(pA), as specified in the product standard. The
emission limit shall apply for an LAS having large loop antennas with the standardized
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diameter of 2 m.
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7.2.3

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

ferriteabsorber

Figure 7 — Concept of magnetic field induced current measurements made

with the loop antenna system

Test environment

judged in accordance with CISPR 16-1-4.
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7.2.4 Configuration of the equipment under test

To avoid unwanted capacitive coupling between the EUT and the LAS, the maximum
dimensions of the EUT shall allow a distance of at least 0,20 m between the EUT and the

standardized 2 m large loop antennas of the LAS.

The position of the mains lead shall be optimized for maximum current induction. In general,

this position will not be critical when the EUT complies with the conducted emission limit.

In case of a large EUT, the diameter of the loop antennas of the LAS may be increased up to

4 m_ln that case:

a) the current values measured shall be corrected in accordance with Clause. B.
CISPR 16-1-2:2014; and

b) the maximum dimensions of the EUT shall allow a distance between the'EUT and

7.2.5 Measurement uncertainty for LAS

b of

the

lerge loops of at least (0,1 x D) m, where D is the diameter of the non-standardized logp.

Genjeral and basic considerations about uncertainties of emission measurements are given in

CISPR 16-4-1.

7.3 [ Open-area test site or semi-anechoic chamber measurements (30 MHz to 1 GH
7.3.1 Measurand

The|quantity to be measured is the maximum electric/field strength emitted by the EUT
fungtion of horizontal and vertical polarization and, at heights between 1 m and 4 m, and

S a
at a

horizontal distance of 10 m from the EUT, overxall angles in the azimuth plane. This quaptity

shall be determined with the following provisions:

a) the frequency range of interest is 30.MHz to 1 000 MHz;

b) the quantity shall be expressed .in~terms of field strength units that correspond with| the

gnits used to express the limit leyels for this quantity;

c) @ SAC/OATS measurement-site and positioning table shall be used that complies witH the

pplicable CISPR validation requirements;
d) a measuring receiver compliant with CISPR 16-1-1 shall be used;

e) the use of alternative measurement distances, such as 3 m or 30 m instead of 10 m, $hall

e considered as)alternative measurement methods;

f) the measurement distance is the horizontal projection of the distance between
oundary-0of the EUT and the antenna reference point to the ground plane;

g) fhe EUT=is configured and operated in accordance with the CISPR specifications;
h) freg<space antenna factors shall be used.

the

The measurand E is derived from the maximum voltage reading ¥, by using the free-space

antenna factor F,:
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E=V.+A4,+F, (7)
where
E is the field strength in dB(uV/m) as in the measurand description;

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

[ A; 15 the 1055 Im dB of the measuring cabte between antenna and recetver. |

Freg-space antenna factors are used as a figure of merit for the antenna. It should/be npted
the field strength is measured above a ground plane, not in a free-space environmént

In ap EMC disturbance measurement the electric field strength is required @t a’given distance
from the boundary of the EUT. The test distance is measured from the reference point of the
antgnna to the boundary of the EUT (see Figure 8). In the case of acdifference between the
refefence point on an antenna and the phase centre, a correction factor may be appligd to
obtqin the field strength at the test distance.

NOTE 1 See also 7.5.2.2 and A.6.2 of CISPR 16-1-6:2014 [2] about/corfections of field strength resulfs for
anterjna phase centre variations.

Turntable

J Test tablg

Reference point of
antenna calibratior

Boundary of EUT
(imaginary circular periphery)

Measurement distance

F 3
h

IEC
Figure 8 — Measurement distance

As an example, consider a typical log-periodic dipole array (LPDA) antenna that has a
separation of approximately 0,6 m between the dipole that is responsive to the field at
200 MHz and the dipole that is responsive at 1 000 MHz. For the measurement of the
emission at a distance 4 = 3 m from the EUT, at a frequency of 200 MHz, the electric field
strength will be measured at a distance of approximately 3,3 m from P2 in Figure 9, according
to the value of d from Equation (11), where P2 is the boundary of the EUT.

phase

For a given frequency, the following correction, AE in dB, shall be added to the measured
electric field strength:


https://iecnorm.com/api/?name=9ab2d03712fe0c058102dfdce19f6561

CISPR 16-2-3:2016 © IEC 2016 - 37 -

d
AE =20 Ig( prjse J (8)

Referring to Figure 9 the distance from P2 to the resonant element at a given frequency is
dphase given by Equation (9). Point P1 is the manufacturer’'s mark or the centre of the
antenna, dyp is the distance from the tip of the antenna to P1 and d,,is the distance from the
tip of the antenna to the phase centre position at frequency f.

dphase = d+(d1f —dip) 9)
whefe
L ¢ = Imin \dmax — Ami
d1f _ ( f 7 'min )( max mln) +dmin (10)
lmax _lmin

lf is the length of the dipole element that is nominally resonant at frequency f'in
MHz and is equal to 0,9 x 150/ in m, where 0,9 is a,generic shortening
factor due to the finite radius of the dipole [11];

Iminfand I,5  are lengths of the dipoles having minimum and maximum lengths (i.e.| the
dipoles are resonant at approximately thev upper and lower opergdting
frequencies, respectively);

dminland d,,,  are the distances from the minimum and maximum length dipoles to the

antenna tip, respectively.

For hybrid antennas the phase center position @, is determined using information supplied
by the antenna manufacturer. In case of tabular form the antenna manufacturer shall projvide
d,fpr the frequency range 100 MHz to 300.MHz with a maximum frequency step of 20 MHz.

It is|assumed in Equation (8) that the\field point is in the far-field of the antenna. In a near-
field situation, usually for less than half a wavelength, the measurement for 4,pg [See
Equption (35) of CISPR 16-1-4;2010/AMD1:2012) takes near-field effects into account.| For
more detail, including corrections for tapered LPDA sections of hybrid antennas, see 7.5.2.2
of QISPR 16-1-6:2014 [2]. (Linear interpolation is used to estimate the phase centre posjtion
for frequencies between, the resonant frequencies of the elements at the ends of the operating
frequency range.

If a| phase centre. correction is not applied it shall be considered in the measurement
instjumentatiofi.incertainty budget in accordance with CISPR 16-4-2.

NOTE 2 JFhe antenna calibration laboratory may provide the electric field strength correction for spkcific
meaqurement distances (e.g. 3 m and 10 m) by equivalent corrections of the antenna factor for these distances.
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Figure 9 — Separation distance relative to'the phase centre of an LPDA antenna

p Test site requirements

test site shall conform to the retlevant specifications of CISPR 16-1-4 for its physical
trical properties, and for its validation.

i] General measurement method

re 10 shows the concept of measurements made on an open-area test site (OATS) or
i-anechoic chamber (SAC) with the direct and ground reflected rays arriving at
iving antenna.

and

in a
the
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ure 10 — Concept of electric field strength measurements made on an open-area test

ite (OATS) or semi-anechoic chamber (SAC) showing the direct and reflected rayjs
arriving at the receiving antenna

EUT is configured at a specified height above the&. ground plane and configuref

to

esent normal operating conditions. The antenna is’ positioned at the specified separgtion

The

ht of the antenna is adjusted so that the direct and reflected rays approach or meet in-

e addition. The procedural steps may be .interchanged and may need to be repeatdd

to

the maximum disturbance. For practical reasons, the height variation is restricted, pnd,

pfore, perfect in-phase addition may not-be achieved.

! Measurement distance

FUT subject to a radiated disturbance limit at a specified distance should be measurgd

at

distance unless to do so\would be impractical because of equipment size, etc. [The

to

antenna and the projection of the calibration reference point of the antenna on the grqund

log-

bdic antennas thewréference point is a point along the horizontal antenna boom midway

een the dipole elements that correspond to a half wavelength at the centre frequengy
nna frequendy. range.

E The ceatre frequency is defined by: 19(/,¢n0) = (19 fin + 19 finax)/25 foontre = 109V CENtre),

of

stanee of 10 m is preferred at most outdoor sites since at this distance the expected level

of the\disturbance being measured is sufficiently above the general ambient noise levél to

permit useful testing. Distances of less than 3 m or greater than 30 m are not generally used.
If a measurement distance other than the specified distance is necessary, the results should
be extrapolated using the procedures specified in the product standards. If no guidance is
given, suitable justification for extrapolation shall be provided. In general, extrapolation does
not follow a simple inverse distance law.

Where possible, measurement should be made in the far field. The far-field region may be
defined by the following conditions. The measurement distance d is selected so that:

a) d > A/6. At this distance E/H = Z; = 120 n = 377 Q, that is electrical and magnetic field
strength components are perpendicular to each other, and the measurement error is in the
order of 3 dB if the EUT is regarded as being a tuned dipole antenna; or
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b) 4 > A, a condition for a plane wave, where the error is in the order of 0,5 dB if the EUT is

regarded as a tuned dipole antenna; or

c) d>2D?/ A, where D is the largest dimension of either the EUT or the antenna determining
the minimum aperture for the illumination of the EUT, which applies to cases, where
D >> A

7.3.

For
vari
and

5 Antenna height variation

electric field-strength measurements, the antenna height above the ground plane shall be
ed within a specified range to obtain the maximum reading that will occur when the direct
reflected rays are in phase. As a general rule, for measurement distances up to and

inclyding 10 m, the antenna height for electric field strength measurements shall be_vy3gried
between 1 m and 4 m. At greater distances of up to 30 m, preferably the height shall be vgried
between 2 m and 6 m. It may be necessary to adjust the minimum antenna height alpove
groynd down to 1 m in order to maximize the reading. These height scans apply for poth

hori
sha

leastt 25 cm.

7.3.

7.3.

rontal and vertical polarization, except that for vertical polarization, the.-minimum hegight
Il be increased so that the lowest point of the antenna clears the site ground surface by at

] Product specification details

5.1 General

In agdition to specifying the detailed measurement method and the disturbance parametefs to

be measured, the product standards shall include other relevant details as outlined below.

7.3.

5.2 Test environment

Thelinfluence of the test environment shall be‘considered so as to ensure correct functiohing
of the EUT. Important parameters in the (physical environment shall be specified, |e.g.

tem

berature and humidity.

Thelelectromagnetic environment needs special consideration to ensure accurate disturbance
megsurements. The ambient radio(noise and signal levels measured at the test site with the
EUT| de-energized should be at_I€ast 6 dB below the limit. It is recognized that this is| not
alwgys realizable at all frequéncies. However, in the event that the measured levels off the
ambiient plus EUT radio noise emissions are not above the limit, the EUT shall be considered
to bg in compliance with the limit. See 6.2.2 and Annex A for further guidance about ambient

levels and resulting méasurement errors.

If the ambient field-strength level at frequencies within the specified measurement ranges, at

the
use

a)

b)

specified measurement distance, exceeds the limit(s), the following alternatives may be
d to show compliance of the EUT:

Perform measurements at a closer distance and extrapolate results to the distance at
which the limit is specified. Extrapolate the results using one of the following methods:

1) determine L, corresponding to the close-in distance d, by applying the relation
Ly, = L4(d4/d5), where L, is the specified limit in uV/m at the distance dy;
NOTE This extrapolation method can only be used when both d, and d, are in the far-field zone of the
EUT at all frequencies of measurement.

2) use the formula as recommended by the product standard;

3) determine the limit L, at a distance d, applying an extrapolation formula verified by
measurements at no less than three different distances.

In the frequency bands where the ambient noise values are exceeded (measured values
higher than 6 dB below the limit), the disturbance values of the EUT may be interpolated
from the adjacent disturbance values. The interpolated value shall lie on the curve
describing a continuous function of the disturbance values adjacent to the ambient noise.
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c)

d)

e)

f)

7.3

The|EUT operating conditions and arrangement are detailed in 6.4.

5.3 Configuration of EUT

Perform measurements in critical frequency bands during hours when broadcast stations
are off the air and the ambients from industrial equipment are lower.

Compare the amplitude of the EUT disturbance at the frequency under investigation with
the amplitude of the disturbance on adjacent frequencies, in a shielded room or absorber-
lined shielded room. The amplitude of the EUT disturbance at the frequency under
investigation can be estimated by measuring the amplitude of the adjacent frequency
disturbance and making a comparison.

Consider the directions of strong ambient signals in orienting the axis of an OATS, so that
the orientation of the receiving antenna on the site discriminates against such signals as
far as possible.

se a narrower instrument bandwidth for narrowband disturbances from the EUT occufring
ear an RF ambient when both are within the standard bandwidth.

Ferrjite clamp type CMADs are used to reduce the influence of cables outside the test volume

on

radiated disturbance measurement results. If CMADs are used, the-cable leaving the|test

volume shall enter the CMAD at the point where it reaches the{ground plane as shown in
Figure 11. The CMAD shall always be placed flat on the ground¢plane. The part of the chble
between the exit point of the CMAD and the exit point of thesxturntable shall be kept as ghort
as possible. Each cable shall be treated with a separate CMAD. Cables with diameters larger
than the cable openings of commercially available CMADs do not have to be treated |with

CMADs.

In ofder to avoid saturation, high common mode:current power cables (e.g. the output pofrt of
inverters) should not be treated with CMADs-unless the CMADs in use are specifigally

designed for high common mode currents.

For EUTs with up to three cables leaving the test volume, each cable shall be treated wi{th a
CMAD during radiated disturbance measurements. This requirement applies to any typje of
cable (e.g. power, telecommunication, and control). For a test set-up with more than three
cables leaving the test volumej_only the three cables from which the highest emissign is
expected need to be equipped with CMADs. The cables on which the CMADs have RQeen

applied shall be documented. in the test report.

NOTE The limitation of the number of CMADs is discussed in [12]. In comparing large versus small size EUT[s, as

well
test

threg| cables or less;

hs EUTs with one versus two cables, the author concluded that a small EUT with only one cable leavinpg the
olume is worst, case. The author’s investigation covered application of CMADs to tabletop equipmen{ with

Genjeral information on the purpose and application of ferrite-type CMADs is provided in 4.9.1

of CISPRTR 16-3:2010 [3].
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EUT

AN
.

Turntable

Y CMADs shall comply with the relevant specifications of CISPR 16-1-4. Their use shall be documented ih the
tgst report.

Figure 11 — Position of CMAD for table-top equipment on OATS or in SAC

7.3.Y Measurement instrumentation

The| measurement instrumentation, including <antennas, shall conform to the releyjant
reqyirements in CISPR 16-1-1 and CISPR 16-1%4"

7.3.8 Field-strength measurements on other outdoor sites

Outdoor test sites similar to an open-area test site but without any metal ground plane maly be
pregcribed for some products, for practical reasons, e.g. ISM equipment and motor vehigles.
The|provisions given in 7.3.4 tonZ.3.7 shall remain applicable.

7.3.9 Measurement uncertainty for OATS and SAC

Genjeral and basic considerations about uncertainties for emission measurements are given in
CISPR 16-4-1. Unc¢ertainty aspects specific to radiated emission measurements on an OATS
or SAC (30 MHz te1 GHz) are given in CISPR 16-4-2.

7.4 | Fullyanechoic room measurements (30 MHz to 1 GHz)

7.4.1 Test set-up and site geometry

The same type of antenna shall be used for EUT emission testing as the receive antenna
used for the FAR site validation testing. The antenna height is fixed at the geometrical middle
height of the test volume. Measurement are carried out in horizontal and vertical polarization
of the receive antenna. Emission should be measured while the turntable rotates with the EUT
in each of at least three successive azimuth positions (0°, 45°, 90°), when continuous rotation
is not required. Figure 12 illustrates the typical FAR site geometry, and the relevant
dimensions.

The EUT shall be placed on a turntable. Figure 12, Figure 13 and Figure 14 explain the
different dimensions within the FAR. The turntable, antenna mast and supporting floor shall
be in place during the site validation procedure, and consist largely of material transparent to
electromagnetic waves. The distances a, b, ¢ and e may be limited by the size of the test
volume. The level of the bottom plane (absorber height plus ¢) is the level for floor-standing
equipment (transport pallet height is outside the test volume).


https://iecnorm.com/api/?name=9ab2d03712fe0c058102dfdce19f6561

CISPR 16-2-3:2016 © IEC 2016 - 43 -

A A AN TR
1 1 1 1 1 ! ! 1 1 1 ! 1 1
A S A S A A R B S S A S A S ) '
\ N \ 1 N A} 1 A} 1 \ 1 1 1 1 A} 1 1
vy, vy vy, vy, 1y vy vy vy v,
Pl Y Y Y Y Y Y Y Y -1
1 T . 1
L,_.—— «—a 5l .\ﬂ:
B~ X P ionier NSRS o it
1 -
1 ,—" I il :
Ir-‘. | :—:
1 I ]
L N SRR . . puiin 1
= | Antenna =4
| ) 1
} a1« F e ~;J|--
=
: 1 ! : :
P 4 L ~~
N = | o 1 180 cm 4
1 SO ] -
1 g | Iv‘. N SO, i
N | L4 i s
) RNy | ol B el
hm | ==~ k 2 QU H N— Yhodag i ¥ -~
o | B S e e 1 T---- )
! S~o | Ta 14 €=y _.-171
| - N I 2) -~
N ! [/ ” n ! l I(}I Il"uCMAP i Tk
: l’ \‘ I’ 3 ll “ l’ \‘ 1’ 4 ll 4 ll “ l’ \‘ 1) ll : l’ “ l’ \‘ I“ II p I’ 3 N
[ A S A | A v, [N U0 S U W S B
[ N, ¢ [ N N N N N N N N O N S A A I S S N S
1 \ \ \ 1 1 1 \ \ 1 \1J' \ \ 1 1 \ \ \
! v ! V! 4 \ V! £ \ v ! Vi v [ V! \ v, v v [ VA \ v \
| . S S U | S LS TSI /SIS | SIS | S USRS, (S U SIS USSR NS USRI USSR USSR LSS (S U N
IEC
Key
A turntable and EUT support fixture
2x 1,5m, 2,5 m, 5 m — corresponds to test distance used (3 m, 5 my 'or 10 m respectively)
he, middle level of the test volume
a b e >0,5 m recommended (=1 m is more convenient), theactual value is consistent with the FAR
R validation procedure of CISPR 16-1-4
d 3m,5m,or10m
1) The antenna and cable layout shall be validated together and used in the same configuration during EUT] test.
The antenna together with the cable may have\to.be moved for the alignment of the required test disfance
dpring the EUT test.

2) CMADs shall comply with the relevant spedcifications of CISPR 16-1-4. Their use shall be documented ih the
gst report.

—_

Figure 12 — Typical FAR site geometry, where 4, b, ¢, e
depend upon the room performance
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cenfre, a correction factor maycbe applied to obtain the field strength at the test distance.
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he antenna cable layout shall be the same as in the site validation procedure (see Figure 12).

a given frequency, the correction AE in dB in Equation (8) shall be added to the meas
tric field strength.invorder to reduce its uncertainty. The correction of electric field stre
bplied to account-for the phase centre correction of LPDA antennas and the log-peri
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turntable and EUT support fixture
1,5m,2,5m,5m

3m;5m, or 10 m (for 3 m, 5 m, or 10 m test distance, respectively)

MADs shall comply with the relevant specifications of\€ISPR 16-1-4. Their use shall be documented i
st report.

Figure 13 — Typical test'set-up for table-top equipment
within the test volume of a FAR
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Key
A turntable and EUT support fixture
2X 1,6m,2,5m,5m
d 3m,5mor 10 mfor 3 m, 5 m, or 10 m test distance, respectively
Pallef of 12 cm (10 cm to 14 cm) is a compromise between nietal- and wooden ground plane.
1) The antenna cable layout shall be the same as in the validation procedure (see Figure 12).
2) The cable layout depends on the location of the gable outlets and shall be close to the surface of the housihg.
3) CJMADs shall comply with the relevant specifications of CISPR 16-1-4. Their use shall be documented ih the
tgst report.
Figure 14 — Typical test set-up for floor-standing equipment
within the test volume of a FAR
7.4.2 EUT position
Figyre 13 and Figure™t4 illustrate test set-ups in a FAR for typical table-top and floor-standing
EUTs, respectively. yThe EUT shall be configured, installed, arranged and operated |n a
manner consistent- with typical applications. The entire EUT shall fit in the test volume.
Assopciated equipment that is required to exercise the EUT, but does not form part of it, $hall
be Ipcated outside the screened room.
Intefface, cables shall be connected to each type of interface port of the EUT. If the EUT
consists—ef separate—devices—the—space—between—thedevices—shall be—in—the—nermal

configuration, but with 10 cm separation if possible. Interconnecting cables shall be bundled.
The bundle shall be 30 cm to 40 cm long and longitudinal to the cable.

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

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

b) Where it is not physically possible to elevate a large EUT to the centre of the test volume
(Figure 12 and Figure 13), the EUT may remain on a non-conductive transport pallet
during the test (Figure 14). The height of the pallet shall be recorded in the test report.
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The installation specifications for some floor-standing equipment require the unit to be
installed and bonded directly to a conductive floor. The following considerations apply for
testing of floor-standing equipment in a FAR: if FAR test results for floor-standing equipment
intended to be installed and bonded directly to a conductive floor show non-compliance with
an emissions limit applicable to FAR sites, actual emissions may be lower if the EUT were
tested on a ground plane that better simulates the final installation environment. This is
particularly true if the emissions are at a frequency below 200 MHz, horizontal polarization,
and the source of emissions is from a location on the equipment that would correspond to a
height above ground of 0,4 m or less in a typical installation. The reader is advised that prior
to a determination of non-compliance based on FAR measurements, additional investigation
in a ground plane test environment (i.e. an open-area test site or semi-anechoic chamber) is

s in
cable layout and termination, when one single EUT is measured at various//test-sites. [The
following listed items are general conditions for the test set-up in order’to provide good

reprpducibility (see Figure 13 and Figure 14). Ideally all radiation to be measured should jonly
be gmitted from the test volume. The cables used during the test shall-be in accordance |with
manjufacturer's specifications. The EUT may employ non-terminated cables if cpable
ternminations are not available. The specifications of the cables<hd terminations used dyring

a) The cables that are connected to the EUT and auxiliaty equipment or power supply $hall
nclude a length of 0,8 m run horizontally and 0,84n run vertically (without any bund|ing)
nside the test volume (see Figure 13 and Figure{14). Any cable length in excess of 1{6 m
ith a relative tolerance of £5 % shall be routedwutside the test volume.

b) [If the manufacturer specifies a shorter length)than 1,6 m, then, where possible, it shall be
briented such that half of its length is horizontal and half is vertical in the test volume.

c) (Cables that are not exercised through associated equipment during the test shall be
hppropriately terminated:

) coaxial (shielded) cables with coaxial terminator with correct impedance (50 Q or
75 Q);

?) shielded cables with\more than one inner wire shall have common mode (ling to
reference earth/ground) and differential-mode (line to line) termination in accorddnce
with the manufacturer’s specifications;

B) unshielded cables shall have differential mode termination as well as common-mode
termination inJaccordance with the manufacturer’s specifications.

d) |f the EUThneeds associated equipment in order to be operated properly, special fare
thall be™\taken that no emission of that equipment can influence the radigtion
neasurement. Associated equipment shall be located outside the screened rpom
wherever possible. Measures against RF-leakage into the FAR through | the
Intérconnection cables shall be taken.

e) The test set-up, including cable layout and details of attached cables and terminations,
are specified in the different product standards.

f) Ferrite clamp type CMADs are used to reduce the influence of cables outside the test
volume on radiated disturbance measurement results. The cable leaving the test volume
shall enter the CMAD at the point where it reaches the bottom of the test volume
(turntable) as shown in Figure 12, Figure 13 and Figure 14. Each cable shall be treated
with a separate CMAD. Cables with diameters larger than the cable openings of
commercially available CMADs need not be treated with CMADs.

In order to avoid saturation, high common mode current power cables (e.g. output port of
inverters) should not be treated with CMADs, unless the CMADs in use are specifically
designed for high common mode currents.
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For EUTs with up to three cables leaving the test volume, each cable shall be treated with
a CMAD during radiated disturbance measurements. This requirement applies to any type
of cable (e.g. power, telecommunications and control). For a test set-up with more than
three cables leaving the test volume only the three cables from which the highest emission
is expected need to be equipped with CMADs. The cables on which the CMADs have been
applied shall be documented in the test report.

General information on the purpose and application of ferrite-type CMADs is provided in
4.9.1 of CISPR TR 16-3:2014 [2].

Due to the different nature of the many possible EUTs, product standards may deviate
considerably from the requirements of this subclause (e.g. 10.5 of CISPR 22:2008 [4]).

7.4.4 Measurement uncertainty for FAR

Genjeral and basic considerations about uncertainties of emission measurements_‘are givegn in
CISPR 16-4-1. Conditions for the use of alternative test methods are given in\CISPR 1644-5.
An example of an uncertainty budget for an emission measurement at a3 .m distance |in a
FAR is given in CISPR 16-4-2.

7.5 | Radiated emission measurement method (30 MHz to 1 GHz) and radiated immunity
test method (80 MHz to 1 GHz) with common test set-up,in"'semi-anechoic
chamber

7.5.1 Applicability

As an alternative to different test set-ups for radiated emissions and radiated immynity
testing, at the discretion of product committees)testing to both requirements may be
performed using a common EUT arrangementyin® accordance with the provisions of |this
clause. The test arrangement described in thiscclause is applicable when radiated emissjons
and|immunity testing of the EUT using the same configuration and test set-up is technigally
justi:[ied. This test arrangement is considered to be most applicable to EUTs of simple

configuration, e.g. single enclosure, combination of small enclosures, less than five caples
conmected to the EUT. This alternative‘test arrangement is allowed for EUTs whose product
emigsions standards permit radiated eémission tests at 3 m separation distance.

The|radiated immunity test may be performed with absorbing material covering portions of the
groynd plane between the(EUT and the transmitting antenna, if necessary to achieve field
uniformity, as described in IEC 61000-4-3 (i.e. absorber-lined SAC, analogous to absoiber-
lined OATS). For emission measurements, the normalized site attenuation characteristigs of
the BAC without the-ground-plane absorber shall satisfy the requirements of CISPR 16-1-4.

7.5.2 EUT perimeter definition and antenna-to-EUT separation distance

Radjated -emission and immunity tests shall be made with the receive or transmit antgnna
located ‘at’ a horizontal distance of 3 m plus half of the maximum width of the EUT bging
test£d, measured from the centre of the EUT. The antenna reference point used when
determining its distance from the EUT is the idenfiified reference point. However, if the
reference point is not specified, the reference point is a point along the horizontal antenna
boom midway between the dipole antenna elements that correspond to a half wavelength of
the upper and lower frequency limits to be evaluated.

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

For a given frequency, the correction AE in dB in Equation (8) is added to the measured
electric field strength in order to reduce its uncertainty. The correction of electric field strength
is applied to account for the phase centre correction of LPDA antennas and the log periodic
part of hybrid antennas. If a phase centre correction is not included, it shall be considered in
the uncertainty budget. Refer to 7.3.1 for more details.
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The EUT perimeter is defined by the smallest virtual (imaginary) rectangle encompassing the
EUT. All intersystem cables shall be included within this perimeter (see Figure 15). Each edge
of this perimeter shall lie in one of the four face planes of the EUT, co-planar with (and
possibly residing within) the uniform field areas (UFAs) calibrated for immunity tests,
depending upon the horizontal test distance.

Turntable

\ Plane 1 Plane 2
1

1
1
]
|
' Test volume where the NSA
' requirement for CISPR 16-1-4
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‘ l I
( | | ‘
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Figure 15 — Positions of reference planes for uniform field calibration (top-view)

7.5.8 Uniform test volume
Thel|uniform test volume is defined by the following conditions.

e The EUT and its auxiliary equipment (AuxEq) (e.g. peripherals and cables) shall fit into a
est volume wherethe site validation requirements of CISPR 16-1-4 are fulfilled. Refer to
fhe site validation procedure for alternative test sites for use in emission measurements of

ISPR 16-1:4;

. he EUT-and its AuxEq shall fit into a test volume that allows each of the faces of the EUT
and its YAuxEq to be aligned with the uniform field area according to the requirements of

IEC 61000-4-3. In the example shown in Figure 15, this is at the plane with length 5 along the
front face of the EUT (0° azimuth) and the plane with length a along the side face of the EUT
(90° azimuth).

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

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

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

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

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

Designate P, as the forward power (logarithmic scale) for the UFA at the centre of the
turntable, evaluated by either the calibration with constant field strength or the calibration
method with constant power, and P., as the corresponding forward power for the UFA at
0,79 m in front of the centre of the turntable. The required forward power to illuminate.an EUT
surface can be calculated by linear interpolation from P, and P, and the corresponfing

dist
des

For

ances (also in logarithmic scale) to the antenna. For other measurement\details |and
riptions, refer to 6.2 of IEC 61000-4-3:2006 calibration of field.

EUT perimeter dimensions that differ by 20 % or less of the 3 m separation distance (that

is, 0,6 m or less), only a single uniform field area calibration is required at the separgtion

dist

ance corresponding to Plane 1 in Figure 15 (the widest face of the"EUT).

NOTE When using the method described in the preceding paragraph, twao faces of the EUT will be tested at a

high

gr immunity field-strength level due to their closer distance to the transmitting antenna.

The|EUT perimeter, including the connecting cables, shallfit within the test volume wherg the

site
sha
dim

validation requirement is satisfied. For the common emission/immunity set-up, the fagility
If be calibrated at two vertical planes corresponding to the minimum and maximum
nsions of the EUT perimeter at 0°, 90°, 180° 'and 270° to the EUT faces. The typgs of

equipment to be tested in the facility may be)considered for selection of the two pJane

localtions.

If flgor absorbers are used to achieve the field uniformity criterion, these absorbers shall be
placed between the transmitting antenna and Plane 2. If only one plane is calibrated (th3t is,

an EUT with a difference of the two boundary dimensions being less than 0,6 m), the floor
absrjwbers, when used, shall be, placed between the transmitting antenna and the calibrpted
plane.

7.5.4 Specificationsfor EUT set-up in common emissions/immunity test set-up

The| tests shall be~performed with the equipment configured as closely as possible tp its

typi

¢al, practical operation. Unless stated otherwise, cables and wiring shall be as specjfied

by the manufacturer and the equipment shall be in its housing (or cabinet) with all covers|and

acc

¢ss panels‘in place. Any deviation from normal EUT operating conditions shall be inclyded

in the test.report. The specifications of 7.3.6.3 apply. The EUT (on a non-conductive sugport
structure, where applicable) shall be placed on a remotely operated turntable, as specifigd in

7.3.6:3¢,to allow the EUT to be rotated.

The height of the EUT above the ground plane shall be in accordance with the following
requirements.

Tabletop equipment is placed on a non-conductive set-up table with height
0,8 m+ 0,01 m, see 7.3.6.3. CISPR 16-1-4 specifies the method to determine the impact
of the non-conductive set-up table on test results.

Floor-standing equipment is placed on a non-conductive support, as specified in the
applicable product standard. If there are no EUT height placement requirements in the
product standard, the EUT shall be placed on a non-conductive support at a height of
5 cm to 15 cm above the ground plane.
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Equipment designed for wall-mounted operation shall be tested as table-top equipment. The
orientation of the EUT shall be consistent with that of normal operation (that is, positioned as
normally installed).

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

The[ number of additional cables should be limited to the condition where the- addition of
anofher cable does not decrease the margin by a significant amount (for example;’2 dB) jwith
resgect to the limit. In some cases the optimum arrangement of features,Joads, interface
types, and cables for emissions and immunity tests are different, which may.result in the need
for Jome reconfiguration of the EUT within the confines of the uniform EUT“arrangement.

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

e The cables shall be oriented so that vertically- and horizantally-polarized radiation fields
are not excluded. The cable layout rules and cable lengths defined in the applicpble
product emission and immunity standards shall be applied. However, in case of confligting
lequirements, the layout and maximum cable lengths defined in the product emission
gtandard shall be used. Fulfilling the rules can¢be accomplished by applying the cpble
placement rules of the emissions standard afd “exposing a minimum length of 1 of
¢able, with a mix of horizontal or vertical\parts, to the electromagnetic field dyring
immunity testing (unless the manufacturer’s\specifications require shorter cables). Ex¢ess
¢able lengths should be bundled in the~approximate centre of the length of the cable to
Ilorm a bundle 30 cm to 40 cm in length~If no information is provided about cable layolt in
he product emission standard, the following arrangement is applied.

+ For a table-top EUT (Figure~46 and Figure 17), the cables leaving the uniform |test
volume (that is, those that<gconnect the EUT to the outside world) shall be exposgd to
the electromagnetic fieldvaccording to Figure 16 and Figure 17 for a total length of|1 m
(x0,1 m), and then extended vertically down towards the floor (with a minimum lepgth
of 0,8 m imposed by-the EUT table height). Interconnecting cables that hang from the
table shall be atha minimum distance of 0,4 m (x0,04 m) from the ground plang. If
cables that hang closer than 40 cm to the ground plane cannot be shortened to| the
appropriate(length, the excess cable shall be folded back and forth to form a bupdle
30 cm to.40°cm long. If the maximum length declared by the manufacturer for ceftain
cables‘does not allow a one meter horizontal cable layout, including a length to gé¢t to
the «ground plane for table-top products (placed on the 0,8 m height table),| the
horizontal layout shall depend on the length of cable in excess of 0,8 m. Bundlirlg is
not required.

D

——For a ftfoor-standing EUT (Figure 8 and Figure 19), cabies feaving the umifornT test
volume shall be arranged with a length of at least 0,3 m run horizontally within the test
volume and with a vertical run according to typical, normal use (depending on the
height above the floor of the I/O port). Horizontal cables shall be insulated from the
ground planes by a minimum height of 10 cm for the entire length of the cable that is
intended to be laid out along the floor.

Cabling between enclosures of the EUT shall be treated as follows.

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

e If the manufacturer's specification requires a cable length of less than or equal to 3 m,
then the specified length shall be used. The cables shall be exposed for a length of 1 m
(x0,1 m) and the excess shall be folded back and forth, forming a bundle 30 cm to 40 cm
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Thelfollowing items should be considered with?7.3.6.3.

long, for table-top equipment (see Figure 16 and Figure 17) and approximately 1 m for
floor-standing equipment (see Figure 18 and Figure 19).

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

EUT combinations of table-top equipment and floor-standing equipment shall be arranged
according to the set-up of each individual equipment configuration and the interconnecting
cables between table-top equipment and floor-standing equipment shall be according to
these rules.

For the cables not terminated into auxiliary equipment, differential- and common-mode
terminations should be simulated to represent the mlyilinry pqllipmpnt that would be

¢onnected to the cables and represent the required functional impedance.

Cables not connected to another device may be terminated as follows (see also 72316.3).

+ Coaxial shielded cables shall be terminated with a coaxial termination (usually 50 [2 or
75 Q).

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

+ Unshielded cables shall have differential-mode ~termination according to |the
manufacturer's specifications.

+ All cables that have been shortened in respect/to~their maximum lengths declarefl by
the manufacturer and provided with artificial'\terminations for testing conveniepce,
according to this paragraph, should also be/provided with additional 150 Q common-
mode terminations to the test chamber wallor floor.

If the EUT needs associated equipment (AE) to operate properly, special care shall be
ken to ensure that the AE does\not affect the radiated emissions measurements of the
fadiated immunity tests. The  AE may be located outside the anechoic chamber dyring
tsting if proper connecting. interfaces are available on the chamber shielding. Measlres

prevent RF-leakage into_or out of the anechoic chamber through the interconnegtion
¢able may be necessary.

Dther methods or_équipment used to suppress unwanted emissions from AE shall be
I[pcated outside thé\test chamber or beneath the raised floor.

The test set-up,-including cable layout, specifications of attached cables and terminatipns,
yse of CMADR(s) on cables leaving the test volume, and other measures taken to suppfess
emissions-from AE outside the test volume, shall be clearly described in the test report.
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(including cables)
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Test volume where the NSA
requirement for CISPR 16-1-4 is
satisfied

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

Xp = Horizontal cable parallel to the

14

Turntable
lground-plane)

st report.

Cables leaving the test
volume

Figure 16 — Test set-up for table-top equipment
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Y = Cables run down vertically from
the edge of the table

Z = Minimum distance from the ground
plane of\interconnecting cables that
hang-from the table: 0,4 m + 0,04 m

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

IEC

MADs shall comply with the relevant specifications of CISPR 16-1-4. Their use shall be documented ih the



https://iecnorm.com/api/?name=9ab2d03712fe0c058102dfdce19f6561

CISPR 16-2-3:2016 © IEC 2016 - 53 -

EUT perimeter

Cables leaving the test
volume

X5 + Xp = Total horizontal cable
length on the table: 1 m+ 0,1 m

SUEENNE B between 30 cm and 40 cm in
: Y length

Interconnecting cables

s

Turntable

Figure 17 — Test set-up for table-top equipment — Top view

B = Excess cable length bundle
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Test volume where
the NSA requirement
for CISPR 16-1-4

\
A A/ is satisfied

X = Horizontal cable run parallel
to one EUT perimeter face and

Turi
(9rg

Note

1) C
rg

port.

Figure 18.=Test set-up for floor-standing equipment
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/ i ' /7 I | least 0f0,3m
] ]
L___ ___I— — — — T 17 =0dDIEs TUIT UOWTT
| | i vertically
| o
EUT | | i B = Excess cabledength bundlle
| : | approximately 1'm'in length
| Y]
| 1
| I
]
EUT — ] | | : | !
y | 1
+ - = =] I ! I :
1 ) |
| ' l
/ |
I+
> 1 7 /,
— o — — - / Z,
_______ » 7
i
htable CMADs
und-plane) 1
Cables leaving the test
volume
IEC
that the bend radius of cables shall not be exceeded to meet the bundled cable length.
MADs shall comply with the relevant specifications of CISPR 16-1-4; their use shall be documented in th¢ test
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Note

7.5.

Gen
CIS

7.6

7.6.
The

EUT perimeter

Cable support
Cables leaving the test volume

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

EUT support B =Excess cable Tength bundle
at approximately 1 m in length

Turntable
IEC

that the bend radius of cables shall not be exceeded to meet.the bundled cable length.

Figure 19 — Test set-up for floor-standing equipment — Top view

b Measurement uncertainty for common emission/immunity set-up and metho

feral and basic considerations about wncertainties of emission measurements are give
PR 16-4-1.

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

[ Quantity to measure

electric field strength emitted by the EUT at the measuring distance is the quantity t

megsured. The result shall be expressed in terms of field strength.

In s
effe
toc

For

ome standards, emission limits above 1 GHz for equipment are expressed in term
Ctive radiated power (Pgg) in dB(pW). Under free-space far-field conditions, the equg
bnvert)Pre into field strength, in dB(uV/m), at a 3 m distance is:

nin

D be

s of
tion

E3m =IRe +74

distances d, in m, other than 3 m:

E; =R +74+20 Ig(gj

7.6.2 Measurement distance

(11)

(12)

The field strength emitted by the EUT is measured at a preferred distance of 3 m. The
measurement distance, d, is the horizontal distance between the periphery of the EUT and the
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receive antenna reference point (see Figure 20). The EUT encompasses all portions of the
EUT, including cable racks and support equipment and a minimum cable length of 30 cm.

Other distances may be used in practical situations, i.e.:

— shorter distances in the case of high ambient noise, or to reduce the effect of unwanted
reflections, but care should be taken to ensure the measurement distance is greater than
or equal to D2/(24);

— greater distances for large EUTs to allow the antenna beam to encompass the EUT.

Bec ) be
incoherent and radiated from a point source, the minimum distance mentioned above)| i.e.
D?/(24), is to be established using the measuring antenna dimensions, and noi~the EUT
dimensions.

If measurements are carried out at a distance other than 3 m, the measuremént-distance s$hall
be greater than or equal to 1 m and less than or equal to 10 m. In‘such a case,| the
megsurement data is to be adjusted to a 3 m distance, assuming free;space propagation.
Usefs are advised that comparison of measurements at different distances and extrapolation
of results typically will not correlate as well as measurements made' at the same distance.
Standards or specifications that reference this test methodsshould identify a prefgrred
megsurement distance.

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

As g general guideline, test set-ups and operating conditions of the EUT shall be the samg as
thoT used below 1 GHz. Whenever possible, the test set-up should be representative of the
mosit typical configuration of the EUT (table-topfloor-standing, rack-mounted, wall-mourjted,
etc.).

The| test set-up should also consider that for measurements above 1 GHz absorbers| are
typig¢ally required on the floor betwéen the antenna and EUT. Whenever practical| for
emigsion measurements above 1 GHz the EUT should be raised above the height of| the
absLTrbers. If it is not possible tosraise the entire EUT above the absorbers (i.e. for rack-
mounted or floor-standing equipment), efforts should be made to configure the EUT (within a
rac or chassis, for example) such that the radiating elements are located above| the
absorbers. The EUT shall be’ located in the test volume established during site validation, as
desc¢ribed in CISPR 16-1-4. If it is not practical and safe to raise the EUT or its radigting
elements above the @bsorber height, the maximum extent of the EUT that is permitted tp be
locafted below the highest point of the absorbers is 30 cm (see 7.6.6.1 and Figure 20).

The|actual EUT configuration and set-up used shall be documented in the test report with
pholographs-or diagrams clearly showing the location of the EUT with respect to the fagility
floor or furntable surface, absorber placement on the floor (height and location) and receive
antgnnaocation.

7.6.4 Measurement site

The measurement site shall comply with the requirements described in CISPR 16-1-4.

7.6.5 Measurement instrumentation

The measurement instrumentation shall comply with the requirements described in
CISPR 16-1-1 and CISPR 16-1-4.

Measurements to verify compliance with a peak limit shall be conducted with the peak
measuring spectrum analyzer or receiver using a measurement bandwidth of 1 MHz (impulse
bandwidth) as defined CISPR 16-1-1.
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Measurements to verify compliance with an average limit shall be conducted with a peak
measuring spectrum analyzer using a measurement bandwidth of 1 MHz (impulse bandwidth)
and a reduced video bandwidth, set as defined in CISPR 16-1-1. The value of video
bandwidth required for an average measurement shall be less than the lowest spectral
component of the input signals to be measured.

NOTE A spectrum analyzer can be used to perform average measurements by setting the display mode to linear
and the video bandwidth to a value that is lower than the lowest spectrum component of the input signal to be
measured. For example, if the input signal has a 1 kHz pulse repetition frequency (PRF), for a video bandwidth
less than 1 kHz, only the d.c. component of the signal (i.e. the average value) will pass through the video filter.

spe¢trum analyzer shall be increased, due to the use of narrower video bandwidths,; 46 enpure
accurate measurement results. The logarithmic mode is permitted for average me&asuremgents
wheh the specification limits assume a logarithmic detector will be used.

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

The| radiated field measurement method above 1 GHz is baseéd on measurement of| the
maximum electric field emitted from the EUT, with a set-up as*shown in Figure 20.

Validated test volume (from site validation procedure)
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NOTE The anechoic material placed on the ground plane is for illustration purposes only. Consult CISPR 16-1-4
for more detailed guidance about placement of absorber to comply with the site validation requirements.

Figure 20 — Measurement method above 1 GHz, receive antenna
in vertical polarization

The following descriptions apply to the parameters and terms given in Figure 20.

e Validated test volume: the volume evaluated during the site validation procedure (see
CISPR 16-1-4). Typically, this determines the largest diameter EUT that can be tested in
the facility.

e EUT (volume): the smallest diameter cylinder that will fully encompass all portions of the
actual EUT, including cable racks and a minimum length of 30 cm of cables. The EUT that
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shown in Table 4 are calculated from Equation (13) baséd on testing at the mini
permitted measurement distance of 1 m specified in 7.6.2;yand the values of 83 4g(min) Sh
The|selection of measurement distance d and antenfia type shall be made such tLat

Table 4 specifies the minimum acceptable dimension of w (wyin)- The minimum requiremfnts
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is located within this cylinder shall be capable of rotating about its centre (typically by a
remotely controlled turntable). The EUT shall be located within the validated test volume.
A maximum of 30 cm of w (see definition of w below) may be below the height of
absorbers on the floor only when the EUT is floor-standing and cannot be raised above the
height of the absorbers (see 7.6.3).

03 gg- Minimum 3 dB beamwidth of the receive antenna at each frequency of interest. 05 4g
is the minimum of both the E-plane and H-plane values at each frequency. 0 ;4 may be
obtained from manufacturer-provided data for the receive antenna.

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

w: The dimension of the line tangent to the EUT formed by 6, 45 at the measurement
distance d. Equation (15) shall be used to calculate w for each actual antenpa |[and
measurement distance used. The values of w shall be included in the test report. [This
¢alculation may be based on the manufacturer-provided receive-antenna‘“-beamwidth
g$pecifications:

w=2dtan(0,5 6034z ) (13)

w shall be of the minimum dimension as specified in Table 4.
h: Height of the receive antenna, measured from its reference point to the floor.

um
wn.
is

equdal to or greater than the values shown in Table 4 at any frequency where the field is
megsured. At frequencies not shown in Table 4, the limit of w,;, shall be linearly interpolated
between the nearest two frequencies listed. Table 5 gives example values of w calculpted
using Equation (13) for three antenna types, at measurement distances of 1 m, 3 m,|and

10 m.

The| maximum emission is measureddy moving the receive antenna in height along [with
rotafion of the EUT in azimuth (0% to 360°). The required range of height investigatign is

specified below and illustrated in Figure 21 for two typical categories of EUTs.

Table 4 — Minimum dimension of w (w,i,)

Frequency 0, dB, min Wmin
GHz m
1,00 60 1,15
2,00 35 0,63
4,00 35 0,63
6,00 27 0,48
8,00 25 0,44
10,00 25 0,44
12,00 25 0,44
14,00 25 0,44
16,00 5 0,09
18,00 5 0,09

The dimension, w, is permitted to be larger than the minimum shown, and other antennas and distances may
be used to satisfy the minimum required value of w = wyjn shown, provided that Equation (13) is met.

Because both polarizations are required to be measured for each height of the receive antenna, w forms a
minimum square observation area equal to w2 (m2).

In some cases, w may encompass multiple physical components of the EUT that are physically separated. For
example, multiple separate cabinets of a multi-cabinet system that are tested simultaneously.



https://iecnorm.com/api/?name=9ab2d03712fe0c058102dfdce19f6561

CISPR 16-2-3:2016 © IEC 2016 - 59 —

d) The height scan requirement depends on w such that it may be advantageous to maximize w by selection of a
wider beamwidth antenna and a larger measurement distance than the minimum requirements shown.

e) The pattern and beamwidth of the antenna used can affect the measurement result. The antenna has at least
two influence factors in addition to uncertainty in the antenna factor: 1) ripple or other anomalies in the
antenna pattern, and 2) beamwidth differences between antennas, which may give different results depending
on how many (constructive) emissions emanating from separate physical locations on the EUT fall within the
antenna beamwidth.

Table 5 — Example values of w for three antenna types

Frequency DRG horn LPDA or LPDA-V 2
GHz g d=1m | d=3m [d=10m g d=1m | d=3m |d=10m
3dB 3dB
o w w w o w w w
m m m m m m
1,00 60 1,15 3,46 11,55 60 1,15 3,46 ™,55
2,00 35 0,63 1,89 6,31 55 1,04 3,12 10,41
4,00 35 0,63 1,89 6,31 55 1,04 3312 10,41
6,00 27 0,48 1,44 4,80 55 1,04 3,12 10,41
8,00 25 0,44 1,33 4,43 50 0,93 2,80 9,33
10,00 25 0,44 1,33 4,43 50 0793 2,80 9,33
12,00 25 0,44 1,33 4,43 50 0,93 2,80 9,33
14,00 25 0,44 1,33 4,43 45 0,83 2,49 8,28
16,00 5 0,09 0,26 0,87 40 0,73 2,18 7,28
18,00 5 0,09 0,26 0,87 40 0,73 2,18 7,28
a8 LPDA-V: V-type log periodic dipole array. The)values shown for 03 4g and w are typical of
both the LPDA and LPDA-V. However, these antennas typically have different gains.

Reference point

of antenna
‘ v
Referenice point { >I
of antenna ) I —— l[
I ‘ 1_\1]1

| R S
i I o I Range )f

! i T

. EUT =

_] =~ hmin

Turntable Absorbers JEC Turntable Absorbers IEC
a) w encompasses EUT height b) w does not encompass EUT height
(fixed-height measurement) (height scan required)
Figure 21 — lllustration of height scan requirements for two different categories of EUTs

For any EUT with maximum dimensions equal to or smaller than w, the centre of the receive
antenna shall be fixed at the height of the centre of the EUT (Figure 21 a)). For any EUT with
a maximum vertical dimension larger than w, the centre of the antenna shall be scanned
vertically along the line parallel to w, as shown in Figure 21 b). The required scanning range
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for 7 is 1 m to 4 m. If the EUT height is less than 4 m, scanning the centre of the receive
antenna to heights above the top of the EUT is not required. In both cases the fixed height, #,
or the range of heights investigated shall be recorded in the test report.

When a height scan is required per the above paragraph, a continuous height scan within the
required height range is recommended, to obtain the final, maximum emission. If stepped
height increments are used, caution is advised to ensure that the height increments are
sufficiently small in order to capture the maximum emission.

Regarding the horizontal extent of w, the EUT is not required to be fully within w. In cases
whe AH is ha - UF—shsa centred—horizonta o

medsurement axis, and rotation of the EUT provides the necessary horizontal scan-fan the
detgrmination of the maximum field strength. Horizontal-line (sideways, transverse)-scanhing
by moving the receive antenna horizontally off the measurement axis is not required;y but may
be ysed if specified in a product standard.

e RS = a+tA H-ge A - S S eRHea—~nAo Sa San the

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

For fany EUT, the frequencies of emission should first be detected by a preliminary emisfsion
maxjimization procedure (see 7.6.6.2.3). Then the final emisSion test is performed [see
7.6.6.2.4). Both of these measurements are to be made- preferably at the specific [limit
distance. If, for any justified reason, the final measurementés performed at a distance other than
the |limit distance, a measurement at the limit distance should be made first, to help in
intefpreting the resulting data.

In performing these measurements, the sensitjvity: of the measurement equipment relatiVe to
the |limit shall be determined before the test” If the overall measurement sensitivity is
inadequate, low-noise amplifiers, closer measdrement distances or higher-gain antennas may
be ysed. If closer measurement distances or higher gain antennas are used, the beam width
vergus size of the EUT shall be accodnted for. Also, measurement system overload lgvels
shal| be determined to be adequate when preamplifiers are used.

Burn-out and saturation protection for the measuring instrumentation is required when [ow-
level emissions are to be measured in the presence of a high level signal. A combinatign of
band-pass, band-stop, low*pass and high-pass filters may be used. However, the inseftion
loss| of these or any other devices at the frequencies of measurement shall be known|and
included in any calcutations in the report of measurements.

NOTE A simple method of determining whether non-linear effects (overload, saturation, etc.) occur, consigts of
inserfing a 10 dB{attenuator at the input of the measurement instrument (ahead of any pre-amplifier if one is fised)
and perifying that*the amplitude of all the harmonics of the high-amplitude signal (that may cause non-linear
effects) is reduced by 10 dB.

7.6.6.2.2 Conditional testing procedure

If the highest internal frequency of the EUT (see 3.1.27) is less than 108 MHz, emissions shall
be measured at least up to 1 GHz.

If the highest internal frequency of the EUT is between 108 MHz and 500 MHz, emissions
shall be measured at least up to 2 GHz.

If the highest internal frequency of the EUT is between 500 MHz and 1 GHz, emissions shall
be measured at least up to 5 GHz.

If the highest internal frequency of the EUT is above 1 GHz, emissions shall be measured up
to the lower of 5 times the highest internal frequency or the highest frequency at which the
limits are defined.
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7.6.6.2.3 Preliminary measurement procedure

The procedures of this subclause are for informative purposes — normative measurement
requirements are listed in 7.6.6.2.4. The maximum radiated disturbance for a given mode of
operation may be found during a preliminary test. To minimize measurement time, it is
suggested to first perform measurements using peak detection, and then compare the test
results to the average limit. Subsequent measurements with the average detector and
comparison of results to the average limit will only be performed in those frequency ranges
where the average limit was exceeded by data collected with peak detection.

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

a) Use scan or sweep mode over the complete frequency range of the antenna using-peak
jetection and maximum-hold mode.

b) DPetermine the proper sweep or scan time to ensure adequate signal interception.

¢) |f necessary, during preliminary tests, reduce the resolution bandwidth in)sweep mode to
educe the displayed noise level of the measuring receiver. Note that this' may reducq the
hmplitude of broadband disturbance, so additional investigations to determine whethef the
jisturbance is broadband or narrowband may be necessary.

d) Rotate the EUT continuously or in increments of 15° or less, then repeat for the gther
bolarization. The EUT should be rotated 360° in azimuth for both polarization$ to
jetermine the maximum disturbance at each frequency ofinterest.

e) For continuous turntable rotation mode, set the measuring receiver sweep time such|that
the selected frequency span can be swept within a time that is equal to or less than the
{ime needed for the turntable to rotate 15°. If the'rotational speed of the turntable is g$uch
that an angle larger than 15° is covered during a complete sweep or scan of| the
measuring receiver, a smaller frequency range should be used to reduce measyring
eceiver sweep time and to achieve the maximum 15° turntable rotation per sweep.

f) As needed to identify the frequencies eorresponding to the maximum disturbance, apply
{he method described above for all the ‘height levels required by 7.6.6.1 (and Figure|21),
hnd for the various operating modegof the EUT.

g) To further evaluate the frequepncies found in steps a) to d), use a small frequency gpan
typically 5 MHz or less) and, investigate around frequencies near the limit using additipnal
smaller turntable increments and height steps. Typically, all frequencies wjthin
hpproximately 10 dB of‘the specification limit warrant further investigation with a nafrow
frequency span and additional finer rotation/height increments.

7.6.6.2.4 Final measurement procedure

Thelfield strengthremitted by the EUT at the given measurement distance is measured using
the gonfiguration (antenna height, EUT azimuth, etc.) producing the maximum disturbance, as
identified during the preliminary disturbance maximization. Final measurements shall be done
using the  EUT operational mode identified by preliminary measurements to have the highest
disttrrbance.

This final measurement shall be the result of a maximum hold on the measuring receiver
during a given time proportional to the frequency span used. This given time should be
defined for each product or product family, taking into account the duration of the operating
modes and the time constants associated with each specific product to be tested. Final
measurements shall be performed using all required detectors. Alternatively, peak
measurement results may be used to demonstrate compliance with all specified limits.

If the configuration of the EUT (antenna height, EUT azimuth, operation mode, etc.) producing
the maximum disturbance was not conclusively determined by a preliminary measurement the
following additional measurements shall be done:

a) for any EUT with maximum dimension equal to or smaller than w, the centre of the
receiving antenna shall be fixed at the height of the centre of the EUT (see Figure 21a));
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b) for any EUT with maximum vertical dimension larger than w, height scanning shall be
performed in accordance with the height scan requirements (upper and lower bounds)
specified in 7.6.6.1;

c) in all cases, in order to find the maximum disturbance, the EUT shall be rotated in azimuth
through all angles in the range of 0° to 360°, and the measurements shall be performed
for both horizontal and vertical polarizations.

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

The maximum disturbance shall be recorded from the following required investigations, some
of whi j et :

1) the EUT shall be rotated in azimuth through all angles from 0° to 360° either by a-turntpble
or movement of the receive antenna around the volume;

If a preliminary measurement was performed with azimuth steps of 1° < a< 15°, the final
easurement shall include an azimuth search continuous through all angles of at leagt a
around the azimuth angle found in the preliminary measurement, where « is the azimuth
angle.

2) the receive antenna shall be height-scanned if the EUT height\is” larger than w in| the

ertical direction;
3) both horizontal and vertical polarizations shall be investigated:

7.6.6.3 Measurements using APD (statistical) function
7.6.6.3.1 General

The| measurement of the amplitude probability=distribution (APD) of a disturbance signal
profides a statistical characterization of thei:disturbance signal in question. Backgrqund
material on the application of the APDBR*measuring function is provided in 4.7 of
CISPR TR 16-3:2014 [2]. A product committee may choose the APD measurement as| the
method to be used for final emission testing. The APD measurement shall be made at those
frequencies where the EUT generates’ high disturbance field strengths. The number |and
selection method of frequencies shall'be established by a product committee.

The| APD measurement shall(be made using one of the following two methods. The |first
method is for measurement of the disturbance level E o, in dB(uV/m) related to the specjfied
prohability of time pj;,ix designated as Method 1 (see 7.6.6.3.2). The second method ig the
megsurement of the probability of time p,,.,5 during which the disturbance envelope exc¢eds
a specified level &= in dB(uV/m), designated as Method 2 (see 7.6.6.3.3). Additipnal
information and «figures are given in Annex D to show the specifics of the two APD
measurementmethods.

If a [produ€t'committee decides to use the APD approach, either Method 1 or Method 2 $hall
be selected. If the APD measuring instrument does not include an A/D converter, only
Method”2 shall be used. If the APD measuring instrument includes an A/D converter, elther
Method 1 or Method 2 may be used.

The number of pairs of limits (Ej;it» 2imit) @nd their values shall be specified by the product
committee. The product committee shall also decide whether to also use a peak limit together
with the APD limits.

7.6.6.3.2 Method 1 — Measurement of the level of disturbance
The measurement shall be performed using the following procedure.

1) Set the resolution bandwidth (RBW) and the video bandwidth (VBW) of the spectrum
analyzer according to CISPR 16-1-1 (for measurements above 1 GHz).
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2)

3)
4)
5)

6)

8)

9)

7.6.

The|measurement shall be performed using the following procedure.

Find the frequencies at which high disturbances are observed. This can be accomplished
by using the maximum hold function in the frequency span of interest. Peak detection shall
be used when applying this procedure.

NOTE In cases where narrowband emissions are hidden by broadband emissions, the maximum hold mode in
combination with the peak detector may overlook narrowband emissions. Therefore, an additional
measurement may be needed to find the frequencies of the narrowband emissions to be measured. The
product committee may require additional sweeps using the average detector or digital video averaging.
Furthermore, the number of frequencies for the APD measurement may also be specified by the product
committee.

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

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

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

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

In case of fluctuating disturbance frequencies, the product committee shall specify| the
requency range XX (in MHz) in which the APDs of the disturbance shall be measdred.
PDs within the range XX MHz shall be measured with a\1 MHz frequency step sgize.
owever, for frequency ranges with APD measurement values that are greater than -6 dB
rom the APD limit, additional measurements may be needed with a smaller frequgncy
tep size (e.g. 0,5 MHz). The product committee shallydefine the smaller frequency gtep
ize.

H—tlh-

Change the centre frequency of the spectrum afalyzer to the next frequency determingd in
gtep 2), then repeat the procedures of stepsi4) to 6) until the APD measurements fgr all
frequencies are carried out.

Read the disturbance level E ¢ in dB{LV/m) related to the specified probability pj; it from
the results of step 6).
Compare E ¢, dB(uV/m) against the limit £,y dB(uV/m). The EUT complies if E ks is

less than or equal to Ej;,,;; at allfrequencies.

5.3.3 Method 2 — Measurement of the probability of time

Steps 1), 2), 3), 4),~58) and 7) of Method 2 are the same as the corresponding stepjs of

Method 1 (7.6.6.3.2)-

For

6)

8)

9)

Method 2,)modify step 6), step 8), and step 9) of Method 1 as follows:

$et the spectrum analyzer to the zero frequency span mode and measure the APQ (or
measure the probability p.,.,s related to the specified levels directly) of the disturbance
during the measurement time that is to be specified by the product committee.

Read the probabilities p,¢,5 during which the disturbance envelope exceeds a specified
level E)j,it in dB(nV/m) from the results of step 6).

Compare p .45 @gainst the limits pj;.;.- The EUT complies if p ., iS less than or equal to
Plimit at all frequencies.

7.6.7 Measurement uncertainty for FAR

General and basic considerations about uncertainties of emission measurements are given in
CISPR 16-4-1.
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7.7 In situ measurements (9 kHz to 18 GHz)
7.71 Applicability of and preparation for in situ measurements

In situ measurements may be necessary for the investigation of an interference problem at a
particular location, i.e. where electrical equipment is suspected of causing interference to
radio reception in its vicinity. Where allowed by the relevant product standard, in situ
measurements may be made for the evaluation of compliance, if it is not possible for technical
reasons to make radiated emission measurements on a standard test site. Technical reasons
for in situ measurements are excessive size and/or weight of the EUT or situations where the
interconnection to the infrastructure for the EUT is too expensive for the measurement on
Star‘ S ”’ "- easutremen EStTtS—0 at C V1O€ wat LASARRAL= vi’v;’ rom
siteqto-site or from results obtained on a standard test site and can therefore not be used for
type testing.

NOTE In general, however, due to imperfections such as mutual coupling between the conductive strugtures
present in the in situ environment, which may also be more or less corrupted by ambient eléctromagnetic flelds,
and fhe measuring antenna/equipment under test, in situ measurements cannot fully replace measurements|on a
suitaple test site (open-area test site or alternative test site, for example (semi-) anechoic,chamber) as specifled in
CISPR 16-1-4.

The|EUT usually consists of one or more devices and/or systems, is part of an installationf, or
is interconnected with an installation. A perimeter connecting the\ outer parts of the EUT is
usually taken as the reference point to determine the measurefment distance. In some product
standards, the exterior walls or boundaries of business parks,or industrial areas are takeh as
the reference points.

Preljminary measurements shall be made to identify the frequency and amplitude of| the
disturbance field strengths amongst the ambient signals taking into account the poteptial
soufces of interference (for example, oscillators)\in the EUT. For these measurements theluse
of al spectrum analyzer is recommended in place of a receiver because a large frequéncy
spe¢trum can be analysed. For the identification of the frequency and amplitude of| the
disturbance signals the use of a current.probe on the connected cables, or near-field prgobes
or the measurement antennas placed-.closer to the EUT, is recommended.

Medsurements shall also be madé-on selected frequencies to determine, where possible| the
modes of operation in whichcthe EUT generates the highest disturbance field strengths.
The|subsequent measurements shall be made with the EUT in these modes of operation.

Whegre the EUT is a_piece of equipment for which the operating mode cannot be swit¢hed
independently of the\operation of other equipment, the selection of conditions producing the
highest disturbances may be infeasible. For some equipment and operating modes, these
conditions may,be dependent on time, particularly if operations are cyclic. In such cases] the
peripd of obsérvation should be chosen to approach the conditions producing the highest
disturbances:

Measurements shall be made around the EUT at approximately the same measurement
distance on each of the selected frequencies to determine the direction of the highest
disturbance field strength. The EUT should be tested in at least three different directions. The
final disturbance field-strength measurements on each frequency shall be made in the
directions of the highest disturbance field strengths, which may vary from frequency to
frequency, taking into account the local (ambient) conditions. The highest disturbance field
strengths shall be measured with the antenna in vertical and horizontal polarization. If the
ratio of the measured disturbance field strength to any ambient emission is lower than 6 dB,
the measurement methods described in Annex A can be used.
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7.7.2 Field-strength measurements in situ in the frequency range 9 kHz to 30 MHz
7.7.21 Measurement method

The magnetic disturbance field strength shall be measured in the direction of maximum
radiation with the EUT in the mode of operation generating the highest disturbance field
strength.

The horizontally-polarized disturbance field strength shall be measured at the standard
measurement distance d;,;; using a loop antenna as described in 4.3.2 of CISPR 16-1-4:2010
at a height of 1 m (between the ground and lowest part of the antenna). The maximum
distfirbance field strengih shall be determined by rotafing the antenna.

For the measurement of the maximum disturbance field strength along radial lines_arfanged in
any | direction, the antenna should be oriented in three orthogonal directipns, and| the
measured field strength is calculated by

Eqm =y E2 +E2 + E2

In cases where limits are given for the E-field equivalent but themeasured field strengthg are
the magnetic components, the H field strength can be converted'to the corresponding E field
strepgth using the free space impedance of 377 Q by multiplying the H field reading by B77.
The|H field in this case is given by

Hoy = HZ + H? + H?

Thig H field value can be used directly .inccases where limits are directly given for| the
magnetic field strength.

If the antenna cannot be oriented in-three orthogonal directions, it can be turned by harld in
the |direction of maximum reading.for the measurement of the maximum disturbance field
strength.

7.7.2.2 Measurement.distances other than the standard distance

If it|is not possible toyadhere to the standard distance d);,,;;, as specified in the produgt or
generic standard, the measurements should be made at distances either less or greater fhan
the [standard measuring distance in the direction of the maximum radiation. At least three
megsurements/at different measuring distances less or greater than the standard measyring
distance shall)be used, if it is not possible to use the standard distance.

The| megasurement results (in decibels) shall be plotted as a function of the measurement
distadnee—on—alogarithmic-scate—Onetine—shaltbe—drawntejoinup-themeasurementresults.
This line represents the decrease in the field strength and can be used to determine the
disturbance field strength at distances other than the measurement distance, for example, at
the standard distance.

7.7.3 Field-strength measurements in situ in the frequency range above 30 MHz
7.7.31 Measurement method

The disturbance electric field strength shall be measured in the direction of maximum
radiation at the standard distance with the EUT in the mode of operation generating the
highest disturbance field strength. The maximum horizontally- and vertically-polarized
disturbance field strengths shall be measured using broadband antennas with, as far as
practicable, a variable height of 1 m to 4 m. The highest value shall be taken as the measured
value.
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It is recommended that biconical antennas be used for measurements in the frequency
range up to 200 MHz, and log-periodic antennas for measurements in the frequency range
above 200 MHz. The distance between the measuring antenna and any nearby metallic
elements (including cables) should be greater than 2 m.

7.7.3.2 Measurement distances other than the standard distance

The standard measurement distance d;q is specified in the product or generic standard. If it is
not possible to adhere to the standard measurement distance, the disturbance field strength
shall be measured in different measuring distances as described in 7.7.2.2. A height scan of
the antenna shall be used for each measurement The disturbance field strength at the
standard distance dg;4 shall be determined according to 7.7.2.2 by plotting the measured field
strength as a function of the measurement distance on a logarithmic scale.

If it s not possible to measure at varying distances, and the measurement distance refefs to

the puter wall of a building or the border of the premises, the measurementresults shall be
conyerted to the standard distance using Equation (14).
d
E g =FE eas +20 nlg—Te (14)
std
where
Egtq is the field strength at the standard distance in dB(uV/m) for comparison with

the emission limit;
Eneas is the field strength at the measurement distance in dB(nV/m);
dneas 18 the measurement distance in metres;
dgtq is the standard distance in metres.

The|factor » depends on the distance d,,535 as follows:

if 30 M <dpgae n=1;
if 10 m < dpeas < 30 My n=0,8;
if 3m < dyeas <10 1, n=06.

NOTE » <1 accommodates the difference between the measuring distance and the distance to the EUT.

Measurement distances closer than 3 m shall not be used.

If it is not pessible to measure at varying distances, and Equation (14) is not used becguse
the [measurement distance does not refer to the outer wall of a building or boundary of

premises; the field strength should be determined by measurement of the radipted
distirbance power (an 7.7 A)

7.7.4 In situ measurement of the disturbance effective radiated power using the
substitution method

7.7.41 General measurement condition

The substitution method can be used without additional conditions if, and only if, the EUT can
be switched off and if the EUT can be removed for the substitution.

If the EUT cannot be removed, and if its front face is a large plane surface, the effect of this
face on the substitution shall be accounted for (see Equation (14)). If the front surface of the
EUT does not fit into a two-dimensional plane in the measurement direction, the additional
measurement uncertainty is not considered.
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If the EUT cannot be switched off, it is still possible to use the substitution method to measure
the radiated power of a disturbance from the EUT at a particular frequency, by using a nearby
frequency at which the field strength of the disturbance from the EUT is at least 20 dB below
that of the frequency of interest (“nearby” means within one or two receiver |IF-bandwidths).
The frequency selected should, where possible, be chosen with regard to possible inter-
ference to radio services.

7.7.4.2 Frequency range of 30 MHz to 1 000 MHz

7.7.4.2.1 Measurement distance

The[measurement distance chosen shall be such that the measurement is made in thg far
field. This requirement is generally met, if:

e ¢ is greater than 1/(2n) and

o §>2D2/) (15)
whefe

d is the measurement distance in m;

D is the maximum dimension of the EUT with cabling in m;

: is the wavelength in m;

or iff measurement distance d is equal to or greater than 30 'm. In the far field, the expongnt n
in Eguation (14) may be assumed to be one (1). If a shorter measurement distance is chopen,
this |assumption can be validated by using the procedure of 7.7.3.2 to verify that the field
strength falls off inversely with distance. If the"local conditions require that a shorter
megsurement distance be chosen, this shall be indicated.

7.7.4.2.2 Measurement method

The| effective radiated disturbance power shall be measured in the direction of maxiphum
radigtion with the EUT in the mode 6f operation generating the highest disturbance field
strepgth. The measurement distanee shall be chosen according to 7.7.4.2.1 and the highest
disturbance field strength on the, selected frequency determined by varying the antenna hgight
at Idast in the range of 1 m to. 4 m as far as practicable.

For [measurement of the effective radiated disturbance power, the following steps a) tp g)
shall be used.

a) The EUT shall be disconnected and removed. A half-wave dipole or antenna with sirilar
adiation characteristics and known gain G, relative to a half-wave dipole is substitutgd in
ts placeIf it is impractical to remove the EUT, a half-wave or broadband dipole (in the
requency range lower than about 150 MHz to minimize mutual coupling to the EUT) is
ositioned in the vicinity of the EUT. The vicinity is a range up to 3 m.

b) The’half-wave (or broadband) dipole shall then be fed by a signal generator operating on
the same frequency.

c) The position and polarization of the half-wave dipole (or broadband antenna) shall be
such that the measuring receiver receives the highest field strength. If the EUT is not
removed, then, if possible, it shall be switched off and the dipole is moved in a range up to
3 m around the EUT.

d) The power of the signal generated shall be varied until the measuring receiver shows the
same reading as when the highest disturbance field strength from the EUT was measured.

e) If the EUT constitutes the front of a large plane surface (e.g. a building with a cable-TV
network), the substitution antenna (half-wave dipole) is positioned about 1 m in front of
the large plane surface (e.g. the front wall of a building). The location of the substitution
measurement shall be selected such that an imaginary line between the substitution
antenna and the measuring antenna is perpendicular to the direction of the face of the
building.
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f) The height, polarization and distance between the half-wave dipole (or broadband
antenna) and the plane surface shall be varied such that the receiver displays the highest
field-strength reading.

g) The power of the signal generator shall be varied as in d).
For removed EUTs, and EUTs that cannot be removed (see steps a) and c), respectively), the

power at the signal generator, P,, plus the gain of the transmit antenna relative to a half-wave
dipole, G, yields the effective radiated disturbance power, P, to be measured:

R =F+G (16)

For EUTs having a large plane surface (e.g. buildings with telecommunication networks)| the
increase in gain of the dipole positioned in front of this surface is given by:

R =F+G+4dB (17)
where

P, is in dB(pW);

Py is in dB(pW); and

G is in dB.

The| effective radiated disturbance power can be used to calculate the disturbance field
strepgth at the standard measurement distance dg4 The free-space field strength E¢ . $hall
be dalculated using the following equation:

ﬁ (18)

Efree =
d std

where

Efree IS in pVim;
P

dgtg  isinm.

is in pW and

r

\*2
o
=

If the calculated (free-space field strength of Equation (21) is compared with limit
disturbance field\strength measured at a standard test site, it shall be considered thaf the
amplitude field:strength measured at a standard test site is approximately 6 dB higher than
the free-space field strength of Equation (21), due to the reflections from the ground plpane.
Equption-(21) can be modified to take into account this difference. The disturbance field
strength‘at the standard distance E 4 can therefore be calculated, for the vertical polarizgtion
casg, using the following equation:

Egq =B —20lgdgq + 229 (19)

For horizontal polarization below 160 MHz the maximum field strength is not measured at
standard test sites. Therefore the 6 dB factor shall be corrected using the following equation,
for which Table 6 shows several calculated values:

Egq = B —201gdgq +16,9 + (6 —¢;) (20)

where

Egq  isin dB(pV/m);


https://iecnorm.com/api/?name=9ab2d03712fe0c058102dfdce19f6561

CISPR 16-2-3:2016 © IEC 2016 - 69 -

f is the measuring frequency;
dgtqg is in m; and
is the correction factor for horizontal polarization. This was determined
c assuming a radiation source at 1 m in height.

This method for determining the disturbance field strength can be used mainly when there are
obstacles between the measuring antenna and the EUT.

Table 6 — Horizontal polarization correction factors as a function of frequency

N{iz 30 40 50 60 70 90 100 | 120 | 140 [ 160 | 180 | 200 | 750 | 4.0d0

c‘jé 11 10,2 | 9,3 8,5 7,6 5,9 5,1 3.4 1,7 0 0 0 0 0

7.7.4.3 Frequency range of 1 GHz to 18 GHz
7.7.4.3.1 Measurement distance

The|measurement distance chosen shall be such that the measurément is made in thg far
field. The far-field condition shall be verified by measuring the‘radiated disturbance power
with| a double-ridged waveguide horn or log-periodic antennatas a function of distance.|The
reqyirement is met if the measurement distance is equak to, or greater than, the transjtion
distance. The transition distance is marked by the transijtion point that shall be determinef as
shown in Figure 22. The measurement results shall be plotted and two parallel lines
sepxrated by 5 dB drawn to enclose as many of the/measurement results; the transition pgoint
is the point where the lines intersect and after. which the radiated power decreasesg by
20 dB/decade.

Received
radiated
power (dB) Distance betwéen
A lines: 5 di Transition point

Distance between
lines: 5 dB

O
@)

Gradient:

/O dB/decade

Transition T

distance

'
Logarithm of the distance
IEC

Figure 22 — Determination of the transition distance

7.7.4.3.2 Measurement method

The radiated disturbance power shall be measured in the direction of maximum radiation with
the EUT in the mode of operation generating the highest disturbance field strength. A double-
ridged waveguide horn or log-periodic antenna shall be used to determine the direction of
maximum radiation. The measurement distance shall then be chosen according to 7.7.4.2.1
and the disturbance field strength on the selected frequency is measured. The antenna
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position shall be varied slightly to ensure that the measured field strength is not at a local
minimum (for example, due to reflections).

For measurement of the radiated disturbance power, the EUT shall be disconnected and a
double-ridged horn or log-periodic antenna positioned either in the immediate vicinity of the
EUT or in its place. The antenna shall then be fed by a signal generator operating at the same
frequency. The orientation of the antenna shall be such that the test receiver receives the
highest field strength. This antenna position shall be fixed. The power of the signal generated
shall be varied until the test receiver receives the same power as that generated by the EUT.
The power at the signal generator P, plus the gain G of the transmitting antenna relative to a
half-wave dipole yields the required radiated disturbance power P,:

R =P+G (21)
where

P, is in dB(pW);

Py is in dB(pW) and

G is in dB.

7.7.5 Documentation of the measurement results

The| particular circumstances and conditions of the Jjn “situ measurements shouldl be
doclimented to enable the operational conditions to be reproduced if the measurements| are
repgated. The documentation should include

— tleasons for the in situ measurement instead of\using a standard test site,
— description of the EUT,

— technical documentation,

— gcale drawings of the measurementssite, showing the points at which measurements were
made,

— description of the measured installation,

— details of all connections:between the measured installation and the EUT: technical fdata
nd details of their location/configuration,

escription of the operating conditions,

etails of the measuring equipment;

easuremenfiresults:
antepna polarization,;

méasured values: frequency, measured level and disturbance level;

NOTE The disturbance level is the level referred to the standard measuring distance.

e assessment of the degree of interference (if applicable).
7.7.6 Measurement uncertainty for in situ method

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

7.8 Substitution measurements (30 MHz to 18 GHz)
7.8.1 General

The substitution method is intended for measuring radio disturbance radiated from the
cabinet, including wiring and circuitry inside the cabinet, of an equipment under test. The EUT
may be either a self-contained unit with no port for any connection or have one or several
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ports for power and other external connections. For future product standards, product
committees are invited to use the field-strength measurement method described in 7.6 for
1 GHz to 18 GHz.

7.8.2 Test site

The test site shall be a level area. Indoor sites may be used, but may need special
arrangements, especially in the upper part of the frequency range, in order to meet the
requirements of stable and non-critical reflections from the surroundings, for example, a
corner reflector added to the measuring antenna and an absorbing wall behind the EUT. The
suitability of the site shall be determined as follows.

Two
parg
spa
dipo
tog

level. The site shall be considered suitable for the purpose of measurement at the

freq
dipo
freq

llel to each other, at the same height 4, with height not less than 1 m above thefloor
ed at the measurement distance d. Dipole B shall be connected to a signal generator
le A connected to the input of the measuring receiver. The signal generater.shall be t{
ve maximum indication on the measuring receiver and its output adjusted'to a conver

bency if the indication on the measuring receiver does not vary more than 1,5 dB w
le B is moved 100 mm in any direction. The test shall be repeated throughout
Liency range at frequency intervals small enough to ensure that-the site is satisfactor

pol
posi

7.8.

The
the

ante
rela

a hglf-wave dipole. Its actual sensitivity-will be included in the substitution calibration of

test

antgnnas are recommended.

all ZI:easurements intended. If an EUT requires that measuremenis also be made with ver

rization (see 7.8.4), the suitability test of the site shall be -repeated with the two dip
ioned for vertical polarization.

i Test antennas

test antennas A and B of Figure 23 have been described above as half-wave dipoles|
frequency range below 1 GHz, this requirement applies primarily to the transmi
nna B for which the radiated power_if’the direction of maximum radiation shal
able to the power at the terminals of ahtenna B. The measuring antenna A should als

configuration. In the frequency~range of 1 GHz to 18 GHz linearly-polarized

Device under test e -

/ Dipole A

Geometric cenfre >_< 'd:l A |
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s
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horizontal half-wavelength dipoles, designated A and B (see also 7.8.3), shall be_placed
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b) Calibration

Figure 23 — Substitution method set-up geometries for: a) measurement, b) calibration
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7.8.4 EUT configuration

The EUT shall be placed on a non-conducting table with provision to rotate in the horizontal
plane (azimuth). The EUT shall be configured so that the geometric centre of the EUT
coincides with the point earlier used as the centre point for dipole B (see Figure 23). If the
EUT consists of more than one unit, each unit shall be measured separately. Detachable
leads to the EUT should be removed if operation is not affected adversely. Required leads
shall be provided with absorbing ferrite rings and be so positioned that they will not influence
the measurements. For shielded EUTs, all connectors not used shall be terminated by
shielded terminations.

7.8.6 Test procedure

With the EUT arranged as described in 7.8.4, the horizontally polarized measuring/dipole A
shall be placed in the same position as when checking the test site. The dipole shall be
normal to a vertical plane through its centre and that of the EUT. The EUT is first'measured in
its normal table-standing position and secondly when tilted 90° to stand on_a'nermally vertical
side|. In each position it shall be rotated 360° in the horizontal plane. The highest reading $hall
be the characteristic value for the EUT.

The| measuring system is calibrated by replacing the EUT with{a~half-wave dipole B.|The
cenfre of this calibrating dipole B shall be placed in the same spot as the geometric centfe of
the |previously measured EUT and parallel with the measurement antenna A, and be
conmected to a signal generator. The radiated power from the-cabinet of the EUT is defined as
the power at the terminals of the half-wave dipole B whef)the signal generator is adjustdd to
give| the same reading on the measuring receiver{as the maximum reading recofded
earller (Y), at each frequency of measurement.

Whgn measurements are made with both horizontally and vertically polarized measyring
dipoles, separate calibrations shall be made-for the two modes.

7.8.6 Measurement uncertainty forrsubstitution method

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

7.9 [ Reverberation chamber measurements (80 MHz to 18 GHz)

Radjated emission measurements may be performed in reverberation chambers using| the
methods specified (in1EC 61000-4-21 [8]. Conditions for the use of alternative test methods
are given in CISRR 16-4-5. General and basic considerations about uncertainties of emisjsion
megsurements)are given in CISPR 16-4-1.

7.10 TEM waveguide measurements (30 MHz to 18 GHz)

Radjated emission measurements may be performed in TEM waveguides using the methods
specified in IEC 61000-4-20. Conditions for the use of alternative test methods are given in
CISPR 16-4-5. General and basic considerations about uncertainties of emission
measurements are given in CISPR 16-4-1.

8 Automated measurement of emissions

8.1 Introduction — Precautions for automated measurements

Much of the tedium of making repeated EMI measurements can be removed by automation.
Operator errors in reading and recording measurement values are minimized. By using a
computer to collect data, however, new forms of error can be introduced that may have been
detected by an operator. Automated testing can lead, in some situations, to greater
measurement uncertainty in the collected data than manual measurements performed by a
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skilled operator. Fundamentally, there is no difference in the accuracy with which an emission
value is measured whether manually or under software control. In both cases, the
measurement uncertainty is based on the accuracy specifications of the equipment used in
the test set-up. Difficulties may arise, however, when the present measurement situation is
different from the scenarios the software was configured for.

For example, an EUT emission adjacent in frequency to a high level ambient signal may not
be measured accurately, if the ambient signal is present during the time of the automated
test. A knowledgeable tester, however, is more likely to distinguish between the actual
interference and the ambient signal; therefore the method for measuring the EUT emission
can be adapted as required. However, valuable test time can be saved by performing ambient
scans prior to the actual emission measurement with the EUT turned off to record amiient
signjals present on the OATS. In this case the software may be able to warn the operator of
the |potential presence of ambient signals at certain frequencies by applying _appropriate
signjal identification algorithms. Operator interaction is recommended if the EUT\&missiqn is
slowly varying, if the EUT emission has a low on-off cycle or when transient.ambient signals
(e.g} arc welding transients) may occur.

8.2 | Generic measurement procedure

Signals need to be intercepted by the EMI receiver before they- can be maximized |and
megsured. The use of the quasi-peak detector during the emission maximization process for
all ffequencies in the spectrum of interest leads to excessive-test times (see 6.6.2). T|me-
consuming processes like antenna height scans are not required for each emission frequejncy.
Thege should be limited to frequencies at which the measured peak amplitude of the emission
is apove or near the emission limit. Therefore, only<{the emissions at critical frequencies
whose amplitudes are close to or exceed the limit\will be maximized and measured. |The
genegric process depicted in Figure 24 will yield areduction in measurement time.

Signal detection (prescan)

I

Data reduction

Emission maximization
and final measurement

I

Post processing
and reporting

IEC

Figure 24 — Process to give reduction of measurement time

8.3 Pre-scan measurements
8.3.1 General

This initial step in the overall measurement procedure serves multiple purposes. Pre-scan
places the least number of restrictions and requirements upon the test system since its main
purpose is to gather a minimal amount of information upon which the parameters of additional
testing or scanning will be based. This measurement mode can be used to test a new product,
where the familiarity with its emission spectrum is very low. In general, pre-scan is a data
acquisition procedure used to determine where in the frequency range of interest, significant
signals are located. Depending on the goal of this measurement, antenna tower and turntable
movement may be necessary (for the radiated emission test) as well as improved frequency
accuracy (e.g. for further processing on an OATS) and data reduction through amplitude
comparison. These factors define the measurement sequence during the execution of
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pre-scan. In any case, the results will be stored in a signal list for further processing. When a
pre-scan measurement is made to quickly obtain information on the unknown emission

spe

ctrum of an EUT, frequency scanning can be performed by applying the considerations

of 6.6.

8.3.2 Determination of the required measurement time

If the emission spectrum and especially the maximum pulse repetition interval T, of the EUT

are

not known, they shall be investigated to assure the measurement time 7T, is not shorter

than 7,. The intermittent character of the emission of an EUT is especially relevant for critical
peaks of the emission spectrum. First it should be determined at which frequencies the
ampllitude of the emission is not steady. This can be done by comparing the maximum-hold
with| a minimum-hold or clear/write function of the measuring equipment or software; [and
obsérving the emission for a period of 15 s. During this period no change in the setiyp shpuld

be
no

ade (no change of lead in case of conducted emission, no movement of absorbing clamp,
ovement of turntable or antenna in case of radiated emission). SignalsCwith e.g. more

than 2 dB difference between the maximum-hold result and minimum-hold_result are mafked

asi

termittent signals. (Care should be taken not to mark noise as intermittent signals.)

In case of radiated emission, the polarization of the antenna is changed’and the measurement

isr

peated, to reduce the risk that certain intermittent peaks are-not found because they

remain below noise level. From each intermittent signal the pulse repetition period T, caph be
measured, by applying zero-span or using an oscilloscope connected to the IF-output of the
measurement receiver. The correct measurement time cancalso be determined by increasinpg it

unti

| the difference between maximum-hold and clear/writé)displays is below e.g. 2 dB. Dyring

further measurements (maximization and final measurément), it shall be assured for each|part

of t

repstition period 7p,.

8.3.3 Pre-scan requirements for different'types of measurements

e frequency range that the measuring time Tp)'is not smaller than the applicable pulse

The| type of measurement determinesithe definition of a pre-scan measurement in| the

follgwing way.

fFor radiated emissions in the frequency range from 9 kHz to 30 MHz, e.g. per CISPR 11
[[11, both the loop antenna and the EUT need to be rotated to find the maximum field
strength while the receiver is scanning the emission spectrum. In the frequency rgnge
from 30 MHz to 1000-MHz, the antenna height may be preset to fixed heights given in
Table 7, based oenmeasurement distance, frequency range and polarization. |The
ecessary pre-scan measurements shall be made for a sufficient number of EUT
zimuths. For quick overview measurements this will yield an indication of the radipted
mission amplitudes as a starting point for final maximization. If a more detailed
etermination of the worst-case antenna height, polarization and EUT azimuth is des|red,
he applicable standard should be used to determine the appropriate maximizgtion
rocedure.

[In°\thé frequency range above 1 GHz, the antenna needs to be positioned in horizontal|and
vertical polarization and the EUT rotated to find the maximum field strength while the
emission spectrum is scanned. For details of the test procedure, see 7.6.6.1.
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Table 7 — Recommended antenna heights to guarantee signal interception
(for pre-scan) in the frequency range 30 MHz to 1 000 MHz

. s Recommended antenna
Measurement distance Polarization Frequency range heights for each
frequency range
(minimum / maximum)
. "
30 to 100 2,5
h 100 to 250 1/2
250 to 1 000 1/1,5
3 30 to 100 1
v 100 to 250 1/2
250 to 1 000 171572
30 to 100 4
100 to 200 2,5/4
n 200 to 400 1,56/2,5/4
400 to 1 000 1/1,5/2,5
10 30 to 200 1
200 to 300 1/3,5
Y 300 to 600 1/2/3,5
600 to 1000 1/15/2/3,5
30¢to 300 4
h 300 to 500 25/4
500 to 1 000 1,56/25/4
30 30 to 500 1
v 500 to 800 1/3,5
800 to 1 000 1/2,5/3,5
a) The recommended antenna heights, were derived for source phase-centre heights of between 0,8 m
and 2,0 m for maximum errors of 3 dB (which is good for a pre-scan only). If the range of phase
centre heights is reduced, the-hUmber of receive antenna heights may be reduced. If radiation pattern|
lobes exist (distinct peaks-'and nulls), e.g. in the upper frequency ranges, more antenna heights mayj
be needed.
b) For very large EUTs,ve.g. telecom systems, the receiving antenna may need to be positioned in|
several vertical andhorizontal positions, depending on the antenna beam width.
8.4 | Data reduction
The| second.step in the overall measurement procedure is used to reduce the numbgr of
signjals (collected during pre-scan and is thus aimed at further reduction of the ovgrall
meagsurfement time. These processes can accomplish various tasks, e.g. determinatioh of
signmcant signals In the spectrum, discrimination between ambient or auxiliary equment

signals and EUT emissions, comparison of signals to limit lines, and data reduction based on
user-definable rules. Another example of data-reduction methods involving the sequential use
of different detectors and amplitude versus limit comparisons is given by the decision tree in
Annex C of CISPR 16-2-1:2014. Data reduction may be performed fully automated or
interactively, involving software tools or manual operator interaction. It need not be a separate
section of the automated test, i.e. it may be part of a pre-scan.

In certain frequency ranges, especially the FM band, an acoustic ambient discrimination is
very effective. This requires signals to be demodulated to be able to listen to their modulation
content. If an output list of pre-scan contains a large number of signals and acoustic
discrimination is needed, it can be a rather lengthy process. However, if the frequency ranges
for tuning and listening can be specified, only signals within these ranges will be
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demodulated. The results of the data reduction process are stored in a separate signal list for
further processing.

8.5 Emission maximization and final measurement

During the final test the emissions are maximized to determine their highest level. After the
maximization of the signals, the emission amplitude is measured using quasi-peak detection
and/or average detection, allowing for the appropriate measurement time (at least 15 s if the
reading shows fluctuations close to the limit).

the

e in the frequency range from 9 kHz to 30 MHz — maximization of the indicated Tevegl by
ariation of the EUT azimuth angle and the azimuth angle of the (vertical) plane ofl the
lbop antenna (e.g. tests for CISPR 11 [1]);

e in the frequency range from 30 MHz to 1 000 MHz — maximization of the-indicated levgl by
ariation of height and polarization of the measurement antenna as well as variation of the
EUT azimuth;

o ﬂ‘r the frequency range above 1 GHz — maximization of the indicated level by variatign of

he antenna polarization and variation of the EUT azimuth and, if the EUT surface is wider
han the antenna beam, by moving the antenna along the . EUT surface.

Befqre the actual maximization sequence can be executed, the worst-case EUT set-up $hall
be determined to ensure the detection of maximum<{emission amplitudes. The procesks of
findjjng the EUT and cable configuration that yields\the worst case emissions is primar|ly a
manual operation. This can be done using a scanning receiver with a graphical display of the
emigsion spectrum and signal maximum-hold\y-capability for observing the changes$ in
amplitudes as cable and equipment layeuts are manipulated. The automated final
megsurement of emissions should begin afterthe worst case EUT operating mode and lalyout
has |been configured.

The|measurement of a particular radiated emission includes a maximization process involving
the Jrotation of the EUT, scanning the receive antenna over a height range, and changing
antgnna polarization. This time=¢consuming search process can be effectively automated, Qut it
shall be recognized that a yariety of search strategies may be used that can lead to diffgrent
resylts. In case of previous knowledge of the radiation characteristics of an EUT, a
maximization sequencelshould be chosen that allows the determination of the worst-¢ase
ampllitude within the [search ranges of the antenna mast and the turntable. For instance, if the
EUT| emits highly directive signals in the horizontal plane, e.g. due to slots in the case] the
turntable should\'be rotated continuously while taking data with the receiver. A tpble
moviement in-discrete steps, on the other hand, may not allow the detection of the maxihum
ampllitude_or-may cause the signal to be missed completely if the chosen angular incremgnts
of tHe positions are too far apart. The scan time of the spectrum analyzer should be less fhan
the t{ime for 15° of rotation of the turntable to produce effective maximization data.

One search strategy might be to rotate the turntable 360° while leaving the antenna at a fixed
height to find the angle for maximum emission amplitude. Next, the turntable is rotated back
over the full range after the antenna polarization was changed (e.g. from horizontal to
vertical). During this process test data is taken continuously with the receiver and at the end
of the second table scan the highest amplitudes, based on turntable angle and antenna
polarization, are determined. Then, the worst case positions of the antenna and turntable are
selected and the antenna is scanned over the required height range to find the position
yielding the maximum amplitude. At this point the emission level is either recorded using the
receiver’s quasi-peak detector after returning to the maximum emission height, or finer search
continues with incremental rotation of the turntable and following incremental height search,
to find the maximum emission amplitude at the given frequency with greater precision. Again,
it is important to have some understanding of the radiation pattern of the EUT in order to
configure the software for an optimum search strategy that finds the maximum of the EUT
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emission in the shortest time. Variability is introduced into the test result when the final

mea

surement is performed on the slope of the radiation pattern rather than on its peak.

NOTE The final measurement may be performed at several frequencies in parallel using FFT-based measurement
instrumentation.

8.6

Post-processing and reporting

The last part of the test procedure addresses documentation requirements. The functionality
for defining sorting and comparison routines that then can be automatically or interactively
applied to signal lists supports a user in compiling the necessary reports and documentation.

The
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blection criteria. The results of these processes are stored in separate output lists-or
ombined in a single list and are available for documentation or further processing.

LIts shall be available in tabular and graphics format for use in a test report, Furtherm
mation about the test system itself, e.g. transducers used, measuring‘instrumenta
documentation of the EUT set-up as required by the product standard ‘should also be
e test report.

Emission measurement strategies with FFT-based measaring instruments

ending on the implementation, FFT-based measuring instrdments may perform weig
surements significantly faster than the tunable selective voltmeters. A weig
surement over the frequency range of interest may then be faster than a measurer
isting of a prescan and final scan performed{with a superheterodyne receive
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Annex A
(informative)

Measurement of disturbances in the presence of ambient emissions

A.1  General

High ambient emissions have to be accounted for during in situ tests (conducted and radiated)
and type tests on an open-area test site (OATS). It is the purpose of this annex to describe
me u u u | Irtuati

In spme circumstances, the procedures will not provide a solution to the problems ‘causefl by
amblient signals. In particular, the procedures cannot be expected to overcome,the problems
of 5/2.4 of CISPR 16-1-4:2010. But aside from this caveat, the following procedures can be
used.

A.2| Terms and definitions

A.21
EUT| disturbance
EUT| emission spectrum to be measured

A.2.2
ambient emission
emigsion spectrum superimposed on the EUT.\disturbance spectrum that influences| the
accyracy of the EUT disturbance measurement

A.3| Problem description

During in situ tests and type tests, on an OATS the ambient emissions frequently do| not
corrgespond to the ambient radio frequency environment of the test site recommendations of
CISPR 16-1-4.

The|radio disturbance of the EUT is often located within the frequency bands of ambient
emigsions and cannotbe measured with a radio disturbance measuring receiver as specjfied
in CISPR 16-1-1 due;to insufficient frequency spacing between the EUT disturbance and the
amblient emissionyor due to superposition.

The|CISPR.standard measuring receiver is suitable to provide uniform test results for all types
of radiosfrequency emissions, where the EUT disturbance alone is to be measured. I is,
howgver,not optimized to discriminate between EUT disturbance and ambient emissions ¢r to
measure the EUT disturbance in the aforementioned situation

Because in actual interference investigation situations there are no alternatives to an in situ
test, a solution is described below for cases when a differentiation between EUT disturbance
and ambient emission is possible.

A.4 Proposed solution

A.4.1 Overview

EUT disturbance emissions a-nd ambient emissions can be categorized as in Table A.1.
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Table A.1 — Combinations of EUT disturbance and ambient emissions

EUT disturbance Ambient emission
Narrowband
Narrowband
Broadband
Narrowband
Broadband
Broadband

yand
rms
ver,
e a
Ctral
components are contained in the receiver bandwidth. A CW signal will always\be narrowbpand;
a narrow FM signal can be either narrow or broadband, depending on the“actual recgiver
bangwidth. On the contrary, an impulsive signal will usually be broadband because a few of
its g$pectral components will be within and many of its spectral coniponents outside| the
recdiver bandwidth.

The[ measurement of the EUT disturbance is a manifold problem: first, to identify EUT
disturbance and ambient emission and, second, to distinguish between narrowband |and
brogdband emission. Modern measuring receivers and spectrum analyzers provide various
resdlution bandwidths and detector types. These can be used to analyse the combjned
spec¢trum, to distinguish between EUT disturbanCe™ and ambient emission spectra to
distihnguish between narrowband and broadband ‘€missions and to measure (or in difficult
situations to estimate) the EUT disturbance.

In gase of type testing on an OATS, Jidentification and pre-measurement of the EUT
disturbance may also be carried out by pre-testing the EUT in a non-compliant (for exanjple,
partlally) absorber-lined shielded room; and final testing on an OATS, whereby levels of
emissions hidden by ambients mayibe determined by comparison with emissions in| the
vicinity.

Supgrposition of the emissions shall be accounted for when EUT disturbance and ambient
emigsions cannot be separated. The separation needs an EUT disturbance-and-ambjent-
emisgsion to ambient-emission ratio of about 20 dB.

In chses where lE-bandwidths and detectors are different from the specified bandwidth|and
the quasi-peak)(QP) detector, the QP value in the specified bandwidth is the reference fof the
megsurementserror determination.

Figure/A-1 shows a flow diagram for the selection of bandwidths and detectors and| the
estimatéed measurement errors due to that selection
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A.4.2 Pre-testing the EUT in a shielded room

Emission frequency and amplitude data acquired from preliminary testing in a shielded room
may be used under certain restrictive conditions (a simple shielded room is not an absorber-
lined shielded room — semi-anechoic or anechoic — and thus does not meet present NSA
values in Annex E of CISPR 16-1-4:2010, (Annex A of [4])). This will give the emission
spectrum that has significant amplitudes. In cases of narrowband emission the product
emission spectrum contains harmonics and subharmonics of any clock frequency used in the

prod

The-a nra-test racsulte mav hg 1icgd to dotermine - nroduct emission amnlitudaes in cg
Pt t +—F tHts—Hay—>o HS86—+t aeteHHH proatHGct AHSSHoR—apHHaeS—ih

uct.

rest
and
that

ambient. Hence, the unmasked emission can be recorded in the usual manher using
ired receiver or spectrum analyzer bandwidth. Then the amplitude of thesEUT emisfsion
is masked by the high RF ambient can be judged using the preliminary quiet-chamber
medsurements in the following way.

requ
that

one (or more) of the frequencies are masked (hidden) by an RF ambient, chances|
an adjacent frequency to these masked frequencies will not coincide precisely with an

rtain
ictive situations. In particular, when the final compliance test is performed at an.OATS

are
RF
the

Assume that during the shielded room preliminary measurements two adjacent frequ¢ncy

emigsions differ in amplitude by X dB (see Figure A.2). Next onesof.these frequencies that
not masked by the RF ambient is measured at the OATS. The-difference in amplitude (X
of the masked frequency from the measurable adjacent(frequency can be added tg

subf

room to determine the amplitude of the adjacent frequencies. This is shown in Figure
whefe (assuming that the frequency f; is the maskéd frequency and f; is not masked),
litude for f; is shown as X dB greater than the‘amplitude at f;. Then to find the amplifude

amp
of £}

the amplitude of fg were Y dB less than that for\f; found during the quiet-chamber testing
litude of f; (if masked by an ambient)“would be Y dB less than that of f;, which is

amp
assl

NOTE The above procedure emphasizes what is contained in point d) of 7.3.6.2 (Test environment).
Several precautions should be taken in using this restricted procedure.

a) The adjacent frequency found in preliminary testing should not be more than one or

1

b)

The amplitudes of adjacent frequencies need to be measured very carefully by hg

racted from, depending on the sign of the difference).the amplitude found in the shie

at the OATS, X dB is added to the value of:the measurable amplitude of f,. Similar

med to be measurable at the OATS.

hdjacent frequencies  away (usually a sub-harmonic or harmonic of the basic o

bnhance or depress frequencies adjacent to the frequency to be estimated on the O/
n this case, the-value of X (or Y in Figure A.2) may not be suitable.

scan of (the receive antenna in the quiet chamber (as would be the case for the
compliance measurement). If full height scan cannot be made, alternate correla

emissions masked by the RF ambient).

f

are
dB)

(or
ded

A.2,

the

y, if
the

two
lock

requency), so that-the effect of the shielded room irregularities will not unnecessprily

ATS.

ight
final
ions

petween the quiet-chamber measurements and the corresponding OATS measuremgnts
nay have to be made before applying this OATS amplitude estimation technique| (for

c) For those quiet chambers that are fully absorber-lined on all six sides of the chamber,
alternate height-scan techniques might be available, such as measurements at two or
three fixed heights (since the ground plane reflections are suppressed and
contribution to the received signal diminished) and using the maximum of these readings.
Such techniques may need the same correlation measurements as stated in item b)
above.

that
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NOTE Generally f, is n times f,, the EUT fundamental emission frequency-(basic clock frequency).

Figure A.2 — Relative difference in adjacent emission amplitudes
during preliminary.testing

A.43 Method of measurement of EUT disturbances in the presence
of narrowband ambient emissions

A.43.1 General
Depgending on the type of EUT disturbance, its measurement is based on
— the analysis of the combined spectrum with a bandwidth narrower than that of| the

CISPR measuring receiver

— the determination of a suitable measurement bandwidth for the selection of narrowhand
disturbance close te.ambient emissions,

— the use of the peak detector (if the disturbance is AM or pulse modulated) or the average
detector,

— the increase-of the EUT disturbance to ambient emission ratio in case of a narrowhand
disturbance within a relatively broadband ambient emission when a narrower meagure-
ent-bandwidth is used, and

— acecounting for superposition of EUT disturbance and ambient emission, if separation ig not
possibte:

A.4.3.2 Unmodulated EUT disturbance

The unmodulated EUT disturbance (see Figure A.3) can be separated from the ambient signal
carrier by choosing a suitably narrow measurement bandwidth. Either the peak or the average
detector may be used. There is no additional measurement error compared with the quasi-
peak detector. If the difference in level between peak and average values is very small (for
example, lower than 1 dB), the measured average value is equivalent to the quasi-peak value.
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d line EUT disturbance
bold line ambient emission
ne 120 kHz IF bandwidth
Figure A.3 — Disturbance by an unmodulated signal (dotted-line)
3.3 Amplitude-modulated EUT disturbance

amplitude-modulated EUT disturbance (see Figure A.4)“can be separated from
ient signal carrier by choosing a suitably narrow measurement bandwidth. Care shoul
n to ensure that the narrow measurement bandwidth-chosen does not suppress

gnised by a decrease in the peak amplitude of the EUT disturbance as a result of
pase of selectivity.

120 kHz IF bandwidth

Chosen bandwidth

Receiving frequency

IEC
d line EUT disturbance

bold line ambient emission

ne 120 kHz IF bandwidth

the
d be
the
8 s
the

Only the peak detector with a measurement time greater than the reciprocal of the modulation
frequency can be used. An additional measurement error shall be accounted for at modulation
frequencies below 10 Hz (0,4 dB at 10 Hz; 1,4 dB at 2 Hz for bands C and D and 0,9 dB at
10 Hz; 3 dB at 2 Hz for band B), where the peak value is above the quasi-peak value. The
QP-value as a function of the modulation frequency is shown in Figure A.5.
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Figure A.5 — Indication of an amplitude-modulated signal as a function of
modulation frequency with the QP detectoriin CISPR bands B, C and D

A.43.4 Pulse-modulated EUT disturbance

The|narrowband pulse-modulated disturbance’from the EUT is classified as a special cage of
ampllitude modulation and can also be separated from the ambient signal carrier by a suifably
narrpw measurement bandwidth. The:Selectivity shall not lead to a suppression of| the
modulation spectra. Only the peak detector can be used.

In dases of low repetition frequency, an additional error is possible, but as long as| the
diffgrence between peak- and-average detector reading is in the order of 12 dB to 14 dB,
additional measurement errors compared with the quasi-peak value need not be accoupted
for.

For p pulse width #.=)50 us, Figure A.6 shows that as long as the difference between peak|and
avelnage levels ds\less than or equal to 14 dB, the deviation between peak and QP levels is
negligible. Soi/the comparison between peak and average levels may be used to verify| the
usability of\the peak detector.
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Figure A.6 — Indication of a pulse-modulated signal (pulse width 50 ps) as a function

of pulse repetition frequency with peak; QP and average detectors

Broadband EUT disturbance

the measurement of broadband disturbance (see Figure A.7) the quasi-peak detector

IEC

shall

be ysed. In fact it is not possible to.carry out a measurement within the ambient signal
bandwidth. Because of the finite bandwidth, the disturbance can generally be measlred

outside the ambient signal spectrum, using the quasi-peak detector.

Sl

120 kHz IF bandwidth

Receiving frequency

IEC

Key

dotted line
solid bold line
thin line

A4.4

EUT disturbance
ambient emission
120 kHz IF bandwidth

Figure A.7 — Disturbance by a broadband signal (dotted line)

ambient emissions

A.4.41

General

For this case the measurement method is based on

Method of measurement of EUT disturbance in the presence of broadband
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— the analysis of the combined spectrum with a bandwidth equal to the CISPR measuring
receiver,

— measurement with a narrow bandwidth (in case of narrowband EUT disturbance; the use
of a narrow bandwidth will increase the EUT disturbance to ambient emission ratio),

— the use of the average detector for narrowband EUT disturbance, and
— accounting for superposition of EUT disturbance and ambient emission, if separation is not
possible.

A.4.4.2 Unmodulated EUT disturbance

The[amplitude of the EUT disturbance (see Figure A.8) should be measured with the avefage
detgctor (specified in CISPR 16-1-1). The measurement error depends on the averagé-vplue
of the broadband signal spectrum within the selected bandwidth. This measurement_erfor|can
be minimized by choosing a measurement bandwidth that maximizes the EUT disturbande to
amblient emission ratio (selectivity method).

N

120 kHz IF bandwidth

Receiving frequency
IEC

Key

dotted line EUT disturbance
solid|bold line ambient emission
thin Ijne 120 kHz IF bandwidth

Figure A.8 — Unmodulated EUT disturbance (dotted line)

A.4/4.3 Amplitude-modulated”EUT disturbance

The| amplitude of the EUT ,disturbance (see Figure A.9) is measured with the average
detdctor, although an additional measurement error of up to 6 dB (at 100 % modulation)
compared with a quasi-peak detector shall be accounted for. The measurement bandwidths
chogen should maximize the EUT disturbance to ambient emission ratio (selectivity methof).
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Figure A.9 — Amplitude-modulated EUT disturbance (dotted-line)
4.4 Pulse-modulated EUT disturbance

not easy to detect and recognise a pulse-modulated EUT\disturbance in a broadl
ient signal spectrum with a high level of reliability,-"because the 100 % ampli

amplitude of the EUT disturbance can be measured with the average detector in cas
duty cycles. Due to the 100 % amplitude modulation depth with smaller duty cycles
of the average detector will cause an ingreasing measurement error compared
quasi-peak detector. In the case of a duty-tycle of 1:1 and use of the linear ave
ctor, the measurement error is 6 dB. Thé measurement bandwidth should be such
relationship between the measured *average value of the EUT disturbance and
age value of the broadband ambientisignal is maximized.

ase of low duty cycles, the average value will substantially deviate from the QP ve
is case the peak detectornshould be used together with a measurement bandwidt
pw as possible but stilkwide enough to capture the complete disturbance bandw
erposition with the ambient emission may have to be accounted for.

4.5 Broadband EUT disturbance
rule, broadband disturbance cannot be detected or measured in a broadband amhk

| spectrum.>lt may be possible to measure such a disturbance outside the ambient si
trum ar(by*accounting for superposition.

combinations of EUT disturbance with the ambient emission, and the error involved in

me

and
ude

e of
the
with
rage
that
the

ue.
h as
dth.

ient
gnal

the

surement, are dieplnynd inTable A 2

NOTE A scanning receiver or spectrum analyzer will show the spectra of two different broadband signals, unless
the signal frequencies or pulse rates are harmonically related with each other, or the sweep rate of the measuring
instrument is harmonically related with the measured pulse rates.

A.5

Determination of the EUT disturbance in case of superposition

If, as a result of the selection of the EUT disturbance and the ambient emission, the measured
level to ambient emission ratio is lower than 20 dB, the superposition of ambient emission and
EUT disturbance needs to be accounted for. For impulsive broadband voltage, the following

calc

ulation can be made.
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The received signal U; is the sum of the EUT disturbance U; and the ambient emission Us,.
U, can be measured only when the EUT is switched off. The superposition is linear for
the peak detector (see Figure A.10).

7

i e

S ,-/
©
= 4
e /n/
s 3
8 /./
o
g 2
[0}
[}
[&]
£
0
-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0
Amplitude ratio: U, (dB) — U; (dB)
IEQ

Key:

U, is level of ambient emission

U, is level of EUT disturbance

Figure A.10 — Increase of peak value with’superposition of two unmodulated signalls
Thelfollowing equation applies when using the peak detector:
U =U,; +U, (A1)
The[EUT disturbance can thus be calculated from
U; =U, -U, A.2)

The[amplitudeatio d of the received signal to the ambient emission can be measured easjly.

polr d=20IgD A.3)
Ua

The ambient emission U, can be substituted in Equation (A.2):

U, 1

U, =U, ——=Ur(1——j (A.4)
D D

or

1
U a8 =Ur,dB +20|9(1—3j (A.5)
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Defining i by Equation (A.6) as

1
/=-20Ig 1- —
=201

(A.6)

serves to determine the amplitude of the EUT disturbance. The factor i is illustrated
in Figure A.11. Using i from Figure A.11, the amplitude of the EUT disturbance can be

calculated as follows:

LL LL

trag—trag—*

A7)

AN

18\

\
16 -8 PK-Det.
14 == A\MDet.
12 \
o \
S |10 \\
8 N

NG ~

4 \ ~
\\ \.\\-\

= B

1 2 4 6 8 10 12 14 16 18
Amplitude ratiod dB

20

IEC

Key:

U, is the_ambient signal in dB

U, is the resulting indication of received signal (by superposition) in dB
U, is the disturbance signal in dB

d=U, -U,

U, =U, -1

i =-201g(1-1/D)

Figure A.11 — Determination of the amplitude of the disturbance signal
by means of the amplitude ratio 4 and the factor i (see Equation (A.3)
and Equation (A.6))

Figure A.11 can be used as follows:

a) measure the ambient field strength U, in dB(uV/m) (EUT off);
b) measure the resultant field strength U, in dB(uV/m) (EUT on);
c) determine d = U, - Uy;


https://iecnorm.com/api/?name=9ab2d03712fe0c058102dfdce19f6561

- 90 - CISPR 16-2-3:2016 © IEC 2016

d) find the value of i from Figure A.11;

e) determine U, in dB(nV/m) using U; = U, - i.

If the received signal is measured with the average detector, Figure A.12 can be applied.
Figure A.12 shows that in the case of unmodulated signals the following equation

U, =U? +U2

can be used with an additional measurement error of up to about 1,5dB. In case of

(A.8)

modutation, the error decreases (See rigure A. 2y butthe errors m T1abte A2 shat] be
accounted for.
By means of the average detector, the in-band disturbance can be estimated‘by applying
Equption (A.7) if the curve of the average detector (Figure A.11) is used. IQ\this caseg| the
factor i is defined as
. 1
i=-10Ig 1——2 (A.9)
D
1,0
—®—Equation (A.8) —= Ua: CW Ub: AM/99 % -a- Ua: AM/99 %
Uz CW U:: Imp.mod. Ui CW
3,0 -
n=1us
= tr=10 ps ,/
z / p
S £ ’ ’
2 R0 ya _—
2 ~nt
g /:r - y
E /F /)///
0 - . Ar/' — -
e — O\ ?ll/ ,,44——77**”’”J777JJM//J/// -
0,0
-14 12 -10 -8 -6 -4 2 0
Amplitude ratio: U, (dB) — U; (dB)
IEC
Figure A.12 — Increase of average indication measured with

——————arealreceiverand—calcttated fromEquation(A8)———
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Annex B
(informative)

Use of spectrum analyzers and scanning receivers

General

When using spectrum analyzers and scanning receivers, the following characteristics should

be gadressedSee afso Clause 6 of this standard for agdttionat imformattom. ]

B.2

Mostt spectrum analyzers have no RF preselection in the frequency range up,to 2 000 N
is, the input signal is directly fed to a broadband mixer. To avoid ovérload, to preyent

that
dam
typid
reqy

B.3

Ling
and
rece

Overload

age and to operate a spectrum analyzer linearly, the signal amplitude at the mixer sh
ally be less than 150 mV peak. RF attenuation or additional RE preselection ma
ired to reduce the input signal to this level.

Linearity test

arity can be evaluated by measuring the level of{the specific signal under investiga
repeating this measurement after an X dB attenuator has been inserted at the input o

Hz;

ould
be

tion
the

iver or, if used, the preamplifier (X > 6 dB). The new reading of the receiver display
shouild differ by X dB up to +0,5 dB from the first reading, if the measuring system is lineai|.

B.4| Selectivity

The| spectrum analyzer and scanning receiver shall have the bandwidths specified in
CISPR 16-1-1 to correctly measure broadband and impulsive signals, and narrowhand
distdrbances with several specttum components within the standardized bandwidth.

B.5| Normal response to pulses

The|response of a‘spectrum analyzer and a scanning receiver with quasi-peak detection|can
be Verified withsthe calibration test pulses specified in CISPR 16-1-1. The large peak voljage
of the calibration test pulses typically requires insertion of an RF attenuation of 40 dB or more
to satisfy \the linearity requirements. This decreases the sensitivity and makes | the
measurement of low repetition rate and isolated calibration test pulses impossible for bands
B, g @nd D. If a preselecting filter is used ahead of the receiver, then the RF attenuation|can
be adeereased—Fhefitertimits—the-speetrumwidth-of-the-ealibrationtestpulse—as—seenby the
mixer.

B.6 Peak detection

The normal (peak) detection mode of spectrum analyzers provides a display indication that, in
principal, is never less than the quasi-peak indication. It is convenient to measure emissions
using peak-detection because it allows faster frequency scans than quasi-peak detection.
Those signals that are close to the emission limits then need to be re-measured using quasi-
peak detection to record quasi-peak amplitudes.
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B.7

Frequency scan rate

The scan rate of a spectrum analyzer or a scanning receiver should be adjusted for the
CISPR frequency band and the detection mode used. The minimum sweep time/frequency is
listed in the following table:

For
disp
the
stea
max

B.8

The
disp
emig
varig
time
Dep
can

usin

have been found.

B.9

Ave
no f
with
the
the

even though it is-the logarithm of the linearly detected signal.

A |0
betw

Band Peak-detection Quasi-peak detection
A 100 ms/kHz 20 s/kHz
B 100 ms/MHz 200 s/MHz
Cand D 1 ms/MHz 20 s/MHz

a spectrum analyzer or scanning receiver used in a fixed tuned non-scannijng> mode
ay sweep time may be adjusted independently of the detection mode and, accordin
needs for observing the behaviour of the emission. If the level of disturbance is
dy, the reading on the receiver must be observed for at least 15 s-to determine
imum (see 6.5.1).

Signal interception

spectrum of intermittent emissions may be captured-with peak-detection and di
bsion compared to a single, slow frequency scan.The starting time of the scans shoul
bd to avoid any synchronism with the emission and’thereby hiding it. The total observa
for a given frequency range shall be longer than the time between the emissi
ending upon the kind of disturbance being:measured, the peak detection measurem

g a quasi-peak detector should thenxbe made at frequencies where emission ma

Average detection

rage detection with a spectrum analyzer is obtained by reducing the video bandwidth
reductions in videe.bandwidth to maintain amplitude calibration. For such measureme

receiver shall be used in the linear mode of the detector. After linear detection is m
signal may be ‘processed logarithmically for display, in which case the value is corre

garithmic amplitude display mode may be used, for example, to distinguish more e

Ioga|

een_narrowband and broadband signals. The displayed value is the average of
rithmically distorted IF signal envelope. It results in a larger attenuation of broadk

the
g to
not
the

gital

ay storage if provided. Multiple, fast frequency scans reduce the time to intercept an

d be
tion
ons.
ents

replace all or part of the measurements, needed using quasi-peak detection. Re-fests

ima

until

Lirther smoothing of the displayed signal is observed. The sweep time shall be increased

nts,
ade,
cted

bsily
the
and

sign

als than In the linear detection mode without aittecting the display Oor narrowband sigr

als.

Video filtering in log-mode is, therefore, especially useful for estimating the narrowband

com

ponent in a spectrum containing both.

B.10 Sensitivity

Sensitivity can be increased with low noise RF pre-amplification ahead of the spectrum
analyzer. The input signal level to the amplifier should be adjustable with an attenuator to test

the |

inearity of the overall system for the signal under examination.

The sensitivity to extremely broadband emissions that require large RF attenuation for system
linearity is increased with RF preselecting filters ahead of the spectrum analyzer. The filters
reduce the peak amplitude of the broadband emissions and less RF attenuation can be used.
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Such filters may also be necessary to reject or attenuate strong out-of-band signals and the
intermodulation products they cause. If such filters are used, they shall be calibrated with
broadband signals.

B.11 Amplitude accuracy

The amplitude accuracy of a spectrum analyzer or a scanning receiver may be verified by
using a signal generator, power meter and precision attenuator. The characteristics of these
instruments, cable and mismatch losses have to be analysed to estimate the errors in the
verification test.



https://iecnorm.com/api/?name=9ab2d03712fe0c058102dfdce19f6561

CISPR 16-2-3:2016 © IEC 2016 - 95—

Annex C
(informative)

Scan rates and measurement times for use with the average detector

CA

Purpose

This annex is intended to give guidance on the selection of scan rates and measurement

time

The

a) fo suppress impulsive noise and thus to enhance the measurement of CW{(componen

q

c)
q

Clal
9 kH

In order to select the proper video bandwidthysand the corresponding scan rate

meag

c.2

C.2.
The

Bres
detg
a =
filten
than

b) E suppress amplitude modulation (AM) in order to measure the carrief level of ampli

s when measuring impulsive disturbance with the average detector.

average detector serves the following purposes:

isturbance signals to be measured,;

odulated signals;

show the weighted peak reading for intermittent, unsteady or drifting narrowh
isturbances using a standardized meter time constant.

se 6 of this standard defines the average measuring(receiver for the frequency ra
z to 1 GHz.

surement time, the following considerations apply.

Suppression of disturbances

1 Suppression of impulsive disturbance

pulse duration 7, of an impulsive disturbance is often determined by the IF bandw
i.e. T, = 1/B,.s. For the-Suppression of such noise, the suppression factor a is
rmined by the video. bandwidth B4, relative to the IF bandwidth,
PO 19(Bes/Byideo)- The bandwidth B, 4., is determined by the bandwidth of the low-f
following the envelope detector. For longer pulses, the suppression factor will be Iq

a. The minimum’scan time T i, (and maximum scan rate Ry ,,) is determined usin

k Af
IsmpnS———F— (
Bres Bvideo

Is in
fude

and

nge

or

dth,
hen

i.e.
Dass
wer

C.1)

Af _ Bres Bvideo

Re max——

whe

Af
k

=

Ié min k
re

is the frequency span and

is a proportionality factor that depends on the speed of the measuring receiver
or spectrum analyzer.

C.2)

For the longer scan times, k is very close to a factor of one (1). If a video bandwidth of 100 Hz
is selected, the maximum scan rates and pulse suppression factors in Table C.1 are obtained.
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Table C.1 — Pulse suppression factors and scan rates for a 100 Hz video bandwidth

Band A Band B Bands C and D
Frequency range 9 kHz to 150 kHz 150 kHz to 30 MHz 30 MHz to 1 000 MHz
IF bandwidth B 200 Hz 9 kHz 120 kHz
Video bandwidth B, 100 Hz 100 Hz 100 Hz
Maximum scan rate 17,4 kHz/s 0,9 MHz/s 12 MHz/s
Maximum suppression factor 6 dB 39 dB 61,5 dB

This

B (and C) if short pulses are expected in the disturbance signal. Compliance of the-EUT

both

the

limits shall be demonstrated. If the pulse repetition frequency is greater than-100 Hz
uasi-peak limit is not exceeded by the impulsive disturbance, then the short-pulses

sufficiently suppressed for average detection with a video bandwidth of 100 Hz:

C.2.

Ave

2 Suppression of impulsive disturbance by digital averaging

age detection may be done by digital averaging of the signal amplitude. An equiva

suppression effect can be achieved if the averaging time is equalto the inverse of the v

filter

can be applied for product standards calling out quasi-peak and average limits in balmds

with
and
are

lent
deo
the

bandwidth. In this case, the suppression factor a = 20:19(7,,B,es), Where T, is

avefnaging (or measuring) time at a certain frequency. Conseglently a measurement ti

e of

10 ms will produce the same suppression factor as a video bandwidth of 100 Hz. Digital
avefaging has the advantage of zero delay time, when switching from one frequency to
another. On the other hand, for averaging of a certainpulse repetition frequencyfp, the rgsult
may| vary depending on whether n or (n + 1) pulse§’are averaged. This has an effect of [less
than| 1 dB, for (7,,/,) > 10.
C.2.3 Suppression of amplitude modulation
In order to measure the carrier of a modulated signal, the modulation has to be suppressed by
signal averaging over a sufficiently leng time, or by using a video filter of sufficient attenuation
at the lowest frequency. If £, is.the lowest modulation frequency, and assuming that| the
maximum measurement errorsdue to a 100 % modulation is limited to 1 dB, then| the
megsurement time 7\, should.be 7, = 10/f,,.
C.3| Measurementof slowly intermittent, unsteady or drifting narrowband
disturbances
In CISPR 16-1-4- the response to intermittent, unsteady or drifting narrowband disturbancegs is
defiped usingthe peak reading with meter time constants of 160 ms (for Bands A and B)|and
100|ms f(for Bands C and D). These time constants correspond to second order video filter
bandwidth's of 0,64 Hz or 1 Hz respectively. For correct measurements, these bandwidths
wouldréquire very long measurement times (see Table C.2)

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

Band A Band B Bands C and D

Frequency range

9 kHz to 150 kHz

150 kHz to 30 MHz

30 MHz to 1 000 MHz

IF bandwidth B¢ 200 Hz 9 kHz 120 kHz
Meter time constant 160 ms 160 ms 100 ms
Video bandwidth B, 0,64 Hz 0,64 Hz 1 Hz
Minimum scan time 8,9 s/kHz 172 s/MHz 8,3 s/MHz
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This applies, however, only for pulse repetition frequencies of 5 Hz or less. For all higher
pulse widths and modulation frequencies, higher video filter bandwidths may be used (see
C.2.1). Figure C.1 and Figure C.2 show the weighting function of a pulse with 10 ms pulse
duration versus pulse repetition frequency /o with peak reading (CISPR AV) and with true

averaging (AV) for meter time constants of 160 ms (Figure C.1) and 100 ms (Figure C.2).

Relative level dB

60 i I R R A I : R L
1 10 100

Jo Hz IEC

Figure C.1 — Weighting function of a 10 ms pulse for peak (PK)
and average detections with (CISPR AV) and without)(AV) peak reading:
meter time constant 160 ms

Relative level dB
PK

: I S T N N O : N N B
1 10 100

fo Hz IEC

Figure €:2 — Weighting functions of a 10 ms pulse for peak (PK)
and average detections with (CISPR AV) and without (AV) peak reading:
meter time constant 100 ms

re C-%1.and Figure C.2 imply that the difference between average with peak readi
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Relative level dB

10 100 1000

Pulse width ms
EC

Figure C.3 — Example of weighting functions (of a 1 Hz pulse) for peak (PK) and
average detections as a function of pulse width: meter time constant160 ms

Relative level dB

10 100 1000

Pulse width ms IEC

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

C.4) Recommended procedure for automated or semi-automated
measurements

Whgn measuting EUTs that do not emit slowly intermittent, unsteady or drifting narrowhand
distirbances; it is recommended to measure with the average detector using a video filter
bangwidth,~of e.g. 100 Hz, i.e. a short averaging time during a pre-scan procedure. At

frequencies where the em|SS|on is found to be close to the average limit, it is recommended to
mak final manciirArN AN + (PN nda filtar bhandvandih |~ A e~y v Ara~in~ 4 me.

a—tHAa—eastermeht U\Jllly a—1OWer—aeo—thtet uulluvvluul, LEA =T = A=A R A A uvuluglllg L3

(For the pre-scan/final measurement procedure, see also Clause 8).

For slowly intermittent, unsteady or drifting narrowband disturbances, manual measurements
are the preferred method.
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Annex D
(informative)

Explanation of the APD measurement method
applying to the compliance test

One of the following two methods is used when the APD measurement is applied for a
compliance test. Figure D.1 and Figure D.2 illustrate the specifics of the APD measurement

met
and

ods, in\/nl\/ing the measurement of the level of disturbance (i e Method 1 _see 766

the measurement of the probability (i.e. Method 2, see 7.6.6.3.3), respectively.

100

(o]
o
T

~
o

o
o
=<
=<
Q
us]

<>

E|imit(10:‘;) -
Elimit(10) ———
Peak 2 Peak 1 Max hold
‘ XX MHz ‘ ‘ XX MHz ‘ Emeas(10”) —=—
Emeas(10%) —7-
Preliminary measurement — Highest !evel
(max hold)

Second

APD measurement -
)

Level of disturbance dB(uV/m)

N
o
i

;

Number of frequency: N
Step of frequency: Af

30
2300

Figure D.1 — Example of APD measurement Method 1 for fluctuating disturbances

2302 2304 2306-\2308 2310 2312 2314 2316 2318 2320

Frequency MHz

IEC

3.2)
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10" ‘ ‘ \
Piimit at E=60dB (uV/m) —
Pimitat £=90dB (uW/m) —
Pmeas at E =60 dB (uV/m) —>—

1074 Prmeas at £ = 90 dB (uV/m) 1

TS AN s

10° ¢ 1A

Rrobability

Number of frequenty: N
Step of frequency: Af
10° : : :

2300 2302 2304 2306 2308 2310 2312 2314 316 2318 2320
Frequency MHz

IEC

Figure D.2 — Example of APD measurement Method<2 for fluctuating disturbancesg

If thle preliminary measurement results, obtained by using the maximum-hold display mode
and|peak detection, exceed the specified APD limit (the higher limit should be used if|two
APD limits apply) by YY dB at certain frequencies, then the APD measurement should be
performed at these identified frequencies. The'wvalue YY dB is to be specified by the relejant
prodquct committee (e.g. YY = 5, 10, etc.).

In case of fluctuating disturbances, theproduct committee should specify the frequency rgnge
XX (= Af x N) MHz in which the APD measurements are to be performed, where Af is| the
frequency step size and N is the>number of frequencies. This frequency range should be
spegified according to the characteristics of the product.

As g first step, XX is determined by the preliminary measurement results. Then, Af should be
equal to the resolutionbandwidth (RBW = 1 MHz for measurements above 1 GHz) of| the
spe¢trum analyzer,-However, all frequencies that have an APD value within approximately
6 dB of the APD limit may require further investigation with a smaller frequency step size|(i.e.
Bg/2, where Bguis the 6-dB bandwidth of the spectrum analyzer). RBW of the specirum
analyzer for,measurements above 1 GHz is defined by the impulse bandwidth B, rather than
the B-dB bandwidth Bg. The relation between Bimp and Bg is dependent upon the filter type,
and|cannot be generalized. If B;,,, can be approximated to Bg, then the smaller frequency
step size Bg/2 is recommended to be B,,,/2 (i.e. 0,5 MHz) for measurements above 1 $Hz.
Finatty, Vs determimedfromrthe vatues of XXand—2f:
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Annex E
(normative)

Determination of suitability of spectrum analyzers for compliance tests

The user of a spectrum analyzer shall be able to demonstrate, either through specifications
from the manufacturer or by measurement, that the analyzer meets the quasi-peak detection
requirements for pulse-repetition frequencies greater than 20 Hz in the frequency range of

use

Singe the measurement of the pulse repetition frequency of an emission may not alway

pos
app

. For the average detector the response to pulses is called out in CISPR 16-1-1.

sible, a simple method to verify the validity of the quasi-peak measuremegnt: shal
ied when a spectrum analyzer is used. This method is based on a cempariso

5 be
| be
h of

megsurement results with the peak and quasi-peak detectors. From the quasirpeak weighting
fungtions, the amplitude differences shown in Table E.1 are the results of measurements for a

signjal with a pulse repetition frequency of 20 Hz.

The

closg to the applicable limit in quasi-peak detection. If the difference between the peak

qua

megsurement is valid and the result obtained with a spectrum analyzer can be use
demonstrate compliance. If the amplitude difference is larger than the stated value

Tab
CIs

Thig comparison measurement requires an adequate signal-to-noise ratio to ensure pr
resylts.

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

Band A Band B Bands C and D
7 dB 13 dB 21 dB

comparison measurement is to be made at_signal frequencies that show an ampli

si-peak detected amplitude is smaller than the value in Table E.1 the quasi-f

e E.1 a measuring receiver that;fully complies with the low-PRF requirement
PR 16-1-1 is to be used for the guasi-peak measurement instead of a spectrum analy

tude
and
eak
d to
5 in
5 of
zer.
bper
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE
COMITE INTERNATIONAL SPECIAL DES PERTURBATIONS RADIOELECTRIQUES

SPECIFICATIONS DES METHODES ET DES APPAREILS
DE MESURE DES PERTURBATIONS RADIOELECTRIQUES ET
DE | 'IMMUNITE AUX PERTURBATIONS RADIOFI ECTRIQUES —

Partie 2-3: Méthodes de mesure des perturbations et de I'immunité -
Mesurages des perturbations rayonnées

AVANT-PROPOS
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bmposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de 'lEC). L’IEC a
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attenilon est atliree sur les references normatives cliees dans ceite publication. L utilisation de publica
référencées est obligatoire pour une application correcte de la présente publication.

L’attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent

tions

faire

I’objet de droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits

de brevets et de ne pas avoir signalé leur existence.

La Norme internationale CISPR 16-2-3 a été établie par le sous-comité A du CISPR: Mesures
des perturbations radioélectriques et méthodes statistiques.

Cette quatrieme édition annule et remplace la troisieme édition parue en 2010, 'Amendement
1:2010 et 'Amendement 2:2014. Cette édition constitue une révision technique.
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Cette édition inclut la modification technique majeure suivante par rapport a ['édition
précédente: ajout de contenu relatif a la correction de I'amplitude de champ électrique pour

pren

dre en compte le centre de phase des réseaux de dipdles log-périodiques.
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Compatibilité électromagnétique — Guide pour la rédaction des publications sur la
compatibilité électromagnétique.

Le texte de cette norme est issu des documents suivants:
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SPECIFICATIONS DES METHODES ET DES APPAREILS
DE MESURE DES PERTURBATIONS RADIOELECTRIQUES ET
DE L’IMMUNITE AUX PERTURBATIONS RADIOELECTRIQUES -

Partie 2-3: Méthodes de mesure des perturbations et de I'immunité —

Mesurages des perturbations rayonnées
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Domaine d'application

irbateurs rayonnés, dans la plage de fréquences de 9 kHz & 18 GHz. Les* aspect
ertitude de mesure sont spécifiés dans les normes CISPR 16-4-1 et CISPR,16-4-2.

F Selon le Guide 107 de 'lEC, la CISPR 16-2-3 est une publication fondamentale en/CEM destinée a I'y
Comités de produits de I'IEC. Comme mentionné dans le Guide 107[13ﬂ,|es comités de produits
Brer avec les comités de produits pour I’évaluation de la pertinence des gssais particuliers de CEM poul
its spécifiques.

Références normatives

documents suivants sont cités en référence de\maniére normative, en intégralité o
e, dans le présent document et sont indispénsables pour son application. Pour
rences datées, seule I'édition citée s’apphlique. Pour les références non datées

PR 14-1:2016, Compatibilité électromagnétique — Exigences pour les appa
trodomestiques, outillages électriques et appareils analogues — Partie 1: Emission

Délectriques et de I'immunité aux perturbations radioélectriques — Partie 1-1: Appareil,
ure des perturbations’ radioélectriques et de I'immunité aux perturbations radioélectrig
pareils de mesure

PR 16-1-2:20%4, Spécifications des méthodes et des appareils de mesure
Lirbations £adioélectriques et de I'immunité aux perturbations radioélectriques — Partie

bélectriques — Dispositifs de couplage pour la mesure des perturbations conduites

brésente partie de la CISPR 16 spécifie les méthodes de mesure de phénoménes

5 de

sage
sont

nsables de la détermination de I'applicabilité de la norme CEM. Le CISPR-et ses sous-comités sont prets a

I des

I en
les
, la

iere édition du document de référence s’applique (y compris les évenfuels
amegndements).

reils

PR 16-1-1, Spécifications‘des méthodes et des appareils de mesure des perturbations

5 de
jues

des
1-2:

areils de mesure des perturbations radioélectriques et de I'immunité aux perturbations

CIS

des

PR 1R_1-A")ﬂ1ﬂ, anér‘ifir'nfinne des méthodes et des nlnlnnrnile de _mesure

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

CISPR 16-1-4:2010/AMD1:2012

1 Les chiffres entre crochets se référent a la Bibliographie.
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CISPR 16-2-1:2014, Spécifications des méthodes et des appareils de mesure des
perturbations radioélectriques et de I'immunité aux perturbations radioélectriques — Partie 2-1:
Méthodes de mesure des perturbations et de l'immunité — Mesures des perturbations
conduites

CISPR TR 16-4-1, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 4-1: Uncertainties, statistics and limit modelling — Uncertainties in
standardized EMC tests (disponible en anglais seulement)

CISPR 16-4-2, Spécifications des méthodes et des appareils de mesure des perturbations
radipélectriques et de l'immunité aux perturbations radioélectriques — Partie 4-2: Incertitugdes,
statistiques et modélisation des limites — Incertitudes de mesure de I'instrumentation

CISPR TR 16-4-5, Specification for radio disturbance and immunity measuring apparatus|and
metnods — Part 4-5: Uncertainties, statistics and limit modelling — Condition$ for the ude of
altefnative test methods (disponible en anglais seulement)

IEC[60050-161, Vocabulaire électrotechnique international — Chapitte 161:. Compatibilité
électromagnétique

IEC|61000-4-3:2006, Compatibilité électromagnétique (CEM))*— Partie 4-3: Techniques
d'eslsai et de mesure — Essai d'immunité aux champs électromagnétiques rayonnés|aux
fréquences radioélectriques

IEC[61000-4-3:2006/AMD1:2007
IEC[61000-4-3:2006/AMD2:2010

IEC[61000-4-20, Compatibilité électromagnétique,(CEM) — Partie 4-20: Techniques d'essgi et
de mesure — Essais d'émission et d'immunité dans les guides d'onde TEM

3 [Termes, définitions et termes abrégés

3.1 Termes et définitons

Pouf les besoins du présent‘document, les termes et définitions donnés de I'lEC 60050-[161,
ains| que les suivants, s’appliquent.

3.1.1
OATS/SAC a revétement absorbant
emplacement dlessai en espace libre (OATS) ou chambre semi-anéchoique (SAC) dont le
plan de masse est partiellement recouvert d’'un matériau absorbant de I'énergie [aux
fréguences\radioélectriques

3.1.2
matérier dappoint

transducteurs (par exemple, sondes de courant et de tension et réseaux fictifs) connectés a
un récepteur de mesure ou a un générateur de signal (d'essai) et utilisés dans la transmission
du signal perturbateur entre le matériel en essai (EUT — equipment under test) et le matériel
de mesure ou d'essai

3.1.3

faisceau de I’antenne

lobe principal du diagramme d’antenne (diagramme de gain) de I’'antenne de réception
(généralement la direction avec la sensibilité maximale ou le facteur d’antenne le plus faible)
dirigé vers 'EUT
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3.1.4
largeur de faisceau de I’antenne

angle entre les points de demi-puissance (3 dB) du lobe principal du faisceau de I'antenne,

lorsqu’il est rapporté a la puissance maximale dudit lobe

Note 1 a Il'article: Il peut étre exprimé pour le plan H ou pour le plan E de I'antenne.

Note 2 a Il'article: La largeur de faisceau de I'antenne est exprimée en degrés.

3.1.5
matériel associé

AE
appareil ne faisant pas partie du systéme en essai, mais nécessaire au bon fonctionnen
du matériel en essai (EUT)

Note[1 a l'article: L’abréviation «AE» est dérivée du terme anglais développé correspopdant «assog
equigment».

3.1.6
matgriel auxiliaire

AuxEq

périphérique faisant partie du systéme en essai

Note|1 a [l'article: L’abréviation «AuxEq» est dérivée du terme anglais\‘développé correspondant «au
equigment».

3.1y
norme de base

norme de portée générale ou qui comporte des_dispositions d'ensemble pour un dom
part|culier

Note|1 a I'article: Une norme de base peut étre utilisee comme une norme d'application directe ou servir de
a d'apitres normes.

[SOURCE: ISO/IEC Guide 2:2004, définition 5.1 [6]]

3.1.8
céable coaxial
cable comportant une ou, pldsieurs lignes coaxiales, généralement utilisé pour réaliser

es a leur sortie du volume d’essai au cours

nent

iated

iliary

Aine

base

une
r de
b de

des

sur des cabl

Note 1 a l'article: L’abréviation «CMAD» est dérivée du terme anglais développé correspondant «common-mode

absorption device».

[SOURCE: CISPR 16-1-4:2010, 3.1.4]

3.1.10
évaluation de la conformité

démonstration que des exigences spécifiées relatives a un produit, processus, systeme,

personne ou organisme sont respectées

Note 1 a l'article: Le domaine de I'évaluation de la conformité comprend des activités définies ailleurs

dans

I''SO/IEC 17000:2004 [7] telles que les essais, l'inspection et la certification, de méme que l'accréditation des

organismes d’évaluation de la conformité.
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[SOURCE: ISO/IEC 17000:2004, 2.1, modifiée — La note 2 a été supprimée.]

3.1.11

perturbation continue

perturbation RF de durée supérieure a 200 ms a la sortie en fréquence intermédiaire d'un
récepteur de mesure, qui provoque une déviation sur l'indicateur du récepteur de mesure, en
mode de détection de quasi-créte, et qui ne décroit pas immédiatement

[SOURCE: IEC 60050-161:1990, 161-02-11, modifiée — La définition a été modifiée.]

3.1.12

émiLsion
<élgctromagnétique> processus par lequel une source fournit de I'énergie électromagriétjque
verg |'extérieur

[SOPRCE: IEC 60050-161:1990, 161-01-08]

3.1.13

limite d'émission
<d'une source perturbatrice> valeur maximale spécifiée du niveaud*émission d'une sourcg de
perturbation électromagnétique

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

3.1.14

matgriel en essai
EUT
materiel (dispositifs, appareils et systémes), soumis aux essais de conformité pour la CEM
(émission et évaluation de la conformiteé)

Note[1 a l'article: L’abréviation «kEUT» est défivee du terme anglais développé correspondant «equipment ginder
test»

3.1.15

enceinte complétement anéchoique
FAR
enceinte dont les sixqsurfaces intérieures sont revétues d'un matériau absorbant| les
fréguences radioélectriques (c'est-a-dire un absorbeur RF) qui atténue I'éngrgie
électromagnétique dans la plage de fréquences considérée

Note[1 a l'articler) _k’abréviation «FAR» est dérivée du terme anglais développé correspondant «fully-anefhoic
room.

3.1.16

systeme d’antenne-cadre
LAS
systéme d’antenne consistant en trois antennes-cadres a orientation orthogonale utilisées
pour mesurer les trois moments magnétiques coulombiens orthogonaux d’'un EUT situé au
centre des trois antennes-cadres

Note 1 a l'article: L’abréviation «LAS» est dérivée du terme anglais développé correspondant «loop-antenna
system».

3.1.17
durées de mesure, de scrutation et de balayage

3.1.171

durée de mesure

Tm

durée effective et cohérente pour obtenir un résultat de mesure a une fréquence unique
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pour le détecteur de créte, la durée effective pour détecter le maximum de I'enveloppe du
signal,

pour le détecteur de quasi-créte, la durée effective pour mesurer le maximum de
I'enveloppe pondérée,

pour le détecteur de valeur moyenne, la durée effective pour effectuer la moyenne de
I'enveloppe du signal,

pour le détecteur de valeur efficace, la durée effective pour déterminer la valeur efficace
de I'enveloppe du signal

Note 1 & I'article: Dans certains domaines, la "durée de mesure" est également appelée temps de palier.

3.1.17.2
scrytation

vari

3.1.17.3
intervalle

Af

tion continue ou par pas de la fréquence dans un intervalle de fréquence donné

diff@rence entre la fréquence de départ et la fréquence d'arrivée /d'un balayage ou dfune

ScCr

3.1.17.4
balgyage

vari

3.1.17.5
vitegse de balayage ou de scrutation

inte

3.1.17.6

dur
T

S

tation

ation continue de la fréquence dans un intervalle de fréquence donné

valle de fréquence divisé par la durée de balayage ou de scrutation

¢e de balayage ou de scrutation

durde comprise entre la fréquence(de départ et la fréquence d'arrivée d’'un balayage ou dfune

scrutation

3.1.17.7

dur
T

(o]

mul

Note|1 a l'article:’ Si n est le nombre de balayages ou de scrutations, alors T, =n x T,..

3.1.
dur
Tiot

¢e d'observation

somllme des durées)de mesure T,, a une certaine fréquence dans le cas de balayages

iples

178
éetotale d'observation

durée effective pour une vue d'ensemble du spectre (soit en balayage simple soit en
balayages multiples)

Note 1 a l'article: Si ¢ est le nombre de canaux dans une scrutation ou un balayage, alors T,

3.1.

ot=cxnxT..

18

récepteur de mesure

app

areil de mesure tel qu'un voltmetre accordable, un récepteur de brouillage

électromagnétique, un analyseur de spectre ou un appareil de mesure a FFT, avec ou sans
présélection, qui est conforme a la CISPR 16-1-1
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3.1.19

nombre de balayages par unité de temps

ng

inverse de la somme de la durée de balayage et de la durée du retour, c’est-a-dire 1/(durée
de balayage + durée du retour)

Note 1 a l'article: Balayages par seconde, par exemple.

3.1.20
emplacement d’essai en espace libre
OATS
installation pour effectuer des mesurages et des éfalonnages dans laquelle Ta réflexion siir le
sol ¢st reproductible par un plan de masse de référence électriquement conducteur plat'gt de
grarde dimension

Note|1 a l'article: Un OATS peut étre utilisé pour les mesurages des perturbations rayonnées{ cas dans lequel il
est également appelé COMTS. Un OATS peut également étre utilisé pour les étalonnages d’antennes, cas|dans
lequgl il est appelé CALTS.

Note[2 a I'article: Un OATS est un site en extérieur non protégé, suffisamment éloigné des batiments, l|gnes
électfiques, clotures, arbres, cables enterrés, canalisations et autres objets réfléchissants potentiels, de sort¢ que
les effets dus a ce type d’objets soient négligeables. Voir la CISPR 16-1-4 pours/des lignes directrices concefnant
la copstruction d’'un OATS.

Note[3 a I'article: L’abréviation «OATS» est dérivée du terme anglais déveldppé correspondant «open-areg test
site»

3.1.21

norme de produit
norme qui spécifie les exigences auxquelles doit satisfaire un produit ou un groupg de
produits pour assurer son/leur aptitude a I'emp]ai

Note|1 a l'article: Une norme de produit peutycomporter, outre les exigences d’aptitude a I'emploi| soit
direcfement, soit par référence, les éléments relatifs a la terminologie, a I’échantillonnage, a I’essai, a I’emballage,
a I’étlquetage et parfois des exigences de procédé:

Note[2 a lI'article: Une norme de produit peut étre compléte ou non, selon qu’elle spécifie les exiggnces
nécepsaires en totalité ou en partie. En *gecurrence, on peut établir une distinction entre les normes telles qlie les
normes dimensionnelles, les normes relatives-aux matériaux ou les normes techniques de livraison.

[SOURCE: ISO/IEC Guide 2, /définition 5.4]

3.1.p2

chambre semi-anéchoique
SACQ
enceinte blindée* dans laquelle cinq des six surfaces internes sont revétues d'un matgriau
absorbant les fréquences radioélectriques (c'est-a-dire un absorbeur RF) qui atténue I'éngrgie
électromagnetique dans la plage de fréquences considérée et dont la surface horizontale
infériedre“est un plan de masse de référence conducteur destiné a étre utilisé aveq les
montages d’essai dans les emplacements d’essai en espace libre (OATS)

Note 1 a I'article: L’abréviation «SAC» est dérivée du terme anglais développé correspondant «semi-anechoic
chamber».

3.1.23

configuration d'essai

combinaison permettant d'obtenir la disposition de mesure spécifiée pour le matériel en essai
permettant la mesure d'un niveau d'émission

3.1.24

pondération

conversion (principalement réduction) dépendant de la fréquence de répétition d’impulsions
(PRF — pulse repetition frequency) d'un niveau de détection d’impulsions de créte en une
indication correspondant a I'effet des perturbations sur la réception radio
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1 a l'article: Pour le récepteur analogique, la géne psychophysique des perturbations est une grandeur
subjective (habituellement acoustique ou visuelle), et non un certain nombre d’incompréhensions d'un texte parlé.

2 a l'article: Pour le récepteur numérique, l'effet des perturbations est une grandeur objective qui peut étre
définie soit par le taux d'erreur critique sur les bits (BER — bit error ratio) ou la probabilité d'erreur sur les bits (BEP
— bit error probability) pour lesquels une correction d'erreur parfaite peut encore apparaitre, soit par un autre
paramétre objectif et reproductible.

3 a l'article: Pondération de perturbations impulsives, par example.

3.1.24.1
mesurage pondéré d’une perturbation

mes

3.1.

cargctéristique de pondération

nive
radi
der

3.1.

détecteur a pondération
détgcteur fournissant une fonction de pondération approuvée

3.1.
fact

vale

Note

3.1.

fongtion de pondération ou courbe de pondération

rela

congtant d’'un récepteur de mesure avec un détecteur a pondération, c'est-a-dire la courb
répgnse d'un récepteur de mesure (pour des impulsions répétées

3.1.

mesurage
progessus consistant a\obtenir expérimentalement une ou plusieurs valeurs que I'on

rais
[SO

3.1.

essai
opéTation technique qui consiste a déterminer une ou plusieurs caractéristiques d'un pro

vale[jr de la fonction de pondération par rapport a une€ PRF de référence ou par rapport

urage d’'une perturbation a 'aide d’un détecteur a pondération

p4.2
au de tension de créte en fonction de la PRF ayant un effet constant sur un‘systém

bdiocommunication lui-méme

P4.3

P4.4
pur de pondération

r de créte

1 a l'article: Le facteur de pondération est exprimécenydB.

p4.5

ion entre le niveau de tension d'entrée de créte et la PRF pour l'indication de ni

p5

bnnablement attribuer a une grandeur

JRCE: ISO/AEC Guide 99:2007, 2.1 [9]2, modifiée — Les notes 1 & 3 ont été supprimée

P6

bcommunication spécifique, c'est-a-dire que la perturbation est pondérée \par le systg

- D
3 a
o o

ala

eau
b de

beut

duit,

processus ou service donné, selon un mode opératoire spécifié

Note

1 a l'article: Un essai est destiné a mesurer ou a classer une caractéristique ou une propriété d'une entité
en appliquant a celle-ci un ensemble d'exigences et de conditions d'environnement et de fonctionnement.

[SOURCE: IEC 60050-151:2001, 151-16-13] [10]

3.1.27
fréquence interne la plus haute
fréquence la plus haute générée ou utilisée avec le matériel en essai (EUT) ou fréquence la

plus

haute a laquelle I'EUT fonctionne ou s'accorde

2 Les chiffres entre crochets font référence a la Bibliographie.
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3.1.28

module
partie d'un matériel en essai (EUT) remplissant une fonction et pouvant contenir des sources
de fréquences radioélectriques

les

3.2 Termes abrégés

Les abréviations suivantes, ne figurant pas déja en 3.1, sont utilisées dans la présente
norme.

AM Amplitude modulation (Modulation d’amplitude)

AV Average (Moyenne)

BB Broadband (Large bande)

Cw Continuous wave (Emission & ondes entretenues)

DPA Distribution de probabilité des amplitudes

FFT Fast-Fourier transform (Transformée de Fourier rapide)

Fl Fréquence intermédiaire

FM Frequency modulation (Modulation de fréquence)

ISM Industriel, scientifique et médical

LPDA Log-periodic dipole array (Réseau de dipbles lag-périodiques)

NB Narrowband (Bande étroite)

NSA Normalized site attenuation (Affaiblissentent normalisé de I'emplacement)
PRH Pulse repetition frequency (Fréquence“de répétition d'impulsions)

RBW Resolution bandwidth (Largeur de*bande de résolution)

RF Radiofréquence — fréquence radioélectrique

RGH Reference ground plane (Plan de masse de référence)

QP Quasi-peak (Quasi-créte)

TEM Transverse electromagnetic (Electromagnétique transverse)

UFA Uniform field area.(Zone de champ uniforme)

VBW Video bandwijdth (Largeur de bande vidéo)

4 [Types de perturbations a mesurer

4.1 | Généralites

Le présentiarticle décrit la classification des différents types de perturbations et
détgcteurs adaptés a leur mesurage.

4.2

Types de perturbations

Pour des raisons physiques et psychophysiques3 dépendant de la répartition spectrale, de la
largeur de bande du récepteur de mesure, de la durée, du rythme d'apparition et du degré de
nuisance lors de I'évaluation et du mesurage des perturbations radioélectriques, les types de
perturbations suivants sont distingués:

a) perturbations continues a bande étroite, c'est-a-dire sur des fréquences discrétes, par
exemple les composantes fondamentales et les harmoniques produits intentionnellement
pour générer I'énergie RF dans les matériels ISM (Industriels, scientifiques et médicaux),
constituant un spectre de fréquences composé uniquement de raies spectrales

3 p

sychophysique signifie relation psychologique entre un stimulus physique et une réponse sensorielle.
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individuelles dont la séparation est supérieure a la largeur de bande du récepteur de
mesure de maniére a ce qu'une seule raie s'inscrive dans la largeur de bande au cours du
mesurage, par opposition a b);

perturbations continues a large bande, normalement produites non intentionnellement par
les impulsions répétées, par exemple de moteurs a collecteur, et présentant une
fréquence de répétition inférieure a la largeur de bande du récepteur de mesure de
maniére que deux raies spectrales ou plus s'inscrivent dans la largeur de bande au cours
du mesurage; et

perturbations discontinues a large bande produites également non intentionnellement par
des commutations mécaniques ou électroniques, par exemple les thermostats ou

PTOgTammateurs aveT Une fréquence e Tepetitfom—mférieure a4+ Hz (cadence (des

¢laguements inférieure a 30/min).

spectres de fréquences de b) et c) se caractérisent par un spectre continu,.dans le|cas

d'impulsions individuelles (uniques), et par un spectre discontinu, dans le cas\d'impulsjons
répétées, les deux spectres étant caractérisés par une plage de fréquences plus large qye la

largeur de bande du récepteur de mesure spécifié dans la CISPR 16-1-1.

4.3
En

récgpteur de mesure équipé:

a)

b)

c)

d)

Les

5

Pour ce qui concerne la connexion de matériel de mesure, de récepteurs de mesure et de
materiel d’appoint, par exemple des antennes, le cible de connexion entre le récepteu

Fonctions de détection

fonction des types de perturbations, les mesurages peuventétfe effectués au moyen d'un

d’'un détecteur de valeur moyenne utilisé généralement pour le mesurage |des
perturbations a bande étroite et des signaux, et plus particulierement pour différencief les
perturbations a bande étroite des perturbations aJdarge bande;

d’un détecteur de quasi-créte utilisé pour le mesurage pondéré des perturbations a large
bande permettant I'évaluation des nuisances audibles pour un auditeur radiophonigue,
mais également des perturbations a bandeg, étroite;

d'un détecteur quadratique moyen utilisé pour le mesurage pondéré des perturbations a
large bande permettant I'évaluation de'I'effet des perturbations impulsives sur les serVices
de radiocommunication numériquesmais également des perturbations a bande étroite;

d’'un détecteur de créte pouvant étre utilisé pour le mesurage des perturbations so¢it a
lerge bande, soit a bande étroite.

récepteurs de mesure comportant ces détecteurs sont spécifiés dans la CISPR 16-1-1.

Connexion du'matériel de mesure

de

mesjure et-le matériel d’appoint doit étre blindé et son impédance caractéristique doit [étre
adaptée\d/ I'impédance d'entrée du récepteur de mesure. La sortie du matériel d'appoint|doit

étre|terminée par I'impédance spécifiée.

6

6.1

Exigences et conditions générales de mesure

Généralités

Les mesurages des perturbations radioélectriques doivent étre:

reproductibles, c'est-a-dire indépendants de [I’emplacement de mesure et de
I'environnement, plus particulierement du bruit ambiant; et

sans interactions, c'est-a-dire que la connexion de 'EUT au matériel de mesure ne doit
influencer ni le fonctionnement de 'EUT ni I’exactitude du matériel de mesure.

Ces exigences peuvent étre satisfaites en respectant les conditions suivantes:
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a) existence d'un rapport signal sur bruit suffisant au niveau de mesure souhaité,
exemple au niveau de la limite de perturbation appropriée;

par

b) existence d'installation de mesure, des conditions de raccordement et de fonctionnement

de 'EUT définies.
6.2 Perturbation non produite par le matériel en essai

6.2.1 Généralités

Le rapport signal sur bruit de mesure, eu égard au bruit ambiant, doit satisfaire aux exigences
suivantes. Si le bruit ambiant dépasse le niveau exigé, cela doit étre consigné dans le rapport

d'espai.

6.2. Essais (d’évaluation) de conformité

Un ¢mplacement d'essai doit permettre de distinguer les émissions de 'EUT du bruit amb
Il cgnvient que le niveau de bruit ambiant soit de préférence de 20 dB inférieur au nivea
mesure souhaité, mais au moins de 6 dB inférieur a ce niveau. Pour la_condition de 6 df

ant.
I de
B, le

niveau de perturbation apparent venant de PEUT est augmenté d'une valeur pouvant atteipdre

3,5

1B. L'aptitude de I'emplacement pour le niveau ambiant exigé ipeut étre déterminée en

mesurant le niveau de bruit ambiant avec le matériel d'esSai en place, mais hors

fongtionnement.

Lorg de I'évaluation de la conformité par rapport a une limite, il est admis que le niveal de

brui

ambiant dépasse le niveau préférentiel de -6 dB,, a(condition que les niveaux comblinés

de bruit ambiant et d'émission de la source ne dépassent pas la limite spécifiée. L’'EUT| est

alor
con

a I'Annexe A.

6.3
6.3.

5 considéré comme satisfaisant a la limite, )Des recommandations complémentgires
ernant le mesurage des perturbations en présence d'émissions ambiantes sont données

Mesurage d'une perturbation continue

( Perturbation continue a bande étroite

Le rgglage du récepteur doit étre maintenu sur la fréquence discréte examinée et modifié [si la

fréq

6.3.

lence fluctue.

p Perturbation continue a large bande

Pour évaluer une perturbation continue a large bande dont le niveau n'est pas stabl¢, la
valejur maximale reproductible de mesure doit étre déterminée. Voir 6.5.1 pour de plus amjples
informations.

6.3.3 Utilisation d'analyseurs de spectre et de récepteurs a scrutation

Les

analyseurs de spectre et les récepteurs a scrutation sont utiles pour mesurer| les

perturbations, particulierement aiin_de reduire la duree de mesure. Une atiention toute
particuliere doit cependant étre accordée a certaines caractéristiques de ces instruments,
notamment: la surcharge, la linéarité, la sélectivité, la réponse normale aux impulsions, la
vitesse de scrutation en fréquence, l'interception du signal, la sensibilité, I'exactitude en
amplitude et la détection de créte, de valeur moyenne et de quasi-créte. Ces caractéristiques
sont examinées a I’Annexe B.

6.4

Configuration et conditions de mesure de ’EUT

L’EUT doit fonctionner dans les conditions suivantes.
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6.4.1 Configuration générale de 'EUT
6.4.1.1 Généralités

Lorsque ce n'est pas spécifié dans la norme de produit, 'EUT doit étre configuré comme
décrit ci-dessous.

L’EUT doit étre installé, disposé et doit fonctionner d'une fagon compatible avec ses
applications types. Lorsque le fabricant a spécifi€¢ ou recommandé une pratique d'installation,
cette pratique doit étre utilisée si possible dans la configuration d'essai. Cette configuration
doit étre le type de pratique normale d'installation. Les cables, charges et dispositifs
d’inferface doivent &fre raccordés a au moins un acces dinferface de chaque type de TEUT
et, [lorsque la pratiqgue le permet, chaque cable doit étre raccordé a un dispgsitif
cardctéristique d'une utilisation réelle.

Lorgqu'il y a plusieurs accés d'interface du méme type, des cébles d'interconnexion, |des
changes et des dispositifs supplémentaires peuvent devoir étre ajoutés al*EUT, en fongtion
des|résultats des essais préliminaires. Le raccordement d'un cable ou d'un’conducteur & un
seul accés de ce type d'accés peut étre suffisant. Le nombre réel de céables oy de
condlucteurs supplémentaires peut étre limité aux cas ou lI'ajout~d'un autre cablg ou
condlucteur n'influe pas significativement sur le niveau d'émissioq)-c'est-a-dire qu'il vari¢ de
moins de 2 dB, a condition que I'EUT reste conforme. La.Yjustification du choix d
configuration et du chargement des accés doit étre incluse dans-e rapport d'essai.

D
)

Il cgnvient que les cébles d'interconnexion soient du type\.et de la longueur spécifiés dang les
exigences concernant le matériel individuel. Si la lengueur peut étre modifiée, celle-ci|doit
étre[choisie de maniére a produire un maximum de{perturbation.

Si des cables blindés ou particuliers sont “utilisés pendant les essais pour obtenir la
conlormité, une note doit alors étre incluse“dans le manuel d'instructions, informant de la
nécegssité d'utiliser de tels cables.

Les[longueurs de cables en excés doivent étre disposées en faisceau, approximativement au
miligu du cable, la longueur des faisceaux allant de 30 cm a 40 cm. S'il s'avére impossibl¢ d'y
parvenir en raison de I'encombrement ou de la rigidité des cables, la disposition du cablg en
exces doit étre notée précisément dans le rapport d'essai.

Les|résultats d'une évaluation d’EUT comportant un module de chaque type peuvent |[étre
appliqués a des configurations comportant plusieurs de ces modules. Ceci est admis, dar il
s'est avéré que des._perturbations provenant de modules identiques ne sont généralement|pas
additives dans_la\pratique. Toutefois, le critére de 2 dB défini dans le présent article doit|étre

appliqué.

Touj ensemble de résultats doit étre accompagné d'une description compléte du cablage et
de Iorlentatlon du materlel de fac;on a pouv0|r reproduwe Ies resultats Si des condllons
d'uti ] [ dittons d
spécifiées et documentées, par exemple, la Iongueur de céble, Ie type le blindage et la mise
a la masse des céables. Ces conditions doivent étre incluses dans les instructions destinées a
I'utilisateur.

Un matériel contenant plusieurs modules (tiroir, carte enfichable, plaque, etc.) doit étre
soumis aux essais avec un mélange et un nombre représentatifs de ce qui est utilisé dans
une installation type. Le nombre réel de plaques ou de cartes enfichables du méme type peut
étre limité aux cas ou I'ajout d'une autre plaque ou carte enfichable n'influe pas
significativement sur le niveau d'émission, c'est-a-dire qu'il varie de moins de 2 dB, a
condition que 'EUT reste conforme. La justification utilisée pour choisir le nombre et le type
de modules doit é&tre mentionnée dans le rapport d'essai.
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Un systéme constitué d'un certain nombre d'unités séparées doit étre configuré de maniére a
former une configuration représentative minimale. Le nombre et le mélange d'unités incluses
dans la configuration d'essai doivent étre représentatifs de ce qui est utilisé dans une
installation type. La justification utilisée pour choisir les unités doit étre mentionnée dans le
rapport d'essai.

Au minimum un module de chaque type doit étre fonctionnel dans chaque matériel évalué
d'un EUT. Pour un EUT faisant partie d'un systéme, au minimum un matériel de chaque type
pouvant étre inclus dans la configuration possible du systéme doit étre inclus dans I'EUT.

te a
GP,
non

condluctrice.

Le matériel concu pour fonctionner monté sur un mur ou monté au plafondfdoit étre solimis
aux|essais comme I'EUT posé sur une table. L'orientation du matériel doit étre cohérgnte
ave¢ la pratique d'installation normale.

Les| combinaisons de types de matériels identifiés ci-dessus)_doivent également |étre
disppsées d'une maniére cohérente avec la pratique d'installation’ hormale. Le matériel congu
a la| fois pour fonctionner posé sur une table et posé au sol)doit étre soumis aux egsais
comme un matériel posé sur une table, sauf si l'installation habituelle est posée au|sol,
auquel cas cette configuration doit étre utilisée.

Les [extrémités des cébles de signaux reliés a 'EUT qui ne sont pas raccordées a une dutre
unit¢ ou a un autre matériel auxiliaire doivent. étre terminées en utilisant I'impédance¢ de
fermeture correcte définie dans la norme de produit.

Les|cables ou autres connexions a du matériel associé situé en dehors de la zone d'gssai
doivent pendre jusqu'au sol, puis étre~acheminés jusqu'a I'emplacement ou ils quittent le
volume d'essai.

Le matériel auxiliaire doit étrelinstallé conformément & la pratique d'installation normale.
Lorgdque ceci signifie que le_matériel auxiliaire est situé sur 'emplacement d'essai, il doit|étre
configuré en utilisant les mémes conditions que celles qui sont applicables pour I'EUT |(par
exemple, distance par rapport au plan de masse et isolation par rapport au plan de mass¢ s'il
est posé au sol, et dispesition du cablage).

6.4.1.2 Configuration posée sur une table

Le matériell destiné a étre utilisé posé sur une table doit étre placé sur une table |non
condluctrice:” Les dimensions nominales de la table sont de 1,5m sur 1,0 m, mais ¢lles
peuyent finalement dépendre des dimensions horizontales de 'EUT.

Toutes les unités constituant le systéme en essai (incluant 'EUT, les périphériques et les
matériels ou dispositifs auxiliaires connectés) doivent étre disposées conformément a une
utilisation normale. Lorsqu'elle n'est pas définie dans l'utilisation normale, une distance de
séparation nominale de 0,1 m entre les unités voisines doit étre définie pour la configuration
d'essai.

Les cables intra-unités doivent pendre a I'arriere de la table. Si un cable pend jusqu'a moins
de 0,4 m du plan de masse horizontal (ou du sol), la partie en excés doit étre repliée au
centre du céble en formant un faisceau dont la longueur ne dépasse pas 0,4 m, de fagon que
le faisceau se trouve au moins a 0,4 m au-dessus du RGP horizontal.

Les cables doivent étre positionnés comme pour une utilisation normale.
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Si la longueur du cable d'entrée de la prise d'alimentation électrique est inférieure a 0,8 m (y
compris les alimentations intégrées dans la prise d'alimentation électrique), un céable
prolongateur doit étre utilisé de sorte que l'unité d'alimentation extérieure soit placée sur la
table. Le cable prolongateur doit avoir des caractéristiques similaires au cable d'alimentation
électrique (y compris le nombre de conducteurs et la présence d'une mise a la masse). Le
cable prolongateur doit étre traité comme une partie du cable d'alimentation électrique.

Dans les configurations ci-dessus, le cable situé entre 'EUT et I'alimentation doit étre disposé
sur la table de la méme maniére que les autres cables reliant les composants de 'EUT.

6.4.13—Configuration-posée-ausol

L’EUT doit étre placé sur le RGP horizontal, orienté pour une utilisation normale, mais_séparé
de tput contact métallique avec le RGP par une isolation allant jusqu'a 15 cm.

Les|cables doivent étre isolés (jusqu'a 15 cm) du RGP horizontal. Si le matériel exige|une
mise¢ a la masse dédiée, celle-ci doit alors étre prévue et reliée au plan de masse horizontal.

Les|céables intra-unité (entre des unités constituant 'EUT ou entt€OI'EUT et un matgriel
auxifiaire) doivent pendre du RGP horizontal, mais rester isolés de celui-ci. Toute parti¢ en
excés doit étre, soit repliée au centre du cable en un faisceauddont la longueur ne dépasse
pas| 0,4 m, soit disposée en serpentin. Si la longueur d'Gn) cable intra-unité n'est|pas
suffisante pour pendre jusqu'au RGP horizontal, mais pend(aymoins de 0,4 m, la longueur en
excés doit alors étre repliée au centre du cable en un faisceau dont la longueur ne dépasse
pas|0,4 m. Le faisceau doit étre positionné de facon a/setrouver a 0,4 m au-dessus du RGP
horizontal ou a la hauteur de I'entrée du cable ou du‘point de connexion si celui-ci se trouve a
moins de 0,4 m du RGP horizontal.

Poul un matériel avec une montée verticale de cables, le nombre de montées doit étre ¢elui
de la pratique d'installation type. Lorsquée.'la montée est réalisée dans un matériau |non
condlucteur, un espacement minimal d'au moins 0,2 m doit étre maintenu entre la partie la
plus| proche du matériel et le cable veftical le plus proche. Lorsque la structure de la moptée
est conductrice, I'espacement minimal de 0,2 m doit étre celui qui existe entre les partieg les
plus| proches du matériel et la structure de la montée.

6.4.1.4 Combinaisons de configurations de matériel posé sur une table et posé au|sol

La partie en excés des.cables intra-unités entre une unité posée sur une table et une ynité
pos¢e au sol doit étre repliée en un faisceau dont la longueur est inférieure ou égale a 0,4 m.
Le fpisceau doit étre) positionné de fagon a se trouver a 0,4 m au-dessus du RGP horizgntal
ou g la hauteur«de*l'entrée du céble ou du point de connexion si celui-ci se trouve a moing de
0,4 m du RGP\horizontal.

6.4.2 Fonctionnement de 'EUT

(BNl W | 1

LeS bUIIL“t;UIIb dC fUIIbt;UIIIIUIIIUIIt dc II:UT dUiVCIIt étlc détUllll;lléUb pat 1< fdbl; ant
conformément a ['utilisation type de I'EUT vis-a-vis du niveau d'émission le plus élevé
attendu. Le mode de fonctionnement déterminé et la justification du choix des conditions de
fonctionnement doivent étre mentionnés dans le rapport d'essai.

L'EUT doit étre utilisé avec la plage de tensions de fonctionnement assignées (nominales) et
les conditions de charge type (mécanique ou électrique) pour lesquelles il est congu. Il
convient d'utiliser des charges réelles chaque fois que possible. Si un simulateur est utilisé,
celui-ci doit représenter la charge réelle vis-a-vis de sa fréquence radio et de ses
caractéristiques fonctionnelles.

Il convient que les programmes d'essai ou les autres moyens de vérification du matériel
garantissent que les diverses parties d'un systéme sont vérifiées d'une maniére permettant la
détection de toutes les perturbations du systéme.
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6.4.3 Durée de fonctionnement de PEUT

La durée de fonctionnement, dans le cas d’EUT avec une durée de fonctionnement assignée
donnée, doit étre conforme au marquage. Dans tous les autres cas, 'EUT doit étre en
fonctionnement continu au cours de I'essai.

6.4.4 Durée de fonctionnement préalable de 'EUT

Aucune durée de fonctionnement préalable particuliere n'est spécifiée, mais, avant d'effectuer
les essais, 'EUT doit avoir fonctionné pendant une durée suffisante pour que ses modes et
conditions de fonctionnement soient représentatifs de ceux qui se présentent au cours de la
vie mformale du matériel. Pour cerfains EUT, cerfaines conditions particuliéeres d'essai peujent
étre[spécifiées dans les normes de produits applicables.

6.4.9 Alimentation de 'EUT

L'EYUT doit étre alimenté a sa tension assignée. Si le niveau de perturbation Varie
consgidérablement avec la tension d'alimentation, les mesurages doivent étre’répétés pour|des
tengions d'alimentation sur la plage comprise entre 0,9 et 1,1 fois la.tension assignée.|Les
EUT| prévus pour plusieurs tensions assignées doivent étre soumishaux essais a la tension
assignée qui provoque la perturbation maximale.

6.4.6 Mode de fonctionnement de 'EUT

L’'EUT doit fonctionner dans les conditions pratiques qui provoquent la perturbation maximale
a lajfréquence de mesure.

6.4.Y Fonctionnement d'un matériel a fonctions multiples

Un matériel a fonctions multiples, qui est soumis simultanément a différents articles dfune
norme de produit et/ou de normes différentes, doit étre soumis a des essais, chaque fongtion
étant mise en fonctionnement seule, siteela peut étre obtenu sans modification interng¢ du
materiel. Le matériel ainsi soumis aux’ essais doit étre considéré comme satisfaisant|aux
exigences de tous les articles et/ou normes lorsque chacune de ses fonctions a satisfait|aux
exigEnces de l'article et/ou de la nerme applicable(s).

Poul un matériel dont I'essai’ de chaque fonction mise en fonctionnement seule n'est|pas
réalisable, ou lorsque liessai séparé d'une fonction particuliére rendrait le matériel inaplle a
remplir sa fonction primaire, ou lorsque le fonctionnement simultané de plusieurs foncfjons
produirait une écenomie de durée de mesure, le matériel doit étre considéré comme
satigfaisant s'il répond aux dispositions des articles et/ou normes pertinent(e)s, lorsqug les
fondtions nécessaires sont mises en fonctionnement.

6.4.8 Détermination de la ou des configurations provoquant des valeurs d'émissign
maximales

Un essai initial doit identifier la fréquence ayant la plus forte perturbation par rapport a la
limite. Cette identification doit étre effectuée pendant le fonctionnement de 'EUT dans les
modes de fonctionnement types et avec les positions des cébles dans une configuration
d'essai représentative d'une pratique d'installation type.

La fréquence de plus forte perturbation par rapport a la limite doit étre déterminée en étudiant
les perturbations a plusieurs fréquences significatives. Ceci permet d'assurer que la
fréquence probable de perturbation maximale a été déterminée et que le cable associé, la
configuration et le mode de fonctionnement de 'EUT ont été identifiés.

Pour l'essai initial, il convient de configurer 'EUT conformément aux normes de produits,
selon le cas.
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6.4.9 Enregistrement des mesurages
Parmi les perturbations ci-dessus (L —20dB), ou L est le niveau limite en unités

logarithmiques, les niveaux de perturbation et les fréquences au minimum des six
perturbations les plus fortes doivent étre enregistrés.

Pour les perturbations rayonnées, la polarisation de I'antenne et la hauteur pour chaque
perturbation consignée doivent étre enregistrées.

6.5 Interprétation des résultats de mesure

6.5.1 Perturbations continues
a) $%i le niveau de perturbation n'est pas stable, la lecture sur le récepteur de mesurg est
observée pendant au moins 15 s pour chaque mesurage. Les indications les _plus éleyées
doivent étre enregistrées, a l'exception de tout claquement isolé, qui _doit" étre ighoré
voir 4.4 de la CISPR 14-1:2016).

b) $i le niveau général de perturbation n'est pas stable, mais présentemne augmentatiop ou
Une diminution continue supérieure a 2 dB pendant une période de45s, alors les nivgaux
de tension perturbatrice doivent étre observés pendant une période plus longue et doivent
étre interprétés en fonction des conditions normales d'utilisation de 'EUT, comme suit

1) si 'EUT peut étre allumé ou éteint fréquemment ou si‘soh sens de rotation peut|étre
inversé, il convient alors, pour chaque fréquence de mesure, d'allumer ou d'inverser le
sens de rotation du matériel en essai juste avant ghaque mesurage, puis de I'éteipdre
juste aprés. Le niveau maximal obtenu durant la premiére minute, pour chgque
fréquence de mesure, doit étre enregistré;

A-
~

si 'EUT fonctionne habituellement pendant.de plus longues durées, il convient alors de
le laisser allumé pendant toute la durée.de |'essai. Le niveau de perturbation doit|étre
enregistré pour chaque fréquence, majs uniquement aprés avoir obtenu une ledture
stable (sous réserve de la satisfactiogn'du point a)).

c) $i la nature des perturbations de;FEUT passe d'un caractére stable a un caraqtéere
aléatoire au cours d'un essai, 'EU\F doit alors étre soumis a I’essai conformément au pgoint
).

d) lLles mesurages sont effectués sur le spectre complet et enregistrés au moins a la

1réquence qui offre la valeur lue la plus élevée, comme exigé dans la publication CIBPR
pplicable.

6.5.2 Perturbations discontinues

Il n'existe actuellement aucune exigence pour le mesurage des perturbations discontinues
raygnnées.

6.5.8 Mesurage de la durée d'une perturbation

La durée d'une perturbation doit étre connue pour pouvoir la mesurer correctement et pour
déterminer si elle est discontinue. La durée d'une perturbation peut étre mesurée selon I'une
des maniéres suivantes:

e en connectant un oscilloscope a la sortie Fl (fréquence intermédiaire) d’un récepteur de
mesure pour pouvoir surveiller la perturbation dans le domaine temporel;

e en accordant un récepteur de brouillage électromagnétique ou un analyseur de spectre
sur la fréquence de la perturbation sans scrutation en fréquence (c'est-a-dire, en mode
«intervalle nul») pour pouvoir surveiller la perturbation dans le domaine temporel; ou

e en utilisant la sortie du domaine temporel d'un récepteur de mesure a FFT.

Des recommandations concernant la détermination de la durée appropriée de mesure peuvent
étre consultées en 8.3.
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6.6 Durées de mesure et vitesses de scrutation pour les perturbations continues
6.6.1 Généralités

Pour les mesurages manuels et pour les mesurages automatiques ou semi-automatiques, les
durées de mesure et les vitesses de scrutation des récepteurs de mesure et des récepteurs a
scrutation doivent étre réglées afin de mesurer I'émission maximale. Plus particulierement,
lorsqu'un détecteur de créte est utilisé pour une préscrutation, les durées de mesure et les
vitesses de scrutation doivent prendre en compte le rythme de I'émission en essai. Des
recommandations plus détaillées sur I'exécution des mesurages automatiques peuvent étre
consultées a I’Article 8.

6.6.2 Durées minimales de mesure

Les|durées (temps de palier) de mesure minimales sont données au Tableau 1(/.es dufées
minimales de scrutation des mesurages pour chaque bande CISPR dans son-intégralit§ ont
été fgéduites a partir du Tableau 1 et elles figurent dans le Tableau 2. Ces durées minimjales
(temps de palier) de mesure pour les récepteurs a scrutation et les instruments de mesure a
FFT[du Tableau 1 et les durées de scrutation pour les analyseurs de spectre du Tablepu 2
s'appliquent a des signaux en ondes entretenues (CW).

En putre, le rapport d'essai doit comprendre la valeur de l'iacertitude de l'instrument de
mesjure, correspondant a l'installation d'essai utilisée, calcutée selon les exigences de la
CISPR 16-4-2.

Tableau 1 — Durées minimales de mesure pour les quatre bandes CISPR

Bande de fréquences Durées mmlmTaIes de mesure
m
A 9 kHz a 150 kHz 10,00 ms
B 0,15 MHz a 30 MHz 0,50 ms
CetD 30 MHz a;4'000 MHz 0,06 ms
E 1 GHz a 18 GHz 0,01 ms

Tableau 2 — Durées minimales de scrutation pour les trois bandes CISPR avec
détecteurs de créte et de quasi-créte

Bande de fréquence Durée de scrgtatiqn Durée de scrutation T$ pour une détectipn
Ty pour une détection de quasi-créte
de créte
A 9 kHz a 150 kHz 14,1s 2 820 s = 47 min
B 0,15 MHz a 30 MHz 2,985 s 5970 s =99,5 min =1 h 39 min
C et,D 30 MHz a 1 000 MHz 0,97 s 19 400 s = 323,3 min =5 h 23 min

En fonction du type de perturbation, la durée de scrutation peut devoir étre augmentée, méme
pour des mesurages de quasi-créte. Dans des cas extrémes, la durée de mesure T, a une
certaine fréquence peut devoir étre augmentée a 15 s, si le niveau de I'émission observée
n'est pas stable (voir 6.5.1). Toutefois, les claquements isolés sont exclus.

Les durées de mesure et les vitesses de scrutation utilisables avec un détecteur de valeur
moyenne sont données a I’Annexe C.

La plupart des normes de produits font appel a la détection de quasi-créte pour les
mesurages de conformité, ce qui peut prendre beaucoup de temps si aucune procédure de
réduction de la durée de mesure n'est appliquée (voir Article 8). Avant de pouvoir appliquer
une procédure de réduction de la durée de mesure, I'émission doit étre détectée par une
préscrutation. Afin de s’assurer que, par exemple, des signaux intermittents ne sont pas
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oubliés pendant une scrutation automatique, les considérations de 6.6.3 a 6.6.5 doivent étre

pris

6.6.

es en compte.

3 Vitesses de scrutation des récepteurs a scrutation et des analyseurs de spectre

Il est nécessaire de remplir I'une des deux conditions suivantes pour s'assurer que des
signaux ne sont pas oubliés pendant des scrutations automatiques sur les intervalles de
fréquences:

La

I'instrument et le réglage de la largeur de bande vidéo. Si la vitesse de scrutation choisig
trop|rapide pour un état donné de l'instrument, des résultats de mesure erronés sont obte

En
pou
soit

fréguence, soit par des balayages multiples avec maintien du maximum. Généralement,

une

effigace: tant que l'affichage du spectre se modifie, il peut exister encore des sign

inte
ave
vite

Lory de la détermination de la durée minimale’de balayage pour les mesurages ave

ana
bas

diff§rents doivent étre distingués. Si lajargeur de bande vidéo choisie est plus large gy

larg
min

pour un balayage unique: la durée de mesure pour chaque fréquence doit étre supérieure

aux intervalles entre impulsions pour les signaux intermittents;

pour des balayages multiples avec maintien du maximum: il convient que la.d
d'observation pour chaque fréquence soit suffisante pour intercepter desy‘sign
intermittents.

conséquence, il est nécessaire de choisir une durée de balayagessuffisamment lor
I'intervalle de fréquence considéré. Les signaux intermittents ‘petvent étre interce
par un simple balayage avec une durée d'observation suffisamment longue a cha

vue d'ensemble d'émissions inconnues, la deuxiémeé.-solution est particuliéren
mittents a découvrir. La durée d'observation doit étre_choisie en fonction de la périod

¢ laquelle les signaux brouilleurs apparaissent. Dans certains cas, une modification @
gse de balayage peut devoir étre effectuée poureviter des effets de synchronisation.

lyseur de spectre ou un récepteur de_hrouillage électromagnétique a scrutation, st
d'un réglage donné de l'instrument®et en utilisant une détection de créte, deux

bur de bande de résolution, I'expression suivante peut étre utilisée pour calculer la d
imale de balayage:

Af

2
Bres

Tsmin =k x

ou
Ts min est la durée minimale de balayage,

Af est I'intervalle de fréquence,

Ao est la largeur de bande de résolution, et

irée
aux

itesse de scrutation en fréquence est limitée par la largeur de bande de)résolution de

est
nus.
gue
ptés
que
bour
hent
aux
icité
e la

un
r la
cas
e la
irée

ks est |a constante de proportionnalité, relative a la forme du filtre de résolu

ion;

cette constante a une valeur estimée entre 2 et 3 pour des filtres a accord
synchrone, pratiquement gaussiens. Pour des filtres pratiquement

rectangulaires, a accord décalé, k a une valeur comprise entre 10 et 15.

Si la largeur de bande vidéo choisie est inférieure ou égale a la largeur de bande de
résolution, l'expression suivante peut étre utilisée pour calculer la durée minimale de
balayage:

Af

Ts min = kx—7"—
Bres Bvideo

OU Byiqeo €8t la largeur de bande vidéo.
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La plupart des analyseurs de spectre et des récepteurs de brouillage électromagnétique a
scrutation réglent automatiquement la durée de balayage en fonction de l'intervalle de
fréquence choisi et des réglages de largeur de bande. La durée de balayage est réglée pour
maintenir un affichage étalonné. La sélection automatique de la durée de balayage peut étre
annulée si des durées d'observation plus longues sont exigées, par exemple pour intercepter
des signaux a variation lente.

De plus, pour les balayages répétitifs, le nombre de balayages par seconde est déterminé par
la durée de balayage T i, et le temps de retour (durée nécessaire pour réajuster |'oscillateur
local et pour enregistrer les résultats de mesure, etc.).

6.6.4 Durées de balayage pour les récepteurs a accord par palier

Les| récepteurs de brouillage électromagnétique a accord par palier sont <accofdés
sucgessivement sur des fréquences ponctuelles en utilisant des largeurs de pas_ ‘prédéfinpies.
Touf en couvrant la plage de fréquences concernée par des pas discrets de. frequence, un
temps minimal de palier a chaque fréquence est exigé pour que l'instrument mesure de facon
préqgise le signal d'entrée.

Pouf le mesurage réel, l'utilisation d’'un pas de fréquence d'environ*50 % de la largeur de
bange de résolution utilisée, ou moins (en fonction de la forme du filtre de résolution) est
exigge pour réduire I'incertitude de mesure due a la largeur dda-pas pour les signaux a bande
étrofte. Avec ces hypothéses, la durée de scrutation Ty ;4" pPour un récepteur a accord| par
palier peut étre calculée en utilisant I'équation suivante:

A
Tsmin = Tmmin XOST{ (3)
9 Dres

oU Ty, min ©st la durée minimale de mesure«(t€émps de palier) & chaque fréquence.

En [plus de la durée de mesure,- Uhe certaine période de temps doit étre prisg en
congidération pour que le synthétiseur passe a la fréquence suivante et pour quge le
micrologiciel enregistre le résultat-de mesure, ce qui est réalisé automatiquement dans la
plupart des récepteurs, de telle’sorte que la durée de mesure choisie est la durée réelle pour
obtgnir le résultat de mesurex.De plus, le détecteur choisi, par exemple de créte ou de gyasi-
créte, détermine également eette durée.

Poul des émissions.purement a large bande, le pas de fréquence peut étre augmenté. Dans
ce tas, l'objectif ‘consiste a déterminer uniquement les valeurs maximales du spgctre
d'émission.

6.6.5 Stratégies pour I’obtention d’'une vue d'ensemble du spectre en utilisant le
detecteur de créte

Pourthaque mesurage par prescrutation, ta probabitited'imtercepter toutestestomposantes
spectrales critiques du spectre de 'EUT doit étre de 100 % ou aussi proche que possible de
100 %. En fonction du type de récepteur de mesure et des caractéristiques de la perturbation
pouvant contenir des composantes a bande étroite et a large bande, deux approches
générales sont proposées:

— scrutation par pas: la durée de mesure (temps de palier) doit étre assez longue pour
chaque fréquence pour mesurer la créte du signal, par exemple, pour un signal impulsif, il
convient que la durée de mesure (temps de palier) soit supérieure a l'inverse de la
fréquence de répétition du signal.

— scrutation continue: la durée de mesure doit étre supérieure aux intervalles entre les
signaux intermittents (balayage unique) et il convient de maximiser le nombre de
scrutations en fréquence pendant la durée d'observation pour augmenter la probabilité
d'interception du signal.
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La Figure 1, la Figure 2 et la Figure 3 donnent des exemples de la relation entre différents
spectres d'émission variant dans le temps et les affichages correspondants sur le récepteur
de mesure. Dans chaque cas, la partie supérieure de la Figure représente la position de la
largeur de bande du récepteur selon qu'il balaye le spectre en continu ou par pas.

A
f Balayages répétitifs avec maintien du maximum
/
Large
bandg
Banfle
étrojte
Largeur T ;L S T, <«
‘de bandeé FI P ; 7/‘ g : g 1 ;
: : — : : — : >
1 5 P 5 : !
<—§1er baIaSlage—» 4—2 eme balayage—> <—3 éme balayége_> 4—4 émeibalayagie—» 4_5 eme balayagej—»
Affithage |
dupeare‘ | ‘ ‘ ’ H “ ‘ ‘
‘ ‘ | | IIHI |I‘| ||; R
t\f
IEC
Légende:
T, est l'intervalle de répétition des impulsions du signal impulsif. Une impulsion se produit a chaque ligne verjicale
dp spectre en fonction de'échelle de temps de I'affichage (partie supérieure de la Figure).
Figure 1 —Mesurage d'une combinaison d'un signal en onde entretenue
a bande étroite et d'un signal impulsif a large bande en utilisant
des balayages multiples avec maintien du maximum
Si lg type«d‘émission est inconnu, des balayages multiples avec une durée de balayage gussi
counte ,que possible et une détection de créte permettent de déterminer l'enveloppg du
spectre./Un balayage unique court est suffisant pour mesurer le contenu d'un signal contihu a

bande étroite dans e specire d'un materiel en essai. Pour 1es signaux continus a large bande
et les signaux intermittents a bande étroite, des balayages multiples a différentes vitesses de
scrutation en utilisant la fonction «maintien du maximum» peuvent étre nécessaires pour
déterminer I'enveloppe du spectre. Pour des signaux impulsifs a faible répétition, il est
nécessaire d'effectuer de nombreux balayages pour remplir I'enveloppe du spectre de la
composante a large bande.

La réduction de la durée de mesure exige une analyse temporelle des signaux a mesurer.
Ceci peut étre effectué soit avec un récepteur de mesure qui fournit un affichage graphique
du signal, utilisé en mode «intervalle nul» ou en utilisant un oscilloscope raccordé a la sortie
Fl ou vidéo du récepteur, comme représenté a la Figure 2.
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NOTE Perturbation d'un moteur a collecteur a courant continu: en raison du nembre de segments du collecte]
fréquence de répétition d’'impulsions est élevée (environ 800 Hz) et I'amplitude‘des impulsions varie fortemen
consgquence, pour cet exemple, la durée de mesure (temps de palier) recommandée avec un détecteur de
est sppérieure a 10 ms.

A partir d’'une telle analyse temporelle, les durées des impulsions et leurs fréquences
répédtition peuvent étre déterminées, et les vitesses de scrutation ou les temps de p
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Figure 2 — Exemple d'analyse temporelle

ent étre sélectionnés en conséquence, dans les conditions suivantes:

pour les perturbations continues non modulées a bande étroite, la durée de scruta
la plus courte possible pour les réglages choisis de l'instrument peut étre utilisée;

our les perturbations purement continues a large bande, par exemple dues a
oteurs a allumage, des appareils de soudage a l'arc et des moteurs a collecteur,
gcrutation par pas (avec une; détection de créte ou méme de quasi-créte) peut étre util
our un échantillonnage du spectre d'émission. Dans ce cas, la connaissance du typ
ierturbation permet de dessiner une courbe en lignes brisées représentant I'envelopp
gpectre (voir Figure-8). La largeur du pas doit étre choisie de sorte qu'aucune varig
gignificative de l'énveloppe du spectre ne soit oubliée. Un mesurage par balayage uni
$'il est effectué‘suffisamment lentement, génére également I'enveloppe du spectre;

pour les perturbations intermittentes a bande étroite de fréquences inconnues,
alayages)courts et rapides avec la fonction «maintien du maximum» (voir Figure 4) o

esurage réel pour s'assurer d'une interception correcte du signal;

ur, la
t. En
créte

de
Blier

tion

des
une
isée
b de
B du
tion
jque,

des
) un

alayage lent peuvent étre utilisés. Une analyse temporelle peut étre exigée avanpt le

doivent étre mesurées avec

les

procédures d'analyse des perturbations discontinues, comme décrites dans
CISPR 16-1-1.

la
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fﬁ Scrutation par pas pour un échantillonnage du spectre d’émission
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Figure 3 — Spectre a large bande mesuré avec un récepteur a accord par palier
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NOTE 1 Le nombre de balayages exigés ou la-durée de balayage peuvent devoir étre augmentés, en foncti¢n de
la dufée des impulsions ou de leur intervalle dé.répétition.

NOTE 2 Dans cet exemple, cing balayages'sont exigés pour intercepter toutes les composantes spectrales.
Figure 4 — Perturbations intermittentes a bande étroite mesurées en utilisant

des balayages courts, rapides et répétitifs avec la fonction «maintien du maximum»
pour«obtenir une vue d'ensemble du spectre d'émission

6.6.6 Considérations temporelles concernant l'utilisation d'appareils de mesure a
FFT

Les |appareils’de mesure a FFT peuvent associer le calcul en parallele a N fréquences et|une

scrutation)par pas. Dans ce but, la plage de fréquences concernée est subdivisée enf un
certpindnombre de segments Ngoq qui sont scrutés en séquence. Le mode opératoirel est
présemnté— i ' : 2 . de
fréquences concernée Tg . iation €St calculée de la maniére suivante:

Tscrutation = Tm Nseg (4)
ou
T est la durée de mesure pour chaque segment, et
Ngeg est le nombre de segments.

Les appareils de mesure a FFT peuvent également fournir des méthodes pour améliorer la
résolution en fréquence sur une plage de fréquences donnée. Un appareil de mesure a FFT a
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généralement un pas de fréquence fixe f,,5Fpr Qqui est déterminé par le nombre de
fréquences de la FFT. Une résolution de frequence accrue est obtenue en effectuant des
calculs répétés sur une plage de fréquences donnée. Pour chaque calcul répété, la fréquence
la plus basse est incrémentée d'un pas de fréquence f, ;s final-

Ainsi, le premier calcul sur la plage de fréquences donnée prend en compte les fréquences
suivantes:

fmin’
fmin +fpas FFT>
Jmin t2LoasFrTF

fmin + 3fpas FFT

Le deuxieme calcul sur la plage de fréquences donnée prend en compte les.fréquences
suivpntes:

fmin +fpas final»
fmin +fpas final +fpas FFT:
fmin +fpas final T 2fpas FFT:

fmin +fpas final T 3fpas FFT

Ce mode opératoire, appliqué a un rapport de pas de 3, est présenté a la Figure 6.

La durée de scrutation T¢ . iation €St calculée de la maniéce suivante:

fpasFFT
Tscrutation = Im ———— (5)

fpasfinal

ou

T est la durée de mesure, et

Spa$ FFT

—] est le rapport de pas.

fpa final

Poul un systeme associant les_deux méthodes, la durée de scrutation Tg iation €St Calculée
de la maniéere suivante:

JpasFFT
seg —,
x pas final

NOTE 1 Les appareils de mesure a FFT peuvent combiner les deux méthodes, la scrutation par pas ainsi qp'une
méthpde d'améliofation de la résolution en fréquence.

Tscrutation = ZmY.

NOTE 2 pPes informations contextuelles supplémentaires sur la définition du récepteur de mesure a FFT pefivent
étre ¢onsultées dans la CISPR TR 16-3 [3].
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Figure 6 — Résolution en fréquence améliorée au moyen d'un appareil de mesure a FFT

7 Mesurage des perturbations rayonnées

7.1 Remarques introductives

Le présent article établit les procédures générales de mesure de I'amplitude du champ de
perturbation radioélectrique produit par des dispositifs et des systémes. L'expérience en
matiére de mesurage de perturbations rayonnées est moins étendue que celle relative aux
mesurages de la tension. Les procédures de mesure de perturbations rayonnées sont donc
susceptibles de faire l'objet de révisions et d'extensions, a mesure de l'avancée des
connaissances et de l'expérience. Une attention toute particuliére doit étre accordée a I'effet
des conducteurs et des cables associés a 'EUT. Le Tableau 3 fournit une liste récapitulative
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des emplacements et des méthodes d’essai d’émissions rayonnées CISPR, ainsi que des
références croisées associées aux paragraphes du présent document ou a d'autres
documents.

Pour certains produits, des mesurages des composantes électriques, magnétiques, ou les
deux, de la perturbation rayonnée peuvent étre exigés. Parfois, il est plus approprié de
mesurer une grandeur liée a la puissance rayonnée. Il convient normalement de mesurer a la
fois les composantes verticale et horizontale de la perturbation, par rapport au plan de masse
de référence. Les résultats de mesure des composantes électriques ou magnétiques peuvent
étre exprimés en valeurs de créte, de quasi-créte, moyennes ou efficaces.

La domposante magnétique de la perturbation est normalement mesurée a des fréquencep ne
dépassant pas 30 MHz. Lors du mesurage du champ magnétique, seule la conipospnte
horizontale du champ a l'emplacement de l'antenne de réception est mesurée lorsque la
prodédure de I'antenne a distance est appliquée. Si le systéme d’antenne-cadre (LAS - Joop
antgnna system) est utilisé, les trois moments magnétiques coulombienscorthogonaux de
FEUT sont mesurés. (Noter que dans la méthode a antenne unique, .1a compospnte
horigontale du champ a I'emplacement de I'antenne est déterminée /par les momgnts
coulombiens horizontaux et verticaux de 'EUT, en raison du rdle joué pat1a réflexion).

Tableau 3 - Plages de fréquences applicables et références de documents pour
les emplacements et les méthodes d’essai d’émissions rayonnées CISPR

Emplacement / méthode 9 kHz a 30 MHz 30 MHz a1 000 MHz 1 GHz a 18 GHz

Emplacement en extérieur tbd 7.3.8 n/a

LAS 7.2 n/a n/a

OAT$ ou SAC tbd 7.3 n/a

FAR n/a 7.4 7.6

Méthpde commune n/a 7.5 n/a

d’émission (Démarrage de I'immunité

rayonnée/Immunité rayonnée a 80 MHz)

rayornnée

OAT$ a revétement nla n/a 7.6

absofbant

In sity 7.7.2 7.7.3,7.7.4.2 7.7.3,7.743

Remplacement n/a 7.8 7.8

Chambre réverbérante n/a 7.9 7.9
(Démarrage a 80 MHz)

Guide d’onde TEM IEC 61000-4-20 7.10 7.10

n/a =/ non applicable; tbd = a déterminer ou a I'étude

7.2 | ‘Mesurages du systéme d’antenne-cadre (9 kHz a 30 MHz)

7.21 Généralités

Le systéme d’antenne-cadre (LAS) étudié dans le présent paragraphe est adapté au
mesurage en intérieur de 'amplitude du champ magnétique émis par un seul EUT dans la
plage de fréquences comprises entre 9 kHz et 30 MHz. L’amplitude du champ magnétique se
mesure en termes de courants induits dans le LAS par le champ magnétique perturbateur de
'EUT. Le LAS doit étre validé régulierement en appliquant la méthode décrite dans la
CISPR 16-1-4. La CISPR 16-1-4 fournit également une description compléte du LAS et une
relation entre les résultats de mesure obtenus avec le LAS et ceux obtenus conformément a
la description du présent paragraphe.
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7.2.2 Méthode générale de mesure

La Figure 7 présente le concept général sur lequel reposent les mesurages réalisés avec le
LAS. L’EUT est installé au centre du LAS. Le courant induit par le champ magnétique de
'EUT dans chacune des trois grandes antennes-cadres du LAS est mesuré en connectant la
sonde de courant de la grande antenne-cadre au récepteur de mesure (ou équivalent). Au
cours des mesurages, 'EUT reste en position fixe.

Les courants dans les trois grandes antennes-cadres, issus des trois composantes de champ
magnétique mutuellement orthogonales, sont mesurés en séquence. Chaque niveau de
courant mesuré doit respecter la limite d'émission, exprimée en dB(uA), comme spécifié dans
la nprme de produit. La limite d'émission doit s'appliquer & un LAS comportant de grafdes
antgnnes-cadres de diametre normalisé égal a 2 m.
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Figure 7 — Concept des mesurages des courants induits par un champ magnétique avec
le systéme d’antenne-cadre
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7.2.3 Environnement d’essai

La distance entre le périmétre extérieur du LAS et les objets environnants, tels que le sol et
les murs, doit étre au moins égale a 0,5 m. Les courants induits dans le LAS par un champ
RF ambiant doivent étre évalués conformément a la CISPR 16-1-4.

7.2.4 Configuration du matériel en essai

Afin d'éviter un couplage capacitif indésirable entre 'EUT et le LAS, les dimensions
maximales de 'EUT doivent laisser une distance minimale de 0,20 m entre ce dernier et les
grandes antennes-cadres de 2 m normalisées du LAS.

La

maximale du courant. En général, cette position n'est pas critique lorsque I'EUT_reSpec
limite d'émission conduite.

Dan
aug

a) |

b) |

7.2

Les

mesure des émissions sont mentionnés dans la CISPR 16-4-1.

7.3

7.3.

La grandeur a mesurer est I'amplitude de champ électrique maximale émise par 'EUT
fongtion de la polarisation horizontale et verticale et a des hauteurs comprises entre 1

4m

plan d’azimut. Cette grandeur doit étre déterminée compte tenu des dispositions suivanteq:

a)

b)

c)

d)

e)

—h
=

g)
h)

distance minimale de (0,1 x D) m, D représentant le diamefre du cadre non normalisé.

position du cordon d'alimentation doit étre optimisée pour permettre une _indug

5 le cas d'un EUT de taille importante, le diametre des antennes-cadres-du LAS peut
menté jusqu'a 4 m. Dans ce cas:

es valeurs du courant mesurées doivent étre corrigées conformément a I'Article B.6 ¢
CISPR 16-1-2; et

s dimensions maximales de 'EUT doivent laisser, entre FEUT et les grands cadres,

b Incertitude de mesure du systéme d’antenne-cadre

éléments généraux et fondamentaux a prendre_en compte concernant les incertitude

anéchoique (SAC) (30 MHz a 1 GHz)

| Mesurande

et avec une distance hornizontale de 10 m par rapport a 'EUT, sur tous les angles da

|la plage de fréquences concernée est comprise entre 30 MHz et 1 000 MHz;

a grandeurt\.doit étre exprimée en termes d’unités d’amplitude de champ
correspondent aux unités utilisées pour exprimer les niveaux limites relatifs a ¢
jrandeur;

Iin emplacement de mesure et une table de positionnement propres au SAC/OAT
cofiformes aux exigences de validation CISPR applicables doivent étre utilisés;

tion
e la

étre

e la

une

de

v

Mesurages sur emplacement d’essai‘en espace libre (OATS) ou en chambre semi-

en
et
s le

qui
ette

et

U)

un recepteur de mesure conforme a la CISPR 16-1-1 doit etre utilise;

I'application de distances de mesure alternatives, telles que 3 m ou 30 m en lieu et p
de 10 m, doit étre considérée comme une méthode de mesure alternative;

lace

la distance de mesure est la projection horizontale de la distance entre la limite de 'EUT

et le point de référence de I'antenne par rapport au plan de masse;
la configuration et le fonctionnement de 'EUT sont conformes aux spécifications CISP

des facteurs d’antenne en espace libre doivent étre utilisés.

R;

Le mesurande E est déduit de la lecture de tension maximale V. en utilisant le facteur
d’antenne en espace libre F:
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E=V,+A +F, (7)
ou

E est I'amplitude de champ exprimée en dB(uV/m) comme dans la description du
mesurande;

V., est la tension maximale de réception exprimée en dB(nV), en appliquant la
procédure définie dans la description du mesurande;

c estlaperte en dB du cable de mesure entre I'antenne et le récepteur;

2 est le facteur d’antenne en espace libre de l'antenne de réception, exprimé
en dB(m—1).

facteurs d'antenne en espace libre sont utilisés comme facteur de qualité de I'antenne. II
ient de noter que I'amplitude du champ est mesurée au-dessus‘@un plan de masge et
dans un environnement en espace libre.

un mesurage de perturbation électromagnétique, I'amplitude du champ électriqug est

exigée a une distance donnée a partir de la limite de 'EUT,. La distance d’essai est mesurge a
part|r du point de référence de I’'antenne jusqu’a la limite de I'EUT (voir Figure 8). Dans lef cas
d’une différence entre le point de référence sur une antenne et le centre de phase, un faqteur

de gorrection peut étre appliqué pour obtenir 'ampljitutde du champ a la distance d’essai.

NOT

résulfats d’amplitude de champ pour les variations de centre de phase d’antenne.

F 1 Voir aussi 7.5.2.2 et A.6.2 de la CISPR 16-1+632014 [2] concernant les corrections portant sur les
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e d’exemple, soit une antenne de réseau de-dipdles log-périodiques (LPDA — log-peri
le array) type, présentant une séparation d’‘environ 0,6 m entre le doublet qui est sen;s
champ a 200 MHz et le doublet qui est;sensible a 1 000 MHz. Pour le mesurage

p électrique est mesurée a une distance d’environ 3,3 m de P2 dans la Figure 9, selq
r de dypase de 'Equation (11), ouP2 est la limite de 'EUT.

r une fréquence donnée, la correction suivante, AE en dB, doit étre ajoutée a I'ampli
hamp électrique mesurée:

d
AE =20 |g{$j

n la Figure 9, la distance entre P2 et I’élément résonnant & une fréquence donnée

enne,sdyp est la distance entre la terminaison de I'antenne et P1, et d,, est la distg
b |la, terminaison de I'antenne et la position du centre de phase a la fréquence f.

IEC

odic
bible
de

ssion a une distance d =3 m de I'EUT, a une fréquence de 200 MHz, 'amplitud¢ du

nla

ude

(8)

est

o> indiquée par I'Equation (9). Le point P1 est la marque du fabricant ou le centr¢ de

nce

ou

dphase =d +(d1y —d1p)

o (lf ~Imin Xdmax — 9min)

lmax _lmin

dy

dmin

est la longueur de I’élément du doublet qui est résonnant nominalement a
fréquence fen MHz et égal a4 0,9 x 150/fen m, ou 0,9 est un facteur de
raccourcissement général en raison du rayon fini du doublet [11];

(9)

(10)

la
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Inin €t Lnax sont les longueurs des doublets présentant des longueurs minimales et
maximales (c’est-a-dire que les doublets sont résonnants approximativement
aux fréquences de fonctionnement supérieure et inférieure, respectivement);

dmin €t dmax ~ SONt les distances entre les doublets des longueurs minimale et maximale et

la terminaison de I'antenne, respectivement.

Pour les antennes hybrides, la position du centre de phase d ;.. €st déterminée a 'aide des
informations fournies par le fabricant de I'antenne. Dans [pe cas ou les informations sont
fournies sous forme de tableau, le fabricant de I'antenne doit fournir d,, pour la plage de
fréquences de 100 MHz a 300 MHz avec un pas de fréquence maximal de £O MHz.

Il est pris pour hypothése dans I'Equation (8) que le point du champ est dans le._chpmp
lointain de I'antenne. Dans une situation de champ proche, généralement pour moins dfune
demji-longueur d'onde, la mesure pour Appr (voir [I'Equation (85) de| la
CISPR 16-1-4:2010/AMD1:2012) prend en compte les effets du champ proche.)Pour de [plus
amples informations, y compris les corrections pour les sections de LPDA coniques |des
antgnnes hybrides, voir 7.5.2.2 de la CISPR 16-1-6:2014 [2]. L’interpolation linéaire| est
utiligée pour estimer la position de centre de phase pour les fréquences €ntre les fréquences
de resonance des éléments aux extrémités de la plage de fréquences‘de fonctionnement.

Si uhe correction de centre de phase n’est pas appliquée, elleCdoit étre prise en compte dans
le buidget d’incertitude de I'instrumentation de mesure, conformément a la CISPR 16-4-2.

NOTE 2 Le laboratoire d’étalonnage de I’antenne peut fournir la gorrection d’amplitude de champ électrique|pour
des glistances de mesure spécifiques (par exemple 3 m et 10m). par des corrections équivalentes du facteur
d’antpnne pour ces distances.
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Figure 9 — Distance de séparation par rapport au centre de phase d’une antenne LPDA
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7.3.2 Exigences relatives a I’emplacement d'essai

L’emplacement d'essai doit étre conforme aux spécifications pertinentes de la CISPR 16-1-4
concernant ses propriétés physiques et électriques, ainsi que sa validation.

7.3.3 Méthode générale de mesure

La Figure 10 représente le concept des mesurages effectués sur un emplacement d’essai en
espace libre (OATS) ou dans une chambre semi-anéchoique (SAC) avec des rayons directs
et réfléchis par le sol arrivant sur I'antenne de réception.

Antenne de réception

Rayon direct
Récepteur
de mesyre
EUT
Rayon réfléchi
Table
support
/

Plan de masse

Figyre 10 — Concept des mesurages de I'amplitude de champ électrique effectués|sur
un emplacement d’essai en espace libre (OATS) ou dans une chambre semi-anéchojque
(SAL) représentant les rayons directs et réfléchis arrivant sur I'antenne de réception

L'EUYT est installé a unethauteur spécifiée au-dessus du plan de masse. Il est configuré pour
reprgsenter des conditions normales de fonctionnement. L'antenne est placée a la distgnce
de séparation spécifiee. Une rotation de 'EUT est effectuée dans le plan horizontal ¢t la
lectire maximaleest consignée. La hauteur de l'antenne est réglée de maniere que| les
raygns directset réfléchis soient en phase ou approximativement en phase. Les étapes de la
progédure sant interchangeables et peuvent nécessiter d’étre répétées afin de détermingr la
perturbation maximale. Pour des raisons d'ordre pratique, la variation de la hauteur| est
limitée;une parfaite addition en phase peut, par conséquent, ne pas étre atteinte.

7.3.4 Distance de mesure

Il convient de mesurer un EUT soumis a une limite de perturbation rayonnée a une distance
spécifiée a cette distance, a moins d'une impossibilité due a la taille du matériel, etc. La
distance de mesure est la longueur de la projection entre le point de 'EUT le plus proche de
I'antenne et le point de référence d’étalonnage de I'antenne sur le plan de masse. Si le point
de référence de I'antenne n’est pas spécifié dans le rapport d’étalonnage de cette derniére, le
point de référence pour les antennes log-périodiques est un point situé le long de la perche
horizontale de l'antenne, a mi-chemin entre les éléments de I'antenne doublet, qui
correspondent a une demi-longueur d’onde a la fréquence centrale de la plage de fréquences
des antennes.

NOTE La fréquence centrale est définie par: 19(/,q o) = (19 fimin + 19 frmax)/2: foentre = 10'90 C€Ntre)
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Une distance de 10 m est préférable pour la plupart des emplacements en extérieur, dans la
mesure ou, a cette distance, le niveau attendu des perturbations mesurées est suffisamment
supérieur au niveau général de bruit ambiant pour permettre une réalisation des essais qui
soit efficace. Des distances inférieures a 3 m ou supérieures a 30 m ne sont généralement
pas utilisées. Si une distance de mesure autre que la distance spécifiée est nécessaire, il
convient d'extrapoler les résultats a l'aide des procédures spécifiées dans les normes de
produits. Si aucune ligne directrice n'est donnée, une justification convenable pour
I'extrapolation doit étre fournie. En général, l'extrapolation ne suit pas une loi simple de
fonction inverse de la distance.

Il convient, dans toute la mesure du possible, d'effectuer les mesurages en champ lointain. La
régii:n de champ lointain peut étre définie par les conditions ci-dessous. La distancg de
mesjure d est choisie de telle sorte que:

a) 4> A/6. A cette distance, E/H = Zy =120 n = 377 Q, c'est-a-dire que les ,composahtes
d’amplitude de champs électrique et magnétique sont perpendiculaires™es unes| par
fapport aux autres, et l'erreur de mesure est de l'ordre de 3 dB si 'EUT est consifléré
q

omme une antenne doublet accordée; ou

b) 4 > 4, condition pour une onde plane, pour laquelle I'erreur est(@d¢€ I'ordre de 0,5 dB si
I[EUT est considéré comme une antenne doublet accordée; ou

c) 4 >2D2/ A, ou D est la plus grande dimension de I'EUT oG/ de I'antenne, qui déterrrine
lfouverture minimale pour l'illumination de 'EUT, qui s'applique aux cas dans lesquels
p>> A

7.3.9 Variation de la hauteur d'antenne

Poul mesurer I'amplitude du champ électrique, la hauteur d'antenne doit varier au-dessug du
plan de masse a l'intérieur d'une plage spécifiéerafin d'obtenir une lecture maximale lorgque
les rayons directs et réfléchis sont en phase: En regle générale, pour des distanceg de
mesjure inférieures ou égales a 10 m, lawhauteur d'antenne, pour mesurer I'amplitud¢ du
champ électrique, doit varier entre 1 m et 4 m. A des distances supérieures jusqu'a 30 m, la
hautfeur doit varier de préférence entre;2 m et 6 m. Il peut s'avérer nécessaire d'ajustér la
haufeur minimale de l'antenne au-dessus du sol a 1 m, afin de maximiser la lecture. [Ces
scrutations de la hauteur s'appliguent a la fois aux polarisations horizontale et vertigale.
Cependant, pour la polarisationlverticale, la hauteur minimale doit étre augmentée de dorte
que|le point le plus bas dexl'antenne soit a au moins 25 cm de la surface au so| de
I’emplacement d’essai.

7.3.6 Détails a fournir dans la spécification de produit
7.3.6.1 Géngéralités

Outre la spécification de la méthode de mesure détaillée et des paramétres de perturbatipn a
mesjurer,.tes normes de produits doivent inclure d'autres détails pertinents, exposég ci-
desgous:

7.3.6.2 Environnement d’essai

L'influence de [I'environnement d’essai doit étre prise en compte afin d'assurer un
fonctionnement correct de I'EUT. Les paramétres importants de I'environnement physique
doivent étre spécifiés, par exemple la température et I'humidité.

L'environnement électromagnétique nécessite une considération toute particuliere afin
d'assurer I’exactitude des mesurages de perturbation. Il convient que le bruit radioélectrique
ambiant et les niveaux de signaux mesurés sur I'emplacement d'essai avec I'EUT hors
tension soient au moins de 6 dB inférieurs a la limite. Il est admis que ceci n'est pas toujours
réalisable a toutes les fréquences. Cependant, dans le cas ou les niveaux mesurés des
émissions de bruit radioélectrique ambiant plus celles de 'EUT ne sont pas supérieurs a la
limite, 'EUT doit étre considéré comme étant conforme a cette derniere. Pour des lignes
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directrices supplémentaires concernant les niveaux de bruit ambiant et les erreurs de mesure
résultantes, se reporter a 6.2.2 et a I'Annexe A.

Si le niveau d’amplitude du champ ambiant a des fréquences s'inscrivant dans les plages de
mesure spécifiées, a la distance de mesure spécifiée, dépasse la ou les limites, les solutions
suivantes peuvent étre appliquées pour démontrer la conformité de 'EUT:

a) Effectuer les mesurages a une distance plus courte et extrapoler les résultats a la
distance pour laquelle la limite est spécifiée. Extrapoler les résultats en utilisant I'une des
meéthodes suivantes:

\ _détarminer I corresnondant 4o la dictanca do farmatura J aon annlicduant o rnlrtion
St F RS FrespohRaaRt—a—a—aistaRce—ae—+ermetdro—d—eR—appHadaht—a—Feis
Ly, = L4(d4/dy), ol L4 est la limite spécifiée en uV/m a la distance dy;
NOTE Cette méthode d'extrapolation peut seulement étre utilisée lorsque les deux valeurs d, et {/, se
situent dans la zone du champ lointain de 'EUT a toutes les fréquences de mesure.

utiliser la formule comme recommandé par la norme de produit;

OO
~ ~—

déterminer la limite L, & une distance d, en appliquant une formule”d'extrapolation
vérifiée par des mesurages a au moins trois distances différentes

b) Dans les bandes de fréquences ou les valeurs du bruit ambiant,sént dépassées (valpurs
mesurées supérieures a 6 dB au-dessous de la limite), les wvaleurs de perturbation de
[EUT peuvent étre interpolées d'apres les valeurs de perturbation adjacentes. La vdleur
¢obtenue par interpolation doit étre sur la courbe représentant une fonction continue|des
aleurs de perturbation aux fréquences adjacentes au bruit ambiant.

1°24

c) Effectuer les mesurages dans les bandes de fréquences critiques pendant les heures ou
les stations de radiodiffusion n'émettent pas et.0d les conditions ambiantes dues|aux
atériels industriels sont plus faibles.

W

d) Comparer I'amplitude de la perturbation de 'EUT a la fréquence étudiée et I'amplitude de
la perturbation sur des fréquences adjacentes, a l'intérieur d'une chambre blindég ou
d'une chambre blindée a revétement absorbant. L'amplitude de la perturbation du matgriel
¢n essai a la fréquence étudiée peut étre estimée en mesurant l'amplitude dg¢ la
erturbation de fréquence adjacente;et en établissant une comparaison.

e considérer les directions des’signaux ambiants forts pour que l'orientation de I'antgnne

!

e) lors de I'orientation de I'axe d'un-emplacement d’essai en espace libre, il est souhaitpble
g

de réception sur 'emplacement discrimine ces signaux, dans la mesure du possible.

f) Wtiliser un appareil de mesure avec une bande plus étroite pour les perturbations a bande
g¢troite de 'EUT proches d’'un environnement électromagnétique RF, qui sont tous dqeux
gitués dans la largeur'de bande normalisée.

7.3.6.3 Configuration du matériel en essai

Les| conditions—de fonctionnement et la configuration du matériel en essai (EUT) pont
détdillées en.6.4.

Des|dispositifs d’absorption en mode commun (CMAD — common-mode absorption devicg) de
typea pimces ferrites sontutitisespour réduite tinfluence des tables g textérieur duvotume
d'essai sur les résultats de mesure des perturbations rayonnées. Si des CMAD sont utilisés,
le cable quittant le volume d'essai doit entrer dans le CMAD au point ou il atteint le plan de
masse, comme présenté a la Figure 11. Le CMAD doit toujours étre placé a plat sur le plan de
masse. La partie du cable située entre le point de sortie du CMAD et le point de sortie du
plateau tournant doit étre conservée aussi petite que possible. Chaque céable doit étre traité
avec un CMAD distinct. Les cables de diameétres supérieurs aux ouvertures des cables des
CMAD disponibles dans le commerce ne doivent pas étre traités avec des CMAD.

Pour éviter une saturation, il convient de ne pas traiter les cables de puissance pour courants
en mode commun élevés (par exemple le port de sortie d'inverseurs) avec des CMAD, sauf si
ces CMAD sont congus spécifiquement pour des courants en mode commun élevés.
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Pour des EUT comportant jusqu'a trois cables quittant le volume d'essai, chaque cable doit
étre traité avec un CMAD pendant les mesurages des perturbations rayonnées. Cette
exigence s'applique a n'importe quel type de cable (par exemple, des cables de puissance, de
télécommunication ou de commande). Pour une installation d'essai comportant plus de trois
cables quittant le volume d'essai, seuls les trois cables sur lesquels I'émission la plus forte
est prévue nécessitent d’étre équipés de CMAD. Les cables sur lesquels des CMAD ont été
appliqués doivent figurer dans le rapport d'essai.

NOTE La limite du nombre de CMAD est examinée en [12]. Lors de la comparaison d’'EUT de grande taille et de
petite taille, ainsi que celle des EUT a un cable et a deux cables, I'auteur en a conclu qu'un petit EUT comportant
un seul cable quittant le volume d'essai constituait le cas le plus défavorable. L'étude de cet auteur a couvert

|'app ication-des-CMAD gux-matériels nosés-surtable comportanttrois-cibles-ou-moins
* P

Des|informations générales sur le but et I'application des CMAD de type a ferrite figurent en
4.9.1 de la CISPR TR 16-3:2010 [3].

EUT

Plateau
tournant

IEC

s CMAD doivent étre conformes aux spécifications applicables de la CISPR 16-1-4. Leur utilisation doi} étre
bcumentée dans le rapport d'essai.

Q

Figure 11 — Position d'un CMAD pour un matériel posé sur table sur un emplacement
d’essai en‘espace libre (OATS) ou dans une chambre semi-anéchoique (SAC)

7.3.7 Instrumentation de mesure

L'ingtrdmentation de mesure, antennes comprises, doit étre conforme aux exigelrces
applicables de |a CISPR 16-1-1 et de |a CISPR 16-1-4

7.3.8 Mesurages de I'amplitude de champ sur d'autres emplacements en extérieur

Les emplacements d'essai en extérieur similaires a I'emplacement d’essai en espace libre,
mais sans plan de masse en métal peuvent étre spécifiés pour certains produits, et ce, pour
des raisons d'ordre pratique, par exemple les appareils ISM et les véhicules a moteur. Les
dispositions de 7.3.4 a 7.3.7 doivent rester applicables.

7.3.9 Incertitude de mesure pour les OATS et les SAC

Les éléments généraux et fondamentaux a prendre en compte concernant les incertitudes de
mesure des émissions sont mentionnés dans la CISPR 16-4-1. Les aspects liés a
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I'incertitude, spécifiques aux mesurages des émissions rayonnées sur un OATS ou une SAC
(30 MHz a 1 GHz), sont mentionnés dans la CISPR 16-4-2.

7.4 Mesurages en enceinte complétement anéchoique (30 MHz a 1 GHz)
7.4.1 Installation d’essai et géométrie de I’emplacement

Le type d'antenne utilisé pour les essais d'émission de 'EUT doit étre le méme que celui de
I'antenne de réception utilisée pour les essais de validation de I'’enceinte complétement
anéchoique (FAR). La hauteur de I'antenne est fixée au milieu géométrique de la hauteur du
volume d'essai. Les mesurages sont effectués avec les polarisations horizontale et verticale
de I[antenne de réception. 1T convient de mesurer I'emission pendant [a rofafion du plateau
tourpant dans au moins trois positions successives en azimut (0°, 45°, 90°) de "PRUT,
lorsqu'une rotation continue n'est pas exigée. La Figure 12 présente la géométrie type dfune
FAR, avec les dimensions correspondantes.

L’EUT doit étre placé sur un plateau tournant. Les Figures 12, 13 et t4expliquenf les
diff@rentes dimensions a l'intérieur de la FAR. Le plateau tournant, le-mat d'antenne ¢t le
plancher d’appui doivent étre en place pendant la procédure de validation de I'’emplacenjent,
et spnt constitués en grande partie de matériau transparent aux ondes électromagnétigues.
Les|distances a, b, ¢ et e peuvent étre limitées par les dimensions du volume d'essail Le
niveau du plan inférieur (hauteur de I'absorbeur plus ¢) est le niveau pour les matériels pgpsés
au spol (la hauteur de la palette de transport n’est pas comprise_dans le volume d'essai).
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A plateau tournant et fixation du support de 'EUT;

2X 1,5m, 2,5 m, 5 m — correspond a la distance d’essai utilisée,(3 m, 5 m ou 10 m, respectivement);

he, milieu du volume d'essai;

ab ke > 0,5 m recommandé (> 1 m est plus pratique), la&aleur réelle est cohérente avec la procédure d¢

R validation de la FAR, définie dans la CISPR 16-1:4;

d 3m,5m,ou10 m.

1) Lps dispositions de I'antenne et du cable dbivent étre validées ensemble et utilisées dans la méme
cpnfiguration pendant I'essai de 'EUT. L’antenn& ainsi que le cable peuvent devoir étre déplacés poul étre
cpnformes a la distance d’essai exigée au colrs de I'essai de 'EUT.

2) Lps CMAD doivent étre conformes aux spécifications applicables de la CISPR 16-1-4. Leur utilisation doif étre
dpcumentée dans le rapport d'essai.

Figure 12 — Géométrie type d’une enceinte complétement anéchoique,
ol a, b, ¢; eedépendent des performances de I’enceinte
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Légende:
A plateau tournant et fixation du support de I'EUT;
2X 1,5m,2,5m, ou5m;
d 3 m, 5 mou 10 m (pour une distance d’essai de 3 m 5)m ou 10 m, respectivement).
1) Lp disposition du cable d'antenne doit étre la méme que.pendant la procédure de validation de I'emplacgment
(Joir Figure 12).
2) Lps CMAD doivent étre conformes aux spécifications, applicables de la CISPR 16-1-4. Leur utilisation doif étre
dpcumentée dans le rapport d'essai.
Figure 13 — Installation type-d'essai pour un matériel posé sur table
dans le volume d'essai.d'une enceinte complétement anéchoique
La distance d'essai est mesurge-a partir du point de référence de I'antenne jusqu’a la limite
de I|EUT. S'il existe une différence entre le point de référence sur une antenne et le centrg de
phage, un facteur de correetion peut étre appliqué pour obtenir 'amplitude du champ [a la
distance d'essai.
Pouf une fréquence/donnée, la correction AE en dB dans I'Equation (8) doit étre ajoutge a
lamplitude du.echamp électrique mesurée afin de réduire son incertitude. La correction de
I'amplitude duxChamp électrique est appliquée pour tenir compte de la correction du centrg de
phase des antennes LPDA et de la partie log-périodique des antennes hybrides.
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A plateau tournant et fixation du support de 'EUT
2X 1,5m,2,5m,ou5m
d 3 m, 5mou 10 m pour une distance d’essai de*3-m, 5 m ou 10 m, respectivement

La palette de 12 cm (10 cm a 14 cm) est un compromiséntre un plan de masse métallique et un plan de mas

7

La Higure 18 et la Figure 14 présentent respectivement les installations d’essai dans une F
pour des- EUT types posés sur table et posés au sol. L'EUT doit étre configuré, ins

di

de |

L

Lp disposition des cables dépend de la position de leurs prises de sortie et doit étre proche de la surfa
bpitier.

Les CMAD doivent étre conformes” aux spécifications applicables de la CISPR 16-1-4. Leur utilisation doi
dpcumentée dans le rapport d'essai.

Figure 14 <.Installation type d'essai pour un matériel posé au sol
dans le yolume d'essai d'une enceinte complétement anéchoique

4.2 Position'de 'EUT

splosé ‘et doit fonctionner d'une fagcon compatible avec ses applications types. L'ense

h disposition du cable d'antenne doit étre'Ja’méme que pendant la procédure de validation (voir Figure 12)).

e en

e du

étre

bon fonctionnement de 'EUT sans toutefois en faire partie, doit étre placé a I'extérieur de la
chambre blindée.

Les cables d'interface doivent étre reliés a chaque type d'accés d’interface de 'EUT. Si 'EUT
est constitué de dispositifs séparés, I'espacement entre les dispositifs doit étre celui de la
configuration normale, mais si possible de 10 cm. Les cébles d’interconnexion doivent étre
repliés en faisceau. Le faisceau doit avoir une longueur de 30 cm a 40 cm et doit étre

lo

ngitudinal au céble.

Pour améliorer la répétitivité de mesure, les lignes directrices suivantes doivent étre prises en
compte:
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a) L’EUT (y compris la disposition des cables conformément a 7.4.3) doit étre placé de s
que son centre soit a la méme hauteur que le centre du volume d'essai. Un support non
conducteur de hauteur appropriée peut étre utilisé dans ce but.

orte

b) Lorsqu'il n'est pas physiquement possible de surélever un EUT de grande dimension
jusqu'au centre du volume d'essai (Figure 12 et Figure 13), 'EUT peut rester sur une
palette de transport non conductrice pendant I'essai (Figure 14). La hauteur de la palette
doit étre consignée dans le rapport d’essai.

Les spécifications d'installation pour certains matériels posés au sol exigent que l'unité soit
installée et fixée directement sur un sol conducteur. Les éléments suivants s’appliquent aux
essais des matériels posés au sol dans une FAR: si des résultats d’essai obtenus dans une

FA
con

emplacements d’essai dans une FAR, les émissions réelles peuvent étre inférieuréssi I’

est
Cec

en polarisation horizontale et si la source d'émissions se situe en un point l[du matérie

corr
Il e

envifonnement d’essai avec plan de masse (c’est-a-dire un emplacement d’essai en esj
librd ou une chambre semi-anéchoique) simulant mieux les ) conditions prévues

I'ins

mesjurages dans une FAR.

7.4.

Dan

cause des différences de disposition et de terminaison des cables, lorsqu'un méme EUT|
mesjuré sur des emplacements d'essai différents. Les points suivants constituent

con

avec des matériels posés au sol destinés a étre installés et fixés directement sur ur
ucteur révelent une non-conformité avec une limite d’émission applicable

mesuré sur un plan de masse qui simule mieux I'environnement de l'installation fir
est particulierement vrai pour des émissions dont la fréquence est inférieure a 200 N

bspondrait a une hauteur au-dessus du sol de 0,4 m ou moins dans_ une’ installation t
5t recommandé au lecteur de procéder a une investigation supplémentaire dans

allation finale du matériel, avant de déterminer une nohsconformité sur la basq

B Disposition et terminaison des cables

5 les essais de CEM, la reproductibilité des résultats de mesure est souvent mauvai

itions générales pour l'installation d'essai, afin de fournir une bonne reproductibilité

sol
aux
EUT
ale.
Hz,
qui
ype.
un
ace
bour
de

e a
est
des
voir

Figure 13 et Figure 14). De fagon idéale,xjl. convient que tous les rayonnements a megurer

proviennent du seul volume d'essai.thes cables utilisés pendant Il‘essai doivent

con
les

terminaisons utilisés pendant les>essais doivent étre clairement décrites dans le rap
d'espai.

a)

b)

c)

d)

ormes aux spécifications du fabricant. L'EUT peut utiliser des cables sans terminaisqg
cables avec terminaisons ne sont pas disponibles. Les spécifications des cables et

comporter un trajet harizontal de 0,8 m et un trajet vertical de 0,8 m (sans aucun faisc
b |'intérieur du yolume d'essai (voir Figure 8 et Figure 14). Toute longueur de ¢
Eupérieure a 1/6 m, avec une tolérance relative de +5 %, doit étre acheminée a I'exté
ju volume diessai.

5i le fabricant spécifie une longueur de cable inférieure a 1,6 m, alors, et dans tou
mesure du possible, le cable doit étre orienté de telle sorte que la moitié de sa long
50if horizontale et I'autre moitié verticale, dans le volume d'essai.

étre
n si
des
port

| es cables connectés @' 'EUT et aux matériels auxiliaires ou a l'alimentation doiyvent

Pau)
able
ieur

e la
eur

Eriel

| sV cables qui_ne sont pas utilisés pendant I'essai, par l'intermédiaire d'un_mat

associe, doivent comporter une terminaison appropriée:

1) les cébles coaxiaux (blindés) avec une terminaison coaxiale d'impédance corr
(50 Q ou 75 Q);

ecte

2) les cables blindés avec plus d'un conducteur intérieur doivent avoir des terminaisons

en mode commun (entre phase et masse ou terre de référence) et en mode différe
(entre phases), conformément aux spécifications du fabricant;

ntiel

3) les cables non blindés doivent avoir des terminaisons en mode différentiel et en mode

commun, conformément aux spécifications du fabricant.

Si PEUT nécessite un matériel associé pour fonctionner correctement, une attention
particuliére doit étre portée afin qu'aucune émission de ce matériel ne puisse influencer le
mesurage de rayonnement. Le matériel associé doit étre placé dans toute la mesure du
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