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International Standard CISPR 16-2 has been prepared by CISPR, subcommittee A: Radio inter-
ference measurements and statistical methods.

This second edition cancels and replaces the first edition published in 1996, Amendment 1
(1999) and Amendment 2 (2002).

The document CISPR/A/443/FDIS, circulated to the National Committees as Amendment 3, led
to the publication of the new edition.
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SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 2: Methods of measurement of disturbances and immunity

Section 1: General

1.1 Scope

This part of CISPR 16 specifies the methods of measurement of E a in the

frequengy range 9 kHz to 18 GHz.

1.2 Normative references

The follgwing referenced documents are indispensable for the \ cument. For
dated rgferences, only the edition cited applies. For undad 3 A dition of
the refelenced document (including any amendments) gpph

IEC 600B3:1997, Plugs and socket-outlets for do rdized in

member|countries of IEC — Standards

IEC 603p

CISPR 1 —| Electro-
magnetic

CISPR 1 — Radio
disturbahce characterl J

CISPR [14-1:200 bliances,
electric jools an i

CISPR 1 htus and
methodg

CISPR 2 — Limits
and met

ITU-R R i level in
sound bfoadcasting

1.3 Defimitions

For the purpose of this part of CISPR 16, the definitions of IEC 60050(161) apply, as well as
the following:

1.31

associated equipment

1) Transducers (e.g. probes, networks and antennas) connected to a measuring receiver or
test generator

2) Transducers (e.g. probes, networks, antennas) which are used in the signal or disturbance
transfer between an EUT and measuring equipment or a (test-) signal generator

1.3.2

EUT

the equipment (devices, appliances and systems) subjected to EMC (emission and immunity)
compliance tests


https://iecnorm.com/api/?name=9005282698ed1fd2f37571801be36320

CISPR 16-2 O IEC:2003(E) -9-

1.3.3
product publication

publication specifying EMC requirements for a product or product family, taking into account

specific aspects of such a product or product family

1.3.4
emission limit (from a disturbing source)

the specified maximum emission level of a source of electromagnetic disturbance

[IEV 161-03-12]

1.3.5
immunity limit

the spedified minimum immunity level
[IEV 161-03-15]

1.3.6
ground [reference

a connettion that constitutes a defined parasitic capacitancé
serves gs reference potential

NOTE Sge also IEV 161-04-36.

1.3.7
(electromagnetic) emission
the phenomenon by which electromagne

[IEV 161-01-08]

I @ source

1.3.8
Immunity (to a disturbance
the ability of a device, i

an electfomagnetic dis
[IEV 161-01-20]@
1.3.9
coaxial cable

a cable|con
associa

form without degradation in the pre

specifie isti pedance and a specified maximum allowable cable

impedar

1.3.10
common mode (asymmetrical disturbance voltage)

FUT and

sence of

ction of
viding a
transfer

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

(current transformer) at a defined terminating impedance
NOTE See also IEV 161-04-09.

1.3.11
common mode current

the vector sum of the currents flowing through two or more conductors at a specified cross-

section of a “mathematical” plane intersected by these conductors

1.3.12
differential mode voltage; symmetrical voltage
the RF disturbance voltage between the wires of a two conductor line

[IEV 161-04-08, modified]
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1.3.13

differential mode current

half the vector difference of the currents flowing in any two of a specified set of active
conductors at a specified cross-section of a “mathematical” plane intersected by these
conductors

1.3.14

unsymmetrical mode (V-terminal voltage)

the voltage between a conductor or terminal of a device, equipment or system and a specified
ground reference. For the case of a two-port network, the two unsymmetrical voltages are
given by:

a) the vector sum of the asymmetrical voltage and half of the symmetrical voltage; and

b) the Vector difference between the asymmetrical voltage and half of th ymm&@voltage.

NOTE Sge also IEV 161-04-13.

1.3.15
measuring receiver
a receiver for the measurement of disturbances with differe t

NOTE The receiver is specified according to CISPR 16-1.

1.3.16
test configuration
gives thg specified measurement arra
level is neasured

e E hich an emission or immunity

V 161-03-11, IEV 161-03-12, IEV 1614{03-14 and

NOTE The emission level or immunity level is measured as requirg
1.3.17

IEV 161-0 Eifity level.
artificial] network (AN

an agreed reference load (si edaneé presented to the EUT by actual petworks
(e.g., eftended e i ) across which the RF disturbance voltage is
measurg @

1.3.18

artificia

a netwo es, in a
given fr| urbance

voltages
[IEV 161

ange

1.3.19
weighting-(qtasi-peak-detection)
the repetition-rate dependent conversion of the peak-detected pulse voltages to an indication
corresponding to the psychophysical annoyance of pulsive disturbances (acoustically or
visually) according to the weighting characteristics, or alternatively gives the specified manner
in which an emission level or an immunity level is evaluated

NOTE 1 The weighting characteristics are specified in CISPR 16-1.

NOTE 2 The emission level or immunity level is evaluated as required by IEC 60050(161) definitions of level (see
IEV 161-03-01, IEV 161-03-11 and IEV 161-03-14).
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1.3.20
continuous disturbance

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

which does not decrease immediately
[IEV 161-02-11, modified]
NOTE The measuring receiver is specified in CISPR 16-1.

1.3.21
discontinuous disturbance
for counted clicks, disturbance with a duration of less than 200 ms at _the IF-out

put of a

in quasi{peak detection mode

measuripg receiver, which causes a transient deflection on the meter of mea\s%
NOTE 1 For impulsive disturbance, see IEV 161-02-08.

NOTE 2 [The measuring receiver is specified in CISPR 16-1.

1.3.22
fully angchoic chamber (FAC) or fully anechoic room (FA2

shielded| enclosure, the internal surfaces of which agr , gquency a
material| (i.e. RF absorber), that absorbs electrom&gnetic : 2 frequency
interest.| The Fully Absorber-Lined Room is interded i - ee space env
where q , he receiving ante
indirect : e\ofpgrop€r absorbing materi

1.3.23
measurg¢ment time
Tm

the effegtive, coherent|Nj \ gsult at a single frequency (sometir
called dyvell time)

— for the peak

— for the quasi-pea
envglope

— for t:[
— fort
1.3.24

sweep
a contin

receiver

pbsorbing
range of
ronment
nna. All
al on all

nhes also

pe,
veighted

hpe

1.3.25
scan
a continuous or stepped frequency variation over a given frequency span

1.3.26

sweep or scan time

TS

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

1.3.27
span

o

difference between stop and start frequencies of a sweep or scan
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1.3.28
sweep or scan rate
the frequency span divided by the sweep or scan time

1.3.29

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

1/(sweep time + retrace time)

1.3.30

observation time
TO
the sum(fof measurement times 7\, on a certain frequency in case of multiple swki.l n is the

number pf sweeps or scans, then T, =n x T

1.3.31
total observation time

Tiot
the effegtive time for an overview of the spectrum (either s

number pf channels within a scan or sweep, then T, =

eeps). If ¢ is the

2.1 Types of disturbance to be measured

This suljclause describes etectors

appropripte for their mea

2.1.1 Types of disturpa

For physical an dependent on the spectral distribution, measuring
receiver| bandwidth, e of occurrence, and degree of annoyance dyring the
assessnent and m nentof radre disturbance, distinction is made between the following
types of

i.e. disturbance on discrete frequencies| as, for
exanpplexthe dame tals and harmonlcs generated with the intentional applicatipn of RF
energ ith™J§ yuipment, constituting a frequency spectrum consisting only of individual
specfral Inés-whose Separation is greater than the bandwidth of the measuring regeiver so
that guring,the asurement only one line falls into the bandwidth in contrast to b);

b) broabbs 1 1 v i i onrally—produced by the
repeated impulses of, for example commutator motors and WhICh have a repetition
frequency which is lower than the bandwidth of the measuring receiver so that during the
measurement more than one spectral line falls into the bandwidth; and

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

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

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

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

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

c) a peak detector which may be used for either broadband or narrowband disturbance
measurement.

Measuripg receivers incorporating these detectors are specified in CISP

2.2 Connection of measuring equipment

ivers and
associated equipment such as artificial networks, voltag , apsorbing

This su%clause describes the connection of measuring equi
clamps and antennas.

2.2.1 Cpnnection of associated equipment

shall be
e of the

The conpecting cable between the m
shielded and its characteristic imped
measuripg receiver.

The output of the associated equipmen sher ninated with the prescribed impeddnce.

2.2.2 Cpnnections to

The artificial mai n
impedarice, e.g.@
wall of g4 shielded Yoofr

(maximym length

onnected to the reference ground by g low RF
s€ of the AMN to the reference ground or reference
dance conductor as short and as wide as practical

Termina shall be referenced only to the reference ground.| Ground
loops (d
measuri ratds-(e.g\ measuring receivers and connected associated equipment,|such as
oscillosd ecorders, etc.) fitted with a protective earth conductor|(PE) of
the PE
rom the
chokes

F us from
batteries, so that the RF connectlon of the measurlng apparatus to the reference ground is
made via only one route.

For the treatment of PE connection of the EUT to the reference ground, see Clause A.4.

Stationary test configurations do not require a connection with the protective earth conductor if
the reference ground is connected directly and meets the safety requirements for protective
earth conductors (PE connections).

2.2.3 Connection between the EUT and the artificial mains network

General guidelines for the selection of grounded and non-grounded connections of the EUT to
the AMN are discussed in Annex A.
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2.3 General measurement requirements and conditions

Radio di

sturbance measurements shall be:

:2003(E)

a) reproducible, i.e. independent of the measurement location and environmental conditions,

espe

cially ambient noise;

b) free from interactions, i.e. the connection of the EUT to the measuring equipment shall
neither influence the function of the EUT nor the accuracy of the measurement equipment.

These requirements may be met by observing the following conditions:

c) existence of a sufficient signal-to-noise ratio at the desired measurement level, e.g. the

level
d) havi

f)  wher

its particular operating and calibration requirements.

231 D

The me
require
in the te

2.3.1.1

A test s
ambient
measure
increase
determir

In the ¢
permitte
source §
to meet
narrowb

NOTE |If
possible ff
in this res

of the relevant disturbance limit;

sturbance not produced by the equipment unde

5t report.

Compliance testing

232 M

easureme f continuous disturbance

case of

%iven to

ollowing
ecorded

ise. The
desired
EUT is
may be
rating.

level is
pise and
hsidered
vidth for

it may be
e is made

2.3.21

Narrowband continuous disturbance

The measuring set shall be kept tuned to the discrete frequency under investigation and

returned

2.3.2.2

if the frequency fluctuates.

Broadband continuous disturbance

For the assessment of broadband continuous disturbance the level of which is not steady, the
maximum reproducible measurement value shall be found. See 2.3.4.1 for further details.


https://iecnorm.com/api/?name=9005282698ed1fd2f37571801be36320

CISPR 16-2 O IEC:2003(E) - 15—

2.3.2.3 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 must be given to
certain characteristics of these instruments, which include: overload, linearity, selectivity,
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.

2.3.3 Operating conditions of the EUT

The EUT shall be operated under the following conditions:

2.3.3.1 [Normal load conditions

and for EUTs not so covered, as indicated in the manufacturer’s i

2.3.3.2 [The time of operation

The timg of operation shall be, in the case of EU time, in

accordapce with the marking; in all other cases, the

2.3.3.3 Running-in time

EUT shall be operatgd for a
tions of operation are typical pf those

No speq
sufficie

during t est conditions may be presg¢ribed in
the reley

23.3.4

The EU] ) m e g¥ing the rated voltage of the EUT. If the level of
disturba ith upply voltage, the measurements shall be repeated
for supp ( 9to 1,1 times the rated voltage. EUTs with mpre than
one rate estex rated voltage which causes maximum disturbarice.
2.3.35

The EUT bance at
the mea

2.3.4 Interpretation’of measuring results

2.3.4.1 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 4.2 of CISPR 14-1).

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 which may be switched on and off frequently, or the direction of
rotation 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 each
frequency of measurement shall be recorded;
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2) if the EUT is one which in normal use runs for longer periods, then it should remain
switched on for the period of the complete test, and at each frequency the level of
disturbance shall be recorded only after a steady reading (subject 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
character part way through a test, then that EUT shall be tested in accordance with item b).

d) Measurements 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.

2.3.4.2 Discontinuous disturbance
MeaSUr IIIUIIt \.If d;DUUIIt;IIuUuO d;otulballuc Illqy bU PGIfUIIIIUd Gt [«] |"€‘u};‘cd TTU ber Of
frequengies. For further details, see CISPR 14-1. \

2.3.4.3 |[Measurement of the duration of disturbances

The EUT is connected to the relevant artificial mains network. I1ka measuring set is>available, it
is conngcted to the network and a cathode-ray oscilloscope™is 6 mediate
frequengy (i.f.) output of the measuring set. If a receiveri scope is
connected directly to the network. The time base of vbe startefd by the
disturbapces to be tested; the time base is set to a yalug ' 0 ms/div for EUT with
instantapeous switching and 10 ms/div — 200 ms d|v f » - The duratiop of the
disturbapce can either be recorded direstly by a or digital oscilloscope or
by photdgraph or hard copy recording ©f the s¢

2.3.5 Measurement times and scan rates for ¢Q

Both forl manual measurer a o or

ment times and scan rates\of asurm 2 d scan
the maximum emissi i hers
measurgment times ai
account
in4.1.

2.3.51 EL ini

Clause B. b fastest
— practi¢ i a’ rates. From this table the following minimum scan tjmes for
measurd

heasure-
measure
peak detector is used for prescans, the
test into
pe found

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

Frequency band spceaankt(iitte;;sic:zr qujgia-:;ianlzed:t‘e‘efc‘:iron
A 9 kHz — 150 kHz 14,1s 2820 s = 47 min
B 0,15 MHz — 30 MHz 2,985 s 5970 s = 99,5 min =1 h 39 min
C/D 30 MHz - 1 000 MHz 0,97 s 19 400 s = 323,3 min = 5 h 23 min

The scan times in Table 1 apply to the measurement of CW signals. Depending on the type of
disturbance, the scan time may have to be increased — even for quasi-peak measurements. In
extreme cases, the measurement time T, at a certain frequency may have to be increased to
15 s, if the level of the observed emission is not steady (see 2.3.4.1). However isolated clicks
are excluded.


https://iecnorm.com/api/?name=9005282698ed1fd2f37571801be36320

CISPR 16-2 O IEC:2003(E) -17 -

Most product standards call out quasi-peak detection for compliance measurements which is
very time consuming, if no time-saving procedures are applied (see 4.1). Before time-saving
procedures can be applied, the emission has to be detected in a prescan. In order to ensure
that e.g. intermittent signals are not missed during an automatic scan, the considerations in
2.3.5.2 to 2.3.5.4 need to be taken into account.

2.3.5.2 Scan rates for scanning receivers and spectrum analyzers

One of two conditions need to be met to ensure that signals are not missed during automatic
scans over frequency spans:

1) for a smgle sweep the measurement tlme at each frequency must be larger than the
N

2) for hould be
suffjcient for intercepting intermittent signals

The freq e video

bandwidth setting. If the scan rate is chosen too fast for the giwen ins roneous

measurgment results will be obtained. Therefore, a sufficig S i ds to be

chosen for the selected frequency span. i i Q) S either a

single sweep with sufficient observat|on time at each g i bps with
maximu i e highly

efficient ¢ gnals to
discover|. the periodicity @t which
interferipg signals occur. In some ca§es, i ave to be varied in |order to

avoid sy

When dptermining the minimum sweep ti asurements with a spectrum analyzer or
scanning EMI receiver, etting and using peak detection, two
different] cases have to bs bandwidth is selected to be wigder than
the resqlution bandwi can be used to calculate the minimum
sweep time:

(1)
where

s min
Af

Bres
constant

For nearly rectangular, stagger-tuned filters, k has a value between 10 and|15.

If the video bandwidth is selected to be equal to or smaller than the resolution bandwidth, the
following expression can be used to calculate the minimum sweep time:

Ts min = (K X &f)  (Brgs * Byigeo) 2)

where B = Video bandwidth

video

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.
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In addition, for repetitive sweeps, the number of sweeps per second will be determined by the
sweep time T, s min @and the retrace time (time needed to retune the local oscillator and to store
the measurement results, etc.).

2.3.5.3 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 resqlution bandwidth
used or|less (depending on the resolution filter shape) is required to reduce urement
uncertaipty for narrowband signals due to the stepwidth. Under these/ass i he scan
time T, i i \

TsminszmmxAﬂ( res (3)

where T}, min = Minimum measurement (dwell) time at each™

In addition to the measurement time, some time h consideration for the
synthesiger to switch to the next frequency ang irwa e to Store the meagurement
result, yhich in most measuring & al y done so that the [selected
measurgment time is the effective tim S entresult. Furthermore, the |selected
detector] e.g. peak or quasi-peak, deter od as

For purely may be increased. In this case the

2.3.5.4 [|Strategies fo ini pectrt efview using the peak detector

For each presca@ ility of intercepting all critical spectral comjponents
of the EUT spect g % or as close to 100 % as possible. Depepding on
the type| of measuri iVe o Characteristics of the disturbance, which may contain

narrowbfnd and k ponents, two general approaches are proposed:

— step
meas$
be Ic

— swept scan:'ibe N rement time must be larger than the intervals between intgrmittent
signLTIs (singte_sweep) and the number of frequency scans during the observation time

yent (dwell) time shall be long enough at each frequency to
¢ e<. for an impulsive signal the measurement (dwell) timge should
iprocal of the repetition frequency of the signal.

shoulddbe-maximized to increase the probability of signal interception.

Figures 1, 2 and 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.
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Repetitive sweeps with maximum hold

Spectrum
display

'

T, is the

vs.-tin

pulse-repetition interval of the impulsiv
e display (upper part of the figure).

Figure I — Measurement of a inati S ‘NB”) and an impulsive signa

g ¥ maximum hold
If the type of emission|is |p|e weeps with the shortest possible sweep
peak defection al m envelope. A short single sweep is suf
measure content of the EUT spectrum. For co

broadba
“maximy
repetitio
the broa

The red
This car
used in
as e.g. g

A

>
>

1833/03

ctrum-

(“BB”)

ime and
ficient to
ntinuous

4 using a

For low
elope of

basured.
display,
o output
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f Stepped scan for spectrum sampling

:!
>

Spdctrum
disglay

1 >

1835/03

[, Which

is the in

Interri
NB

Cont.
NB

Y/
:IF Bandw.

v

A : : : : : :
Spectrum <—§1st sweep—» <—§—2nd sweep—» <~§—3rd sweep:—b <—§—4th sweep—» <§—5th sWeep—>

display ; : : : : : i

nf
IEC 1836/03

Figure 4 - Intermittent narrowband disturbances measured using fast short repetitive sweeps
with maximum hold function to obtain an overview of the emission spectrum

NOTE In the example above, 5 sweeps are required until all spectral components are intercepted. The number of
sweeps required or the sweeptime may have to be increased, depending on pulse duration and pulse repetition

interval.
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Intermittent broadband disturbances have to be measured with discontinuous disturbance
analysis procedures, as described in Part 1 of this standard.

2.4 Measurement of disturbances conducted along leads, 9 kHz to 30 MHz
2.4.1 Introduction

When testing for compliance with emission limits for electromagnetic disturbances conducted
along leads, the following items shall be considered as minimum, both in the standardized
situation (type tests) and at the place of installation (in situ tests):

a) the types of disturbances: there are two methods of measuring conducted disturbances,
i nt. Both

— cpommon mode (also called asymmetrical mode);
— differential mode (also called symmetrical mode);
— unsymmetrical mode;

NOTH The unsymmetrical mode voltage is primarily measured 4 The common mode

voltade (or current) is measured primarily for signal and control

b) en in relation to the
disturbance properties to be determined (see 2.4

c) the gssociated equipment: the type ts i , current
probgs or voltage probes, is chd in 9 e to be

measured in accordance with 2.4.1\a). | 3 ents RF

d) RF Ipad conditions of the disturbance sourge=ihe yeasuring set-up will present cqdrtain RF
load| impedances to ih the EUT. These impedances are
stanglardized in type tests © i ¢ conditions at the place of installation in
the qase of in situ te 4

e) the test configuatie : zed test configuration shall specify the reference
groupd, the n of th fand assdciated measuring equipment with respegt to that

d the EUT

reference grour
with iz

242 M

In gen rbances.
Continug X y equency
domain |param equency

The measuring sets and other measuring equipment specified in CISPR 16-1 shall be used.
For time domain measurements oscilloscopes etc. may be used.

2.4.2.1 Use of detectors for conducted disturbance measurements

CISPR 16-1 specifies the characteristics of detectors that are required to perform measurements
per product specifications. Several of these product specifications require the use of both
quasi-peak and average detectors for conducted disturbance measurements. The time
constants of these two detectors are very long and make automated measurements time
consuming.

A peak detector with shorter time constants may be used to make initial measurements and to
determine compliance with a limit. But if the measured disturbance levels are above a limit they
shall be followed by measurements with the quasi-peak and average detectors.

Annex D provides guidance on how these measurements may be performed efficiently.
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2.4.3 Associated measuring equipment

Associated measuring equipment for conducted disturbance measurement is divided into two
categories:

a) voltage measuring sensors, such as artificial networks (AN) and voltage probes;

b)

NOTE The artificial network is sometimes referred to as impedance simulation network (ISN).

current measuring sensors, such as current probes.

2.4.3.1 Artificial networks (AN)

The common mode, differential and unsymmetrlcal mode impedances of actual networks such
as of p f
Therefo
referred

the EUT].

actual n

with defi

2.4.3.1.1 Types of artificial networks

Wer mams_and eliepnones, dle focation depenaent and,

e, type testing of disturbance requires standardized impedan
to as artificial networks (AN). The AN provides standardized
For this purpose, the AN is inserted in series with the ten
btwork or signal simulator. In this way the AN simulates g
ned impedances.

varying.
etworks,
ances to

?nd the
g lines)

The ANp ons call for|another

construgti

a) the the EUT
term reas no
impe eSe terminals. The conptruction
defin ode voltage measured. In principle,
therg i.e. for the number of lings to be
measured by V-type

b) the Delta-type AN: i vrange¢ the RF impedance between a paif of EUT
term|nals to be m gd_a eSe terminals and the reference ground have a
defined valug/Thi Alle i ipectly both the differential and the common mode
RF load impe D
Additi ance trarisformer makes it possible to measure the symmetric
and

c) the tween a
pair d value.
In gg med differential load impedance is included in a T-type AN as such.
The impedance must then be provided by the external circuit cgnnected
to the supp terminals of the T-type AN. This type of AN is used to measure common
modeg disturban oltages only

2.4.3.1.2 Minimum requirements

The AN shall meet the following minimum requirements:

a) in a defined frequency range the AN shall provide defined RF impedances between the
terminals of the EUT to be measured and between these terminals and the reference
ground. By meeting this requirement, the disturbance source to be measured is loaded in a
defined manner if, in addition, the test configuration (see 2.4.4) is defined;

if the AN is intended to separately measure common mode and/or differential mode
disturbances (see 2.4.3.1.1), the rejection ratio of differential to common mode signals, and

vice

versa, shall be specified in the appropriate frequency range;

in a defined frequency range there shall normally be an isolation between the defined RF
impedances and the actual network (or a signal simulator) so that the loading of the AN by
the actual network (or the signal simulator) does not unduly influence the value of any of
the defined RF impedances;
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d) the AN shall provide a defined connection (connector) to which the defined measuring
equipment can be connected, in order to make a defined test configuration possible.

The input connector shall be suitable for measuring equipment with 50 Q input im
as defined in CISPR 16-1;

e) the AN shall provide a defined connecting point to which the reference ground
connected, in order to make a defined test configuration possible;

f) the AN shall be calibrated according to a prescribed procedure.

2.4.3.1.3 Additional requirements

The AN shall have the following additional requirements:

pedance

can be

a) the AN shall contain a decoupling or blocking network to prevent:

— damage of the components forming the defined RF impedar
vpltages of the network, such as the mains voltage,

— damage of the components forming the defined RF j
roduced by the EUT, such as switching transients,

— influence of the rated line voltages on the measuring
the input stage of the measuring equipment;

b) the AN shall contain a filter to prevent intentional a
simullator influencing the measuring results.

2.4.3.2 NVoltage probes

For standardized voltage probes, see

Disturb1r)1ce voltages on

d lings. In(ge

mode disturbance voltage. e\proby
be meas @

2.4.3.2.1

a) Ina a.the voltage probe shall provide a high RF impedance

b) The | have a blocking capacitor of such a value to ensure
voltage C the measuring receiver.

c) The |voltage probé shall provide a defined 50 Q connection (connector) to w

easured
, control
common
minal to

between
sured.

that line

hich the

stan@lardized measuring receiver can be connected, in order to make a defined dis

urbance

measurement.

d) The voltage probe shall provide a defined connection point to which the reference ground
can be connected in a defined manner via a lead of defined maximum length unless the

reference ground is connected to the EUT in another specified way.
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e) The voltage probe shall be calibrated according to a prescribed procedure, where this
procedure shall account for parasitic effects near the test point, for example unwanted
capacitive coupling between the test point and the screening of the probe. The voltage
division between probe impedance and input impedance of measuring equipment shall be
independent of frequency or accounted for in the calibration process.

f) The voltage probe name-plate shall state the maximum line voltage.

2.4.3.3 Current probes

Current probes or current transformers allow the measurement of all three types of disturbance
current (see 2.4.1) on mains leads, signal lines, load lines etc. A clip-on construction of the
probe will facilitate its use.

The commmon mode current on leads is measured when the current i around
those leads, regardless of the number of wires. In this situation, th Surrents
on the I¢ads will induce signals with equal magnitude but opposjte si signals

cancel tp a high degree. The latter effect allows the measure of a8 ode current
with a gmall amplitude in the presence of differential mode ] th large
amplitude.

For already defined (and standardized) current probeg

2.4.3.3.1 Minimum requirements

a) In a|defined frequency range the c edance,
that (s, a defined ratio of the RF voltage indy ' e probe and the known RF cyrrent on
a sinlgle wire running through the prpbe, 2 i a specified way.

b) In a [defined frequency is of the

EUT| shall be less

c) The purrent probe sha s t 9 fields on
the measurin{}su p :
d) The purrent prebe ) i defiged connection (connector) to which the defiped (and

stanglardized) ned test

conf nt to be
used

e) The bturation
effed

f) The

2.4.4 Equipment test configuration

2.4.4.1 Disposition of equipment under test and its connection to the artificial network

For measurement of the disturbance voltage the equipment under test (EUT) is connected to
the power supply mains and any other extended network via one or more artificial network(s)
(in general, the V-type network is used for this purpose) (see Figure 5), in accordance with the
following requirements. Other CISPR publications supply additional test details relevant to
particular EUTs.
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EUT
Non-conductive table
10 cm 1,5m X 1,0m
10 cm
6 I \
/ T
] /
5
v L e [y A
| [ | | L/ 80 cm to
| { /] 1 A ground plane
N4 4
J ¥
—\ = % N\

-—r"

1
|
\
AMN AMN AMN
No. 1 No. 2 No. 3 40 cm
EUT Associated |Protective /' \\
equipment |earth

ground >

nd@s grotundplane extends at
st nd EUT system footprint

@ O

IEC| 1837/03
Intercq lane shall be folded back and forth forming
a bund between the ground plane and the|table.

1/0 ca i ) e dbed in the centre. The end of the cable may be
termin e total length shall not exceed 1 m.

EUT i of AMNs must be terminated with 50 Q. [AMNs are
placed ¢ from vertical ground plane.

3.1 A A P

3.2 H i aw) from associated equipment are connected to AMN No 3.
Cableg s keyboards, mouses, etc. shall be placed as close as possfible to the
host.

Non-E

Rear g i shall all be aligned and flush with rear of table top.

Rear oved from a vertical conducting plane that is bonded to the flgor ground
plane.

nfiguration: table-top equipment for conducted disturbance
asurements on power mains (see 2.4.4.1 and 2.4.4.2)

An EUT, whether intended to be grounded or not, and which is to be used on a table is
configured as follows:

either the bottom or the rear of the EUT shall be at a controlled distance of 40 cm from a
reference groundplane. This groundplane is normally the wall or floor of a shielded room.
It may also be a grounded metal plane of at least 2m by 2m. This is physically
accomplished as follows:

all other conductive surfaces of the EUT shall

place the EUT on a table of non-conducting material which is at least 80 cm hig
the EUT so that it is 40 cm from the wall of the shielded room, or

place the EUT on a table of non-conducting material which is 40 cm high so
bottom of the EUT is 40 cm above the groundplane;

groundplane;

h. Place

that the

be at least 80 cm from the reference
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— the ANs are placed on the floor as shown in Figure 5 in such a way that one side of the AN
housings is 40 cm from the vertical reference ground plane and other metallic parts;

— the EUT cable connections shall be as shown in Figure 5;

— the optional test configuration for table-top EUT with only a power cord attached is shown in
Figure 6.

Floor-standing EUTs are subject to the same provisions as above with the exception that they
shall be placed on a floor, the points of contact being consistent with normal use. A ground-
connected floor of metal shall be used but shall not make metallic contact with the floor
support(s) of the EUT. The metal floor may be used as the reference ground plane and
shall extend at least 50 cm beyond the boundaries of the EUT and have minimum dimensions
of 2 m by 2 m. For examples of test configurations, see Figures 7 and 8.

The artificial network is RF bonded to the reference groundplane by a\lo equency
impedarijce connection.

NOTE The “low” radio-frequency impedance value should preferably be leg /| This can,
for example, be achieved if the housing of the artificial network is mounted difectly te _the refer d plane or
its connedtion strap has a length-to-width ratio not more than 3:1.

The EUT is located so that the distance between the bou osest slirface of
the artificial network is 80 cm.

The power mains leads to an artificial network and\t twork to
the meapuring receiver must be arrangedq su ence the
measurgment results. EUTs, which s i ds, are

connected to the artificial network with g 3 uipment
documentation.

If the EUT is to be conn f a lead
running parallel to the EU same length at a distance of not more than
10 cm friom it, unless g ground cond i ined in the mains lead itself. If a fixed lead is
attached to the EUN th ; if in excess of 1 m, part of the lead is folded back
and forth in the Q ¢ ds possible so as to form a bundle not exceeding
40 cm irf length, and 4 [ of a non-inductive serpentine in such a way| that the
total lenpth of the lea 1 m (see also Figure 9). However, when the|bundled

lead may influ ent results, a shortening of the length to[ 1 m is
recomm

24.4.2 measurement of unsymmetric disturbance voltages

2.4.4.2.1 Di ition>of equipment with ground connection

For eq ilr_\mnnf under test which is rnquirnd to _be grmmdnd r*Inring its npnrnfinn or the
conductive housing of which can come into contact with ground, the unsymmetric radio
interference voltage of the individual mains lead is measured with reference to the reference
metal wall (general mass of the measuring equipment) to which the housing of the equipment
under test is connected via its protective ground conductor and the ground connection of the
artificial mains network (see the equivalent circuit in Figure 10).

The parameters determining the interference potential of grounded test units are discussed in
Clause A.3.

For EUTs with two or more power and safety conductors or special ground connections the
measurement result depends much on the termination conditions of the mains terminals and
the grounding conditions (refer also to 2.4.5 on measurement in systems).
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(see 2.4.4.1)

>80 cm

IEC 1838/03
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EUT
0
| A
LAl N
. A\ AN\
2
—
8
€ )
AMN g AMN ¢
Bonded te_horizgnt: dplane
IEC 1839/03
1 Excess sKall be Bundled in the centre or shortened to appropriate length.
The EUT and 2SS
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e / 40 cm to vertical nded to groundplane
g Bonded to groundplane

groundplane

The interconnecting cables which hang closert
forming a bundle 30 cm — 40 cm long, hafging approxima
the tafjle.

2 Exces$ power cords shall bebuhdled,

The EUT is connected tq
other ¢quipment is pow

4 The EUT and the cablest\shall be\
5 The /P cable t '
reachipg the groun®’pléne

Figyre
see 2.4.4.1 and 2.4.5.2.2)
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nterface cable(s
\}/\\\/> to interconngcted
units - see note 6
uipment
nder test
IEC 1841/03
The lgngth of the 3 Q cm shall be folded into a serpentine-like bundle and not
coiled
Connefction of the Q£ d : provide a low impedance path at high frequencies. |t shall be
made psing a solid f|& a nat\has a length-to-width ratio of not more than 5 to 1.
The C|SPR measiri F grounded to the reference ground plane via the outer conductor of
the cogpxial cahle.
Dotted li

Optio
Intercq

A tablg
and a
instrun

hentation.

m square
Bystem or

Figure 9 — Schematic of conducted disturbance voltage test configuration
(see 2.4.4.1 and 2.4.5.2.2)
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“V*power mains network
Decoupling circuit (filter)

5 Metallic wall
A Power input
Bo Reference earth connection
LY, Ly Power cord connection (100 cm)
P EUT plug to mains network
Cy Stray capacitance within EUT to metallic parts
C, Stray capacitance of EUT to metallic wall (earth)
Ck Coupling capacitors within mains network
D, Inductor (choke) for safety ground wire
K Conductive structural parts of the EUT
L Inductance of connecting wires
M Fictitious mid-point of the internal common mode voltages
Ry Simulation resistances (50 Q or 150 Q)
Zg Symmetric internal resistance of EUT

Z4u, Zoy ~ Common mode resistance of the EUT
Uyy, Uy, Internal common mode voltage of the EUT
Uqo, Uyg External measurable common mode voltage

Figure 10 — Equivalent circuit for measurement of common mode disturbance
voltage for Class | (grounded) EUT (see 2.4.4.2.1)
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As the ground safety conductors in the actual mains power supply installation may have a
considerable length, and therefore do not guarantee a ground impedance as low and effective
as in the standard test set-up with only a 1 m long ground wire connection to the reference
mass, and moreover, since safety conductors need not be used on every product per IEC 60364-4,
disturbance voltage measurements on pluggable Class | appliances shall be carried out
according to 2.4.4.2.2, also without the safety or ground wire being connected (non-grounded
measurement). If however for safety reasons it is necessary to maintain the safety function of
ground wires, this can be achieved by the use of an RF choke or impedance equal to the
network impedance of a V-network in the safety wire path.

Exceptions may be made for non-radiating or well screened EUTs which have to be grounded
according to special requirements or instructions (see A 2.1 and A 4.1).

2.4.4.2.2 Disposition of equipment without ground connection

Devices| without ground connection comprise electrical devices \witk i 'm)sulation
(protectipn Class Il) and devices which can be operated withgdtng ) bnductor
(device pf protection Class Ill) and also pluggable protection Chq .\ s d via an
isolating| transformer. For these devices, the unsymm i of the
individugl conductors must be measured with respect to d of the
measurgment arrangement as shown in the equivalen{ i

Since in| the long and medium wave bands (0 16 MK urement
can be ponsiderably influenced by the ' and the
reference ground, and since it is dete ent must
be exadtly followed and other externalN\ nce, for
exampld, should be avoided.

2.4.4.2.3 Disposition of Ha

Measurgments shall firg iy iti nts shall
then be made using the artifici d.de ded i -1.

The general prinil ) iny the application of the artificial hand is shown in
Figure 1B. i : ] W ing metal
work an with the
EUT. M retalwork
and shall be

The arti reof, as
specified below: ent (see
Figure 1) cansisting ofa capacitor of 220 pF * 20 % in series with a resistor of 510 Q * 10 %; the
other terminal of the’RC element shall be connected to the reference earth of the mpasuring

system.

The artificial hand is to be applied the following way:

a) when the case of the EUT is entirely of metal, no metal foil is needed, but the terminal M of
the RC element shall be connected directly to the body of the EUT;

b) when the case of the EUT is of insulating material, metal foil shall be wrapped around the
handle B (Figure 13), and also around the second handle D, if present. Metal foil 60 mm
wide shall also be wrapped around the body C at that point where the iron core of the motor
stator is located or around the gearbox if this gives a higher emission level. All these pieces
of metal foil, and the ring or bushing A, if present, shall be connected together and to the
terminal M of the RC element;
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2

FC 1844/03

IEC 1845/03

NOTE R

voltage for Class Il (grounded) EUT (see 2.4.4.2.2)
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]
I I
M1 ' |
I ¢c |
I [
220 pF +20 % | |
] |
y
510Q+10 %
D
Metal foil wrapped around case in fron
IEC 1846/03 of iron core of motor stator or gearbg
IEC 1847/03

Figure 12 | RC element for artificial p ble e ilPwith artificial
hand (see 2.4.4.2.3) 3 >

c) when the case of the EUT is partl a ing“material, and has ipsulating
handles, metal foil shall be wrapped>s p

non-metallic at the location of the me netahfol 60 mm wide shall be wrapped around
the K 3 rnatively
arou al a btained.
The metal part of the Gody i and the
metgl foil on the bqdy 3 the RC

example an ndles A
and r and to

elen']‘ent;
d) when the EUs » insulagihg material A and B and a case of mefal C, for

Metal body Metal foil wrapped round hardle

Insulated handle

Guard (if fitted)

A and B: handles of insulating material

IEC 1848/03

Figure 14 — Portable electric saw with artificial hand (see 2.4.4.2.3)
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2.4.4.2.4 Disposition of keyboards, electrodes and other equipment sensitive
to human touch

In the case of such equipment the artificial hand shall be applied as required by the product
specifications and in general according to 2.4.4.2.3.

2.4.4.2.5 Disposition of equipment with external suppression components

If interference suppression devices are attached outside the EUT (e.g. in a plug device for
connection to the mains) or as an element inserted in the connecting cable (power cord
emission suppression device), or if shielded power cords are used, an additional 1 m long
unshielded cable must be connected between the emission suppressmn device and the
artificial 3 ; jevice and
the emigsion suppressmn dewce must be placed in the dlrect prOX|m|ty of the tes objedt.

24.4.2.4 Snd
NOTE 1 provisions
of 2.4.4.4 11 shall apply.

NOTE 2 arate test
procedure, T

NOTE 3 R product
publication.

Measurgments are not required when : auxiliary
apparatds is permanently £ i hielded,
provided that in the latte e metal
housing|of the EUT and S il . ugs and
sockets i i ents are
required

The equj A.2, with

the followi

a) the 3 : distance
from| the 'grounded surface and if the lead is long enough, it is to be tieated in
accojpdance, wi :4.4.1. the auxiliary lead is shorter than 0,8 m, its length |shall be
maintai 8 he auxiliary apparatus shall be placed as far away as possible from the
mai ’ hen the auxiliary apparatus is a control, the arrangements for its
oper ffect the level of disturbance;

b) if an|EUF having an auxiliary apparatus is grounded, no artificial hand shall be conrected. If
the ) pe connected to the
EUT and not to any auxiliary apparatus;

c) if the EUT is not made to be held in the hand, auxiliary apparatus which is not grounded
and is made to be held in the hand must be connected to the artificial hand. If the auxiliary
apparatus is not made to be held in the hand either, it shall be placed in relation to a
grounded conducting surface as described in 2.4.4.1.

In addition to the measurement on the terminals for the mains connection, measurements are
conducted on all other terminals for incoming and outgoing leads (e.g. control and load lines)
using a voltage probe connected to the input of the measuring receiver.

The auxiliary apparatus, control or load is connected to allow measurements to be made under
all provided operating conditions and during interactions between the EUT and the auxiliary
apparatus.
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Measurements are performed both on the power input terminals of the EUT and the power
input terminals of the auxiliary apparatus.

2.4.4.3 Measurement of common mode voltages at differential mode signal terminals
2.4.4.3.1 Measurement using the delta-type network

The common mode disturbance voltage at the terminals for differential mode signal lines of
telecommunication, data processing and other equipment is measured with delta-networks in
accordance with 5.1.6 of CISPR 16-1, in the frequency range 150 kHz to 30 MHz. The delta-
networks specified in CISPR 16-1 could be amended in order to allow signal and d.c. current
paths needed for the proper functioning of the EUT as long as the requirements on differential
mode and common mode impedances of CISPR 16-1 are complied with.

When ifferential
mode re uring a
commor erential
mode si

When the EUT is to be measured on its power supply™ \ i artificial mains
network| all voltage measurements shall be carri v fworks caonnected

simultaneously. The provisions prescribed in 2.4.4.1 & 42 are observed.
NOTE The frequency range of the delta-network can be d usihg the same network impedance if
decoupling of the connected signal line and coupling to theWeasuri are/designed accordingly.

2.4.43.7 Measurements using the

Alternatively a common mqde artificial ne eng.\a 1-type network according to| 5.10 of
CISPR 16-1, can be used ment)of copnmon mode disturbance voltagés in the

frequengy range 9 kHz to

In contrpst to the ' ides a differential mode and a commgn mode
terminatjon with Qn i dapnces of 150 Q, the T-network provides only a pommon
mode termination of 0 loading and high isolation to the differential mode

operatio
At the ;5 i pe network a signal simulator, load circuits for d.g. or the
operatio e EUT or other circuits needed for the operation of the EUT

can be circuits shall either themselves provide a differential mode RF
resistan , as required for the particular EUT, or with a termination tq provide
this resistancexlWhen\no external circuit is specified for the operation of the EUT a rgsistor of
150 Q shall be conngeted as differential mode RF termination to the T-type network. Higure 15

shows apexample of a T-type network.
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P Ly A
- : A%
B I M C 18%9/03

1
2 End of winding

A Terminals for telecom
B Terminal for ground (n
M

2.4.4.4

2.4.4.4.1

In orde hes, the
disturba al mains
network$ from the
mains) g easured

with a voltage probe with a high input impedance (1500 Q or more) to ensure that the |ines are

not loadgd by the probe.

For these cases, however, the primary power input wires must be isolated and RF terminated
with the AMN. For the remaining lines, also those not to be measured with the probe, the
corresponding conditions of 2.4.4.1 and the operating conditions laid down for the individual
devices in the respective product specifications (e.g. CISPR 11 and CISPR 14-1) must be
observed in regard to arrangement and length. The voltage probe is connected to the
measuring receiver via a coaxial cable, the screen of which is connected to the ground
reference and the case of the voltage probe. No connection shall be made directly from this
case to live parts of the EUT.

Figure 16 shows an example for a test set-up for measuring the interference voltage of a semi-
conductor regulating control.
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Mains terminals
Artificial mains V-network

Load terminals

50 Q/50 uH
! 3
- : -
: Insolating | Regulating
Mains voltage iy i \ control 4 . Load
— | | -~ &
i T C _J_
i i
B R Probe
2 C 20,005 pF
1 e - R<1500Q
\Z, =N
. Coaxial cabl
@ To remote component
Measuring receiver
EC 1850/03
Switch pgsitions:
1 For fnains measurements
2 For Ipad measurements
3and 4 Successive connections during load measurements
NOTE 1 [The earth of the measuring receiver shall be connéec
NOTE 2 [The length of the coaxial cable from
NOTE 3 When the switch is in position 2, the shall be
terminatedq by an impedance equivalent to that of the
NOTE 4 Where a two-terminal regulating control is inserteddn™qne &3 s shall be
made by donnecting the second supply lead as indicatedNin-Figure\l6a
Figure 16 ple.far voltage probes (see 2.4.4.4.1)
: Load terminals
Regulating control PY °
p L J
Mains_tert IS Load
To remote component
IEC 1851/03

Figure 16a — Measurement arrangement for two-terminal regulating controls
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2.4.4.4.2 Without an artificial mains network

During testing of EUTs which are not to be measured with artificial mains networks, the
disturbance voltage is measured across a defined simulation resistance (e.g. artificial fence
simulation in 7.3.7.2 of CISPR 14-1 or under open-circuit conditions with an exactly defined
arrangement and line layout taking into consideration the specifications of 2.4.4.1). The
disturbance voltage is measured with a high-impedance voltage probe.

This is valid also for e.g. power electronic devices which are fed from their own separate power
supplies or battery devices to which separately installed lines are connected which are not to

be loaded.
In the cpse of disturbance voltage measurements on separate individugl power sodrces for
currents| of more than 25 A (e.g. battery, generator, convertor), an i e agurement
must belapplied to ascertain that the tolerance of the simulated resi ascordance with
CISPR 16-1 is not exceeded.
The flex 1500 Q
should 1 equency
and sha | ference
ground. int by the screening of the
probe, t i creened
connect tance of
the test
2.4.4.4.7
Where can be
used as|a voltage probe. g ¢ i lines of
the EUT|(single or three-pha
Prior to|connecting an pply, it must be safely connected to {he local
physicallearth P@
WARNING: Befo e mains
suppl cted as
a voltage prabe d by the
suppl . 3 ve cover
or oth
In the fr ected to
the maips via>™an inductance of 30 pH to 50 pH (see Figure A.8, configuration|2). The
inductarnjcesmay be lized by a choke, a line of 50 m length or a transformer. In the frequency
range of 9.kHz to 150 kHz a greater inductance will normally be required for decoupling from

the mains. This guarantees also a reduction of noise from the mains network (see A.5).

Since measurements are preferable with AMNSs in their standard configuration, the AMN as a
voltage probe should only be used for in situ tests and where practical current limitations are
exceeded. It shall not be used for testing according to a product standard unless it is referred
to in the product standard as an alternative measuring method.

2.4.4.5 Measurements using current probes

Disturbance current measurements may be useful for several reasons. The first is that in some
devices it may not be possible to insert an artificial mains network. This is particularly true
when tests are performed on installed systems, or where the EUT has very high currents.
A second reason for the use of the current probe is that at the lower end of the frequency
range the mains impedance becomes very low, so the disturbance source is a current
generator. The measurement of this current can be made by means of a current transformer
without interrupting or disconnecting the mains connection.


https://iecnorm.com/api/?name=9005282698ed1fd2f37571801be36320

CISPR 16-2 O IEC:2003(E) —-41 -
Current probes shall conform to the requirements of 5.2 of CISPR 16-1.

Current probes enable the direct measurement of the D common mode components of the
disturbance current by enclosing the cable containing all leads. Therefore, common mode
disturbance currents can be easily separated from differential mode operating currents.

If measurements are performed with known load and source impedances, the disturbance
voltage can be calculated.

If only one conductor is enclosed, the superposition of the differential and common mode
disturbance current components is measured. If, in this case, any extremely high (above 200 A)
operating current exists, there is a risk of false data because the magnetic cqre of the current
probe mpay saturate.

2.4.5 System test configuration for conducted emissions measuyfe
2.4.5.1 |General approach to system measurements

The geperal objective of defining a system test config emission
measurgments has the following key points:

— duplicating requirements in 2.4.1 (to stem test to the maximum extent

possiible.

2:4.4 ¢
Whenever possible, the distur 5ystem line shall be measured with an AN.
For currents up to 50 £ L sily. The AN shall be installed with{n 80 cm
of the system equjpment béin surgd. Bach wire of a multi-wire power mains cirguit shall
be routed throug@A p minated with a 50 Q resistor at the meagurement
terminal

The EUIl shall S pnected with cables terminated in accordance |with the
manufadturer'sN i

For som ehts\relevant product publications may state a specific load to |be used
together| Wi robes, instead of an AN. A voltage probe may also be used for
conduct nts"when the mains current is above 50 A and an appropriate AN is not
availablg. In(this ase test results with an AN will take precedence over the results with a
voltage probe, however.

For some measurements, the use of current probes may be specified in the relevant product
publication.

2.4.5.2 System configuration

The system shall be carefully configured, installed, arranged and operated in a manner that is
most representative of the system as typically used (i.e. as specified in the instruction manual)
or as specified herein. Equipment that typically operates within a system made up of multiple
interconnected units should be tested as part of such a typical operational system.

Generally, the system that is tested shall be of the same type that is supplied to the end user.
If the marketing information is not available or it is not practical to assemble extraordinary
amounts of equipment to replicate a complete product installation, the test shall be performed
using the best judgement of the test engineer in consultation with the design engineering staff.
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The results of any such discussion and decision process shall be documented in the test
report.

The selection and placement of cables, a.c. line cords, host and peripherals depends on the
type of EUT and must be representative of expected equipment installation. Three types are
distinguished. First, there are systems normally used entirely on one table top. A second type
of system consists of equipment normally used in a floor-standing configuration. These include
systems mounted over a specially designed raised floor which facilitates intra-system
connection under the raised floor. Equipment making up the floor-standing system can be
interconnected with cabling lying on the floor, under the floor in a raised floor installation, or
overhead according to normal installation. Third, there are systems that are a combination
of floor-standing and table-top systems. The remainder of this clause provides instructions
for the testi iti ifi ' i to2.4.4
shall be jobserved.

Equipment in a system, normally being floor-standing, shall be placé
with 2.4]4.1. Equipment designed for both table-top and floor op
the tablg-top configuration.

?rdance
only in

2.4.5.2.1 Operating conditions

The sysfem shall be operated at the rated (nominal
tions — mechanical or electrical, or both — for whic dads may be actual or
simulate ipme ) some systems, if may be
necessalry to develop a set of expliciKrequj ifyi e’test conditions, opgrations,

and typical logd condi-

etc.tob
If the sy i e following operating conditions apply

a) set the contrast co

b) set the brightness ton imye ccurs at
less than ma

c) for cplour monitors swhi 3 f a black background to represent all colours;
d) sele

e) set
char

of characters per line so that the maximum nymber of
Jayed;

f) fora i t-h'as Yo graphics capabilities, regardless of the video card used, g pattern
consjisti text shall be displayed;

g) for a moni i raphics capabilities, even though another video card may be ng¢eded to
accomplish a hic display, a pattern consisting of a line of scrolling Hs should be
displayed;

h) if a monitor has no text capabilities, use a typical display.

2.4.5.2.2 Interfacing equipments, simulators and cables

Compliance testing is performed with peripheral and cable placement which is judged realistic
and likely to be found in the final installation. Figures 5, 7, 8 and 9 describe standardized test
set-ups which will provide a basis for repeatability among testing laboratories and is consistent
with the requirement for a realistic system and cable orientation. Any deviation from the
standard test set-ups shall be documented together with its supporting rationale.

Since a system is required to interact functionally with other units, the actual interfacing units
should be used. Simulators may be used to provide representative operating conditions,
provided the effects of the simulator used in lieu of an actual interfacing unit properly represent
the electrical, and in some cases the mechanical, characteristics of the interfacing units,
especially concerning RF signals, impedances and shield terminations. Because of the added
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degree of uncertainty when a simulator is used, such use should be avoided if possible. In case
of a dispute, measurements made with an actual interfacing unit shall take precedence. If a
device is designed to be used only with a specific host computer or peripheral, it should be
tested with that computer or peripheral.

Interfacing cables should be typical of normal use as supplied with the normal system and at
least 2 m long unless the manufacturer's user manual specifies shorter cables. The same type
of cable (that is, non-shielded, braided shield, foil shield, etc.) specified in the user manual
should be used throughout the tests. Excessive lengths of cable shall be folded into a
serpentine-like bundle at the approximate centre of the cable with the bundles 30 cm to 40 cm
in length.

If shield atement

must be| included in the test report and in the instruction manual advisi d to use

those types of cables.

Interface nctional

interfacq bf actual

usage. 3 nnecting

cables ghall be added to the system to determine the effec 2 missions

from thel system.

Normally

a) avail

b) reas

The rati 3 bd in the

test report; that is 25 % of possible ncrease

by more| than 2 dB when gne rt units,

interfacihg units or si - 3 ninimum

required| system, need

2.4.5.2.3 Mains c

If the s point of

connection for

a) each tetminates in a mains supply plug of a standard design (IEC 60083,
for ted separately;

b) pow Is which are not specified by the manufacturer to be connecied via a
host e tested separately;

c) powegr.cords or field wiring terminals which are specified by the manufacturgr to be

connecied to a host unit or other power-supplying equipment shall be connecied to that
host unit or other power-supplying equipment, and the terminals or cords of that host unit or
other power-supplying equipment are connected to the ANs and tested;

d) where a special mains connection is specified, the necessary connection hardware to the
AN shall be supplied by the manufacturer for the purpose of the test.

The ground safety conductor of units separately powered shall be isolated from the equipment
under test by a 50 pH AN in the frequency range 0,15 MHz to 30 MHz. The normal AN mains
input is connected to the reference ground in this use of the AN as a filter.
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2.4.5.3 Measurements of interconnecting lines

In addition to the measurement on the terminals for the mains connection, measurements may
need to be performed with a voltage probe on other terminals for incoming and outgoing leads
(for example control and load lines). If the function of the equipment under test is affected by
the 1 500 Q impedance of the probe, the impedance at 50/60 Hz and at radio frequencies may
need to be increased (for example 15 kQ in series with 500 pF). In place of a voltage
measurement, a current measurement with a current probe may also be used, if required (or
offered as an option) in the product specification.

During the measurement, the ANs on the mains lead remain in place to provide a defined
mains isolation and a defined RF termination. The auxiliary apparatus_(control, load) is
connect ons and
during interactions between the equipments. Measurements are specified
terminals of each equipment.

If the connecting lines between equipments are permanently fixe d either
shorter than 2 m or shielded, no measurements are necessary, i i ter case
the shielded cable is connected at both ends to the referep€e™groun i using of
the equipments. Non-shielded connecting lines with plug G ed to be
extendable to a length of more than 2 m and therefopé 2 m and

must be| tested. Shielded cables must be at least 2
shorter ¢ables.

specifies

2.4.5.4 Decoupling of system componen

One of |the sources of inaccurate cpnducted ments in a system is any| ground
circulating current. This ground current m eninte ed by installing a 50 pH AN in the
frequengy range 0,15 MH - 174 the g d safety conductor to the EUT.

An addi
between
50 uH A

be the shields of interconnecting cables
gnductor to these units shall also be isolgted by a

The measuremen ferenced to ground only at the measurement| point to
prevent (i hazard may exist if the measuring set is not |supplied
with an i

2.4.6 In

Testing ed at the end user's or manufacturer's premises, if the system cannot
be set yp_on_test . In this case, both the system and its location are consideref as the
system |tested. The emission results are unique to the installation site becalise site
containment properties affect the measurement. However, where testing of a given system has
been accomplished at three or more representative locations, the results may be considered
representative of all sites with similar systems for purposes of determining compliance with
emission requirements (if allowed in the procuring or requirement document.)

The disturbance voltage shall be measured under the existing conduction conditions with non-
reactive pick-up devices (high resistance voltage probes). The conduction conditions and
measurement results are affected by:

— the existing reference ground or the reference mass used during measurement. Neither a
conducting ground plane nor an AN shall be installed for user's installation testing unless
one or both are to be a permanent part of the installation;

— the RF characteristics and loading conditions for the power mains conduction;
— the ambient RF environment; and

— the input impedance of the pick-up device.
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2.4.6.1 Reference ground

The existing ground at the place of installation should be used as reference ground. This
should be selected by taking high-frequency (RF) criteria into consideration. Generally, this is
accomplished by connecting the EUT via wide straps, with a length-to-width ratio not exceeding
3, to structural conductive parts of buildings that are connected to earth ground. These include
metallic water pipes, central heating pipes, lightning wires to earth ground, concrete reinforcing
steel and steel beams.

In general, the safety and neutral conductors of the power installation are not suitable as
reference ground as these may carry extraneous disturbance voltages and can have undefined

RF impedances.
t or\at-the place
tal~sheets or

If no suitable reference ground is available in the surroundings of the t
of measjurement, sufficiently large conductive structures such as me
wire meshes set up in the proximity can be used as reference ground

The gen

2.4.6.2

Testing cautions
must be

Any voliage decrease caused by loading of the i ermined
qualitati i e .~ If the input impedance of the
voltage : e of the test point or of the tested
network]| then only slight dif nent of the disturbance voltage ocq¢ur when
the probe input impedancg isN 2d. impedance of the probe can be doubled by
series cpnnection of a 1 500 asi . 3¢ distunbance voltage is reduced by (the predicted)
5 dB or § dB, then the |l & € C8 d-to measure the disturbance voltage.

24.6.3

Selectic@

Radio d t at the
boundar d within
the influ
2.4.6.3.1
In powe age with
the voltg

2.4.6.3.2 Measurements on unshielded and shielded cables

In the case of non-shielded and shielded signal, control and load leads with non-grounded
shield leaving the boundaries, the unsymmetric disturbance voltage shall be measured with the
voltage probe on the individual wires or the screens against reference ground.

In the case of shielded cables with grounded shield, the common mode disturbance current is
measured at a distance greater than one-tenth wavelength from the connecting and grounding
points using a current probe.
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2.5 Measurements using the absorbing clamp, 30 MHz to 1000 MHz
2.5.1 General

Absorbing clamps (see Figure 13) are suitable for the measurement of the disturbance power
that can be radiated from a cable for some types of equipment depending on construction and
size. The precise measuring procedure and its applicability is to be specified in each product
specification. If the dimensions of the EUT, without connecting leads, approach a quarter of a
wavelength of the measuring frequency, direct cabinet radiation may occur and the absorbing
clamp method is not suitable to assess the full radiation capacity of the EUT. In general, the
method is most useful for small EUTs and in the frequency range of 30 MHz to 300 MHz.

taken ag This)power is
nearly e 8 around\the~lead at the
position i i

bm such
bsorbing

Equipme
leads, shi
clamp m

Radiatio i , S 7 be measured with a
suitable » ¢ vever, it
should b

Historica

252 M

When upi 5t 80 cm
high. The lead to be iation in
position [of the ab ad shall
be at le@st a ha h of the
absorbir 6 m and
with the 1m are

not suita

The absg around the lead to be measured as shown in Figure|17. The

position along the lead shall be varied from zero to one half-wayelength
distance T aty each test frequency. The maximum indication obtained on the
measure i hnected to the absorbing clamp is proportional to the disfurbance
power a

When nreasurements—are nradeomamrt£UT ilavillg more—thamorme—tead attauilcu', detachable
leads shall be removed if operationally possible, at the time when another lead is measured.
A lead which cannot be removed shall be isolated by means of lossy ferrite rings or another
absorbing clamp put around the lead immediately adjacent to the EUT.

The test arrangement for the absorbing clamp is shown in Figure 17. No person or metallic
objects shall be positioned within 80 cm of the measuring set-up. The required movement of
the absorbing clamp may be performed with pulleys and a rope that is operated by a motor that
can be operated from a remote location.

The power corresponding to the measured receiver voltage indication at each test frequency is
derived from the absorbing clamp calibration procedure described in 5.3 of CISPR 16-1.
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Absorber @

Absorbing (ferrite rings)
e Radio-noise meter

EUT

HARRRRREARREEN } HERRRRRRAAREEE
A/ | Absorbing clamp
moved over power
cord to obtain max. X
f : Mains
Current Absorber reading on receiver
transformer (ferrite rings)

Additional absorber used fo avoid
interference from maing\(& second

Specimen interference Absorbing
source

IEC 185p/03

2.6.1 In

This segti
radio di$
measuré
measure
experierjce are>accu
cables Tsociated i

yeneral procedures for the measurement of the field strength of
by devices and systems. Experience with radiated disfurbance
sive than that of voltage measurements. The radiated disfurbance
are therefore open to revision and extension as knowlefdge and
lated. In particular, attention shall be given to the effect of |Idads and
the EUT.

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 r.m.s. values.

The magnetic component of the disturbance is normally measured at frequencies up to 30 MHz.
In magnetic field measurements only the horizontal component of the field at the position of the
receiving antenna is measured when using the distant antenna procedure. If the large loop
antenna (LLA) system is used, the three orthogonal magnetic dipole moments of the EUT are
measured. (Note that in the single antenna method, the horizontal component of the field at the
position of the antenna is determined by the horizontal and vertical dipole moments of the EUT,
because reflection plays a part.)
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2.6.2 Field-strength measurements in the frequency range 9 kHz to 1 GHz
Field-strength measurements may be made on an open area test site, in an absorber-lined

shielded enclosure, in a reverberating chamber or using a LLA system. For practical reasons
other test sites may have to be specified.

2.6.2.1 Open area test site measurements

The open area test site shall conform with the relevant specifications in 5.6 of CISPR 16-1 for its

physical and electrical properties and for its validation.
2.6.2.2 General measurement method
t site\\(th\he direct

Figure 18 shows the concept of measurements made on an open area
and grouynd reflected rays arriving at the receiving antenna.

Receivi

Direct ray

Measuring
receiver

EUT

Supporting Reflected ray

table

IEC| 1853/03

ept ofelectriefi trength measurements made on an open area test
ditecband reflective rays arriving at the receiving antenna
(see 2.6.2.2)

The EU] » fied height above the ground plane and configured to represent
normal i snditions. The antenna is positioned at the specified separation distance.
The EUT i orizontal plane and the maximum reading noted. The height of the
antennalis adjrsted sq that the direct and reflected rays approach or meet in-phase pddition.
The prog¢edural step ay be interchanged and may need to be repeated to find the maximum
disturbapcé/For practical reasons the height variation is restricted and hence perfect |n-phase
addition may not be achieved.

2.6.2.3 Measurement distance

An EUT subject to a radiated disturbance limit at a specified distance should be measured at
that distance unless to do so would be impractical because of equipment size, etc. The
measurement distance is the length of the projection of the EDTs closest point to the antenna
and the midpoint of the antenna onto the ground plane. In some test set-ups the distance is
measured from the antenna to the radiation centre of the EUT. For a measurement distance of
10 m either method may be used. A distance 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 level 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.
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Where possible, measurement should be made in the far field. The far field region may be
defined by the following conditions.

Measurement distance d is selected so that:

a) d = A/6. At this distance E/H = Z, = 120 1t = 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

b) d = 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?/\, where D is the largest dimension of either the EUT or the antenna deter-
mining the minimum aperture for the lumination of the EUT \A/hir*h/hpnline to cases,
whetle D >> A.

2.6.2.4 |Antenna height variation

For eledtric field-strength measurements the antenna height aRove ths shall be
varied wlithin a specified range to obtain the maximum readir he direct
and reflected rays are in phase. As a general rule, for a ea L to and
including 10 m, the antenna height for electric field s e varied
between 1 m and 4 m. At greater distances of up to e varied
between[ 2 m and 6 m. It may be necessary to 'us imum.antenna height above
ground fown to 1 m in order to maximi a height scans apply [for both
horizontgl and vertical polarization, arization, the minimum height
shall belincreased so that the lowest pujnt of the antenna\clearg the site ground surfgce by at
least 29 cm. For magnetic field strengt gsing the single magnetic loop
antenna| the height of the receiving an i at a specified elevation (typi¢ally 1 m
from grqund to the bottom qf the loop a a e loop7antenna and EUT shall be rptated in
azimuth |to maximize the measur i

2.6.2.5 |Product spec

In additipn to r@,
be meadured, the pfoc

rément method and the disturbance parameters to
include other relevant details as outlined belgw.

2.6.2.5.1
The infld oning of
the EUT perature

and humj

The eleq urbance
measurgments. The ambient radio noise and signal levels measured at the test site |with the
EUT de-emergized—shoutdbe—atteast 6 dBbetow thetimit—t— s Tecognizedthatthis is not
always realizable at all frequencies. However, in the event that the measured levels of the
ambient plus EUT radio noise emissions are not above the limit, the EUT shall be considered
to be in compliance with the limit. For further guidance on ambient levels and resulting
measurement error, see 2.3.1.1 and Annex E.

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

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

b) perform measurements in critical frequency bands during hours when broadcast stations
are off the air and ambients from industrial equipment are lower;

c) compare the amplitude of the EUT disturbance at the frequency under investigation with the
amplitude of disturbance on adjacent frequencies in a shielded room or anechoically treated
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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;

NOTE The shielded or anechoic room should not be used for compliance determination at the other EUT
frequencies unless the anechoic room data is correlatable to the open area test site data.

d) in orienting the axis of an open field area test site, it is desirable to consider the directions
of strong ambient signals, so that the orientation of the receiving antenna on the site
discriminates against such signals as far as possible;

e) for narrowband disturbances from the EUT occurring near an RF ambient, when both are
within the standard bandwidth, a narrower instrument bandwidth may be useful.

2.6.2.5.2 Configuration of equipment under test

The opgrating conditions of the EUT shall be specified, e.g., the he input

signals, |the modes of operation, the arrangement of components, pes of
interconpecting cables, etc.

The tegting of individual and multi-component syste he following two
conditiofs:

a) the gystem is configured for use in a typical manrier.

b) the g [ i i i all nces.

The term “system” refers to the EUT in*¢combina i ponents that are conrected to

the EUT|and all required connecting cabl

The term “configuration” g EUT, the other components of the
system, |the interconnecti mains leads that comprise the|system.
During dll measurements, t i i of the system shall be adjusted so that the above
two conditions, the conditi i i irst and followed by condition b), are|fulfilled,

within thie guidel@j paragraphs.

The term “typical” i

e arrangement of how the EUT will actually be used.
ration are outlined below.

rt of a multi-unit system, the EUT shall be installed ina typical

\ grdance with the manufacturer's instructions. It shall|also be
er that is representative of the typical usage for that EUT. During Rll tests,
ponents shall be manipulated within the confines of typical usage

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

Interface cables shall be of the type and length specified by the equipment manufacturer.

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

Cables shall not be placed underneath or on top of the EUT or on system components unless it
is appropriate to do so, e.g. a cable is normally routed through overhead cable racks or under
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the ground plane. Cables shall be positioned adjacent to the exterior cabinets of the EUT and
all system components only if typically used in that manner. The EUT should be investigated in
different modes of operation.

For an EUT normally operated on top of a table, radiated emission tests should be performed
with the EUT on a non-conducting table, the top of which is of suitable size. The table should
be placed on a remotely controlled rotating platform constructed with non-conducting materials.
The top of the rotating platform should normally be less than 0,5 m above the ground plane and
the height of the table and platform together 0,8 m above the ground plane. If the rotating
platform is at the same elevation as the ground plane, its surface shall be of conducting
material and the 0,8 m height shall be measured with respect to the top of the rotating platform.
An EUT normally placed on the floor will be tested on the floor. A flush-mounted rotating
platform is useful in this situation

The EUT shall be grounded in accordance with the manufacturer's regu bnditions

of intenfded use. If the EUT is operated without a ground con ?tested
ungrounded. When the EUT is furnished with a grounding termine ed lead
which is|to be connected in actual installation conditions, the on shall
be connected to a ground plane (or facility for earth groun stallation
conditiops. Any internally grounded lead included in the cord of
the EUT]|shall be connected to ground through the mainspowe

2.6.2.6 |[Measurement instrumentation

The mgasurement instrumentation, relevant
requirenpents in CISPR 16-1.

2.6.2.7

Out-doof test sites simila bne may

have to [pe prescribed i e products, e.g. ISM equipment and motor
vehicles| The provisio [ i ovisions
given in|5.6 of CISRR

2.6.2.8 [Measurem

(Under ¢

2.6.2.9

2.6.2.9.1

Under copnsideration.

2.6.2.9.2 Measurement in fully absorber-lined shielded enclosures (Fully Anechoic
Chamber = FAC or Fully Anechoic Room = FAR)

2.6.2.9.21 Test set-up

The same type of antenna shall be used for EUT emission testing as the receive antenna used
for the FAR validation testing. The antenna height is fixed at the geometrical middle height of
the test volume. Measurement will be done in horizontal and vertical polarisation of the receive
antenna. Emissions should be measured while the turntable positions the EUT in each of at
least three successive azimuth positions (0°, 45°, 90°), when continuous rotation is not
required.

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
centre, a correction factor may be applied to obtain the field strength at the test distance.
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NOTE The correction factor, Crq [dB], equation (4a), may be added to the measured field strength value in order
to reduce its uncertainty. In the calibration procedure of the antenna a phase correction factor Crq will be measured
for each frequency. (The procedure will be defined with antenna calibration or calculated from the mechanical
spacing of the log.-periodic elements) together with the Antenna Factor (AF). The two factors (Crq, and AF) will be
added in dB to the voltage at the output of the antenna to get the field strength equation (4b). If a phase centre
correction is not included, an additional term must be included in the uncertainty budget (see 2.6.2.9.2.4).

Crq = 20 Ig [(R + P; — d)/R] (4a)

E-field strength is given by equation (4b):
Ef = Vi + AFeg(ry + Cry (4b)

where
f = [frequency, (MHZ)
R = | the required separation distance from the source to the reference point on th tenna (
P; = | phase centre position as a function of frequency, (m from tip of antenna)
d = |distance of the reference point on the antenna from the antenna tip (m).
E; = | E-field at distance d from source; expressed in dB (pV/m).
Vi = | voltage at output of antenna at frequency f'; expressed in dB (uV).
Crg¢ = |phase centre correction factor; expressed in dB
AFrgr) = |antenna factor (free space) for E-field at the phase centre; exp

Figure 1P illustrates a typical test set-up.

1 !
1

A

\

e
1

T S SRR Dt b
e 80 cm -1
1 il
i SO
[ Sy .
! ' ,:"
hm -1 A N\ NV N 4R by T s~ Us
1 Feao ! o4
! vi & piFerrite €---=--- > .-~
1 1 ~~
e L4 ~~
H i A y II“ r ’l\\ ”‘\ \ ”;:
1 1
1 [} : I, ‘Vql l’ : II . Il 2 II .
v [ — L S N
1 I g 1 "Jl ] [ g 1 ] 1 g 1 ] 1 g 1 g
\ v, 1 \ \ \ \ \ \
v KU (s U Ky o (s (U kY
IEC 1854/03
A = tyrntable and EUT-support a. b, cande>05mrecommended (> 1 m is npore
2X=1,5m; 2,5m; 5m, i.e. corresponds to test cqnvement), the_actu_al value will be consistent
distance used (3 m, 5 m, or 10 m respectively) with the FAR calibration procedure of a future

version of CISPR 16-1.

hy = middle level of the test volume
d =3m;5mor 10 m

1) The antenna and cable lay-out shall be validated together and used in the same configuration during
EUT-test.

2) Ferrite clamps are to be used in accordance with the applicable product standard. Their possible use (if
required) must be documented in the test report.

Figure 19 — Typical test set-up in FAR, where a, b, c and e depend on the room performance

The EUT shall be placed on a turntable. Figures 19, 20 and 21 explain the different dimensions
within the FAR. The turntable, antenna mast and supporting floor shall be in place during the
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 to be specified in 5.6.8.2.2
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of the future version of CISPR 16-11). The level of the bottom plane (absorber height plus ¢)
will be the level for floor standing equipment (transport pallet height will be outside the test
volume).

2.6.2.9.2.2 EUT position

The EUT shall be configured, installed, arranged and operated in a manner consistent with typical
applications. 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 normal
configuration but with 10 cm separation if possible. Interconnecting cables shall be bundled.
The bundle shall be around 30 cm to 40 cm long and longitudinal to the cable.

Ancillary
shall be

The enti

The EU
centre iy
suitable

Where i
(Figures
(Figure }

Figures

located outside the screened room.

equipment, which is required to exercise the EUT but does not form pé«t&fﬂhe EUT,

re EUT shall fit in the test volume.

at the same height as the centre of the test
height may be used to achieve this.

bccount:

that its
port of a

volume
the test

1) In preparation.
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1) The antenna cable layout shall be th
2) Herrite clamps are to be used in accord
Their possible use (if required) must be d
Fi within the test volume of a FAR
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The inst
and bon
testing g

Results
be insta
that bettf
at frequ
the EUT]
reader

is¢advised

measure

Pallet of 12 cm (10 cm to 14 cm
(see 8.1.2 of CISPR 22:1997)

The antenna cable layout shall b

The cable layout depends on the
of the housing

to a FAR limit of floor standing equipment that is int
to a conductive floor may be lower if tested on a grou

correspanding to a height of 0,4 m or less above ground in a typical installa
that prior to a determination of non-compliance based

IEC 1856/03

urface

pssible

installed
otes for

ended to
nd plane
missions

Hz, in horizontal polarisation, and at emission source hjights (in

ion. The
bn FAR

ments _additional in\/pQ’rigztinn in a grmmd planp test environment (i e_an ()Ir

en Area

Test Site or Semi-Anechoic chamber) is recommended to better simulate the equipment’s
intended installation condition.

2.6.2.9.2.3 Cable layout and termination

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

The following listed items are general conditions of the test set up in order to provide good
reproducibility (see Figures 20 and 21). Ideally, all radiation to be measured should only be
emitted from the test volume. The cables used during the test shall be in accordance with
manufacturer’s specifications. If such cables are not available, the specifications of the cables
used during testing shall be clearly described in the test report.
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The cables that are connected to the EUT and ancillary equipment or power supply shall
include a length of 0,8 m run horizontally and 0,8 m run vertically (without any bundling) inside
the test volume (see Figure 20 and 21). Any cable length in excess of 1,6 m with a relative
tolerance of +5 % shall be routed outside the test volume.

If the manufacturer specifies a shorter length than 1,6 m, then where possible, it shall be
oriented such that half of its length is horizontal and half is vertical in the test volume.

Cables that are not exercised through ancillary equipment during the test must be appropriately
terminated:

— coaxial (shielded) cables with coaxial terminator with correct impedance}5\0 Q or 75 Q);

eference
with the

— shielded cables with more than one inner wire must have common
earth/ground) and differential-mode (line to line) termination i
manyfacturer's specifications;

— unshlielded cables must have differential mode termination. as we %-mode
term|nation in accordance with the manufacturer's specificafions.

las to be
irement.
easures

If the EWT needs ancillary equipment in order to be operaf
taken thiat no emission of that equipment can influenge
Ancillary equipment shall be located outside the scrg
against RF-leakage into the FAR through the interco

The test set-up including cable layof [nations,

measurgs taken to suppress the emissio I volume
(for inst@nce the use of ferrite clamps)

Due to [the different natyre c 3Si deviate
considel S

2.6.2.10| Measurem

(Under gonsideratign

263 F g n the frequency range 1 GHz to 18 GHz

2.6.3.1

The eleftric™i ength\emitted by the EUT at the measuring distance is the quantity to
measurg.

NOTE In rds/emission limits for equipment are expressed in terms of ERP (effective radiatied power)
in dB(pW)) ~Under free space far field conditions, the formula to convert ERP into field dtrength at

a 3 m dist

E(3m)/dB(uV/m) = ERP/dB(pW) + 7,4
For distances d other than 3 m:
E,/dB(pV/m) = ERP/dB(pW) + 7,4 +20 log [3/(d/m)]

2.6.3.2 Measurement distance

The field strength emitted by the EUT is measured at a preferred distance of 3 m.

Other distances may be used in practical situations:

— 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 D2/2 A (see 5.5.6 of CISPR 16-1);
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— greater distances for large EUTs to allow the antenna beam to encompass the EUT.

In case of dispute, measurements performed at 3 m shall take precedence.
NOTE Since dominant disturbances of the EUT may be assumed to be incoherent and radiated from a point

source, the minimum distance mentioned above (D%*2 A) is to be applied to the measuring antenna and not
to the EUT.

2.6.3.3 Set-up of the equipment under test (EUT)

As a general guideline, the EUT set-ups used for measurements below 1 GHz should as much
as possible also be used above 1 GHz.

2.6.3.4 Measurementprocedure

2.6.3.4.1 Encompassing of the EUT by the measuring antenna

Radiated emissions measurements above 1 GHz are made using cali i %Iarized
antennap, which may have a smaller beam width (major patterp ) as used
for frequencies below 1 GHz. The width of the main lobe of the 3 i ingd as the
3 dB beam width of the antenna (see 5.5.6 of CISPR 16-1y, ~ antenna

used softhat, when large EUTs are tested, the area of ¢ Ermined.
Moving [the measurement antenna over the surfacg Si another
method pf scanning of the EUT is required when th th of the
measuripg antenna. When radiated measuremext hce and

the meapurement antenna does not e0On listance,
additional ate that
emissio

NOTE EUT being
considered shall include one wav , N the EUT.

2.6.3.4.

For any|EUT, the frequenseies RS St bmission

Both of
reason,
urement

maximizgation (s
these measurem
the final measuremer

at the limit distance\sk case of
dispute.

In perfo ents, the sensitivity of the measurement equipment rglative to
the limi ined before the test. If the overall measurement sensitivity is
inadequ ifiers, closer measurement distances or higher gain antenhas may

be used r megsurement distances or higher gain antennas are used, the beam width
versus gize 0f'the shall be taken into account. Also, measurement system overload levels
shall be|determined to be adequate when preamplifiers are used. T

Burn out and saturation protection for the measuring instrumentation is required when low level
emissions are to be measured in the presence of a high level signal. A combination of
bandpass, bandstop, lowpass and highpass filters may be used. However, the insertion loss of
these or any other devices at the frequencies of measurement shall be known and included in
any calculations in the report of measurements.

NOTE A simple method of determining whether non-linear effects (overload, saturation, etc.) occur consists of
inserting a 10 dB attenuator at the input of the measurement instrument (ahead of any pre-amplifier if one is used)
and verifying that the amplitude of all the harmonics of the high amplitude signal (that may cause non-linear effects)
is reduced by 10 dB.

2.6.3.4.3 Preliminary emission maximization

The maximum radiated emission for a given mode of operation may be found during a
preliminary test, using the following step by step procedure:
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a) Monitor the frequency range of interest at a fixed antenna height and polarization
(horizontal or vertical), and EUT azimuth.

b) Note the amplitude and frequency of the maximum signal met.

c) Rotate the EUT 360° to maximize the suspected highest amplitude signal. If the signal or
another at a different frequency is observed to exceed the previously noted highest
amplitude signal by 2 dB or more, go back to the azimuth and repeat step b). Otherwise,
orient the EUT azimuth to repeat the highest amplitude observation and proceed.

NOTE 1 Alternatively, instead of rotating the turn-table where the EUT stands, it is also possible to rotate the
receiving antenna around the EUT.

d) Move the antenna over a given range of travel (height search to be defined for each product
or product family; in any case, 1 m to 4 m should be the maximum range for this height
Searﬂh) tomaximize the cucpor\fod highncf nmplihmln cignal lf the signabor-another at a
diffefent frequency is observed to exceed the previously noted high signal by
2 dB hove the
ante

e) Char pare the
resulti rization.
Selef bserved
signal with respect to the limit for this EUT operational

f) Thep ay to do
this afe being
perfq

g) Aften completing steps a) throud [ onfiguration and mode of
opergtion (corresponding to the maxim i issi to use for the final [radiated
emisjsions test.

NOTE 2 [The procedure described in this subdlause~ gsed in the general case. However, noting that it may

be extremgly time-consuming to , are veg ested to check and adapt it to thgir specific

case. The|following two elemen

— the EUT shall be rotatedq horizonta i e € i i br product

— the he

2.6.3.4.4

family the emission comg

e EUT, or
br product

ght search of th
even lbe suppregsed i
or pro i i

The fielﬂi ed using
the confji ght, EUT azimuth, etc.) producing the maximum emigsion, as
identifie inary emission maximization (the receiving antenna beind aligned

with this

This finc
a given

each product or product famlly, taklng |nto account the duratlon of the operatlng modes and the
time constants associated with each specific product to be tested.

2.6.4 Substitution method of measurement in the frequency range of 30 MHz to 18 GHz

The 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.

The substitution method is currently being used to measure emissions from microwave ovens
in the frequency range 1 GHz -18 GHz.

For future product standards, product committees are invited to use the field-strength measurement
method described in 2.6.3.
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2.6.4.1 Test site

The test site shall be a level area. Indoor sites may be used, but may need special arrange-
ments, 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 (see Figure 22).

Device under test

Dipole A

& ;

S TS S /X«/X&)/(S/”/
857/03

a) Measurement

QAL

Substitution dipole B u Dipole A
upstitution aipole /

A 1

L J\(“
Signal generN h< h Measuring appgratus
SN {
//////S</// SN / P77 7777777777777 SA S S
IEG 1858/03

b) Calibration

Hi ethod\of measurement — Substitution method (see 2.6.4.1 and 2.6.4.3)

Two hor|zontabRalf-wayvelength dipoles (see also 2.6.4.2) shall be placed parallel to ea¢h other,
at the s i eing not less than 1 m above the floor and spaced at the meagurement
distanch. Dipole B shall be connected to a signal generator and dipole A to the inplt of the
measuring receiver. The signal generator shall be tuned to give maximum indication on the
measuring receiver and its output adjusted to a convenient level. The site shall be considered
suitable for the purpose of measurement at the test frequency if the indication on the measuring
receiver does not vary more than 1,5 dB when dipole B is moved 100 mm in any direction.
The test shall be repeated throughout the frequency range at frequency intervals small enough
to ensure that the site is satisfactory for all measurements intended.

If an EUT requires that measurements be made also with vertical polarization (see 2.6.4.3), the
suitability test of the site shall be repeated with the two dipoles positioned for vertical
polarization.

2.6.4.2 Test antennas

The test antennas A and B have been described above as half-wave dipoles. For the frequency
range below 1 GHz, this requirement applies primarily to the transmitting antenna B for which
the radiated power in the direction of maximum radiation must be relatable to the power at the
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terminals of antenna B. The measuring antenna A should also be a half-wave dipole. Its actual
sensitivity will be included in the substitution calibration of the test configuration.

In the frequency range of 1 GHz to 18 GHz linearly polarized horn antennas are recommended.

2.6.4.3 EUT configuration

The EUT shall be placed on a non-conducting table with provision to rotate in the horizontal
plane. The EUT shall be set up so that the geometric centre of the EUT coincides with the point
earlier used as centre point for dipole B (Figure 22). If the EUT is comprised 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 Requwed Ieads shall be prowded with absorbmg ferrite
rings ang-be—s rit-retirflaeree—the—rreas d EUTs,
all conng¢ctors not used shall be termmated by sh|elded termmatlons

2.6.4.4 [Test procedure

With thg EUT arranged as described in 2.6.4.3, the horizontal
shall be|placed in the same position as when checking the ie
to a vertical plane through its centre and that of the EUTS

dipole A
B normal
ed in its

normal : vertical
side. In ition i i & i 3 ne. e highest reading Y
shall be

The me If-wave dipole B. The centre
of this qalibrating dipole B shall be plat v th s the geometric centije of the
previougdly measured EUT and parallel s sament antenna A, and be connected to
a signal|generator. The radiated power fro 3 f the EUT is defined as the power at
the termlinals of the half-w i ignalNgenerator is adjusted to give the same
reading [on the measuring i S i reading recorded earlier (Y), |at each
frequengy of measure

When measures . f horizontally and vertically polarized mpgasuring
dipoles, |separate™¢atib ' - .

265 M
2.6.5.1
In situ A § ma be necessary for the mvestlgatlon of an mterference problem at

a particy rence to
radio req

Where allowed by the relevant product standard, in situ measurements may be madé 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 standard test sites. In situ
measurement results of an EUT type will normally deviate from site to site or from results
obtained on a standard test site and can therefore not be used for type testing.

NOTE 1 In general, however, due to imperfections such as mutual coupling between the conductive structures
present in the in situ environment, which may also be more or less polluted by ambient electromagnetic fields, and
the measuring antenna/equipment under test, in situ measurements cannot fully replace measurements on a
suitable test site (open-area test site or alternative test sites, for example, (semi-)anechoic chambers) as specified
in CISPR 16-1.

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

Preliminary measurements shall be made to identify the frequency and amplitude of the
disturbance field strengths amongst the ambient signals taking into account the potential
sources of interference (for example, oscillators) in the EUT. For these measurements the use
of a spectrum analyser is recommended in place of a receiver because a large frequency
spectrum 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.

ible, the
rengths.

Measurgnrents—shattatsobemade—omr—setected flcqucllbica to dUtUIIII;IIU,
modes pf operation in which the EUT generates the highest distur

The sub ign.

NOTE 2 pendently
of the op 5 may be
impossiblg. on cyclic
operation. bf highest
disturbang

Measure same meagurement
distance i highest
disturba bns. The

final didturbance field-strength mea in the
directions of the highest disturbance ency to
frequengy) taking into account the local

The highest disturbance fie | ical and
horizontgl polarization.

If the ra£io of the mpeasured dis ver than
6 dB, th measu ‘

2.6.5.2

2.6.5.2.1

The ma i i iefld strength shall be measured in the direction of maximum
radiation] ce field

strength

The hotizentally polarized disturbance field strength shall be measured at the $tandard
measurementdistance ;i usinga toopantemmaas describedin 5527+ of CtSPR—16-1 at a
height of 1 m (between the ground and lowest part of the antenna). The maximum disturbance
field strength shall be determined by rotating the antenna.

NOTE For the measurement of the maximum disturbance field strength from lines arranged in any direction, the
antenna should be oriented in three orthogonal directions, and the measured field strength is calculated by

By =\ EZ + Ef + EZ

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

HSUm = \H)g +H)2/' +H22

This H field value can be used directly in cases where limits are directly given for the magnetic field strength.

If the antenna cannot be moved 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.
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2.6.5.2.2 Measurement distances other than the standard distance

If it is not possible to adhere to the standard distance d,,;;, as specified in the product or
generic standard, the measurements should be made at distances either less or greater than
the standard measuring distance in the direction of the maximum radiation.

At least three measurements at different measuring distances less or greater than the standard
measuring distance shall be used if it is not possible to use the standard distance.

The measurement results (in decibels) shall be plotted as a function of the measurement
distance on a logarithmic scale. One line shall be drawn to join up the measurement results.
This line represents the decrease in the fleld strength and can be used to determme the

disturbape ample, at
the stangard dlstance.
2.6.5.3 [Field-strength measurements in the frequency range abb
2.6.5.3.1 Measurement method
The eledtric disturbance field strength shall be measured in the diresti maximum radliation at
the stan il isturbance
field str¢ trengths
shall be ight of 1 m
tod4 m.T
It is re equency
range uf y range
above 2 metallic
elements (including cables
2.6.5.3.2 Measuremef
The standard me d. If it is
not posgible to strength
shall be scan of
the ante standard
distance strength
as a funtgti
If it is na distance
refers td t results
shall be
d
Estd = Emea +n %20 % |09 — (5)

std

where

Egq is the field strength at the standard distance in dB(uV/m) for comparison with the
emission limit;

Enea is the field strength at the measurement distance in dB(uV/m);

dmea 1S the measurement distance in metres;

dstg Is the standard distance in metres.

n depends on the distance d,,¢, as follows:

if  30m<dpe, n=1;
if 10m<d;e,<30m n=0,8;
if  3m<dpea<10m n=0,6.

mea
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NOTE n <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 possible to measure at different measuring distances, and equation (5) is 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 2.6.5.4).

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

2.6.5.4.1

The sub EUT can
be switc

If the EL S g tt of this
face on ati ) nt slirface of
the EUT] i dditional
measure

If the EU measure
the radi b nearby
frequengy at which the field strength EUT is at least 20 dB below

that at the frequency of interest (“nearb 5
The frequency selected should, where possi en with regard to possible inte
to radio pervices.

2.6.5.4.2

2.6.5.4.2.

The meq ke such that the measurement is made in the

This req

a) dis

b)

two receiver IF-bandwidths).

rference

far field.

(6)

A is the wavelength in meters;

or
the measurement distance d is equal to, or greater than, 30 m.
In the far field the exponent n in equation (5) may be assumed to be 1. If a

measurement distance is chosen, this assumption can be validated by using the proc
2.6.5.3.2 to verify that the field strength falls off inversely with distance.

If the local conditions require that a shorter measurement distance be chosen, this
indicated.

shorter
edure of

shall be
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2.6.5.4.2.2 Measurement method

The effective 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. The measurement distance shall be chosen according to 2.6.5.4.2.1 and the highest
disturbance field strength on the selected frequency determined by varying the antenna height

at least in the range of 1 m to 4 m as far as practicable.

For the measurement of the effective radiated disturbance power, steps a) to g)
followed.

shall be

a) The EUT shall be disconnected and removed. A half-wave dipole or gntenna with similar

radidtion characteristics and known gain G, relative to a half-wave dipole is\subs
its place. If it is impractical to remove the EUT, a half-wave or b d dipol
th

is not r|
a range ujf

ple, a building with a

ituted in
e (in the
EUT) is

ating on

be such
emoved,
b to 3 m

ows the

table-TV

s positioned about 1 m in fropt of the
gcatiomof the substitution should be sa chosen
tion antenna and the measuring antenna is
f) The the—plane imaginary surface enclosing the half-
wave dipole perpendicular to the measurement axis |petween
the antenna €asuring antenna shall be varied such |that the
recelver receiv
g) The ator/Shall be varied as in d) above.
For rem ose front face is not contained within an imaginary large plane
surface, t.the signal generator Pg plus the gain G of the transmit antenna r¢lative to
a half-w ' effective radiated disturbance power P, to be measured:
PI’ = PG +G (7a)
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For EUTs that fit within an imaginary large plane surface (for example, buildings with
telecommunication networks), the increase in gain of the dipole positioned in front of this
surface is given by

P.=Pg+G+4dB (7b)
where
P, isin dB(pW);

Pg is in dB(pW); and
G isin dB.

strength| at the standard measurement distance dg4. The free-space fie shall
be calculated using the following equation:

ree

The effe¢ctive radiated disturbance power can be used to calculate the di&gar ce field
ngtiyE

W

free
d std

(8)

where
Efee isn pV/m;
P, is jn pW; and

dgtg 1B in metres.

If the calculated free-space field streng is compared with limits of disfurbance

field strength measured in standard test sjtes, it g considered that the amplitide field
strength S i xi oly’ 6 dB higher than the free sppce field
strength tions) from>the ground plane. Equation (8) can be
modified : weat. The)disturbance field strength at the standard
distance k ) e vertical polarization using the following

equation:

20 log dgpg + 22,9 (9a)

For hori 160 MHz the maximum field strength is not meagured at
standard & 6 dB factor must be corrected as follows:
Egq=P,— 20 log dgig + 16,9 + (6 — ¢;) (9b)
where
Estq i
f i
dstg IS in metres;
Co is the correction factor for horizontal polarization. This was determined assuming the
radiation source at 1 m in height.
M{_iz 30 | 40 50 60 | 70 | 90 | 100 | 120 | 140 | 160 | 180 [ 200 | 750 | 1000
gg 1 (102 | 93 | 85 | 76 | 59 | 51| 34 | 17 0 0 0 0 0

This method for determining the disturbance field strength can mainly be used if there are
obstacles between the measuring antenna and the EUT.
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2.6.5.4.3 Frequency range 1 GHz to 18 GHz
2.6.5.4.3.1 Measurement distance

The measurement distance chosen shall be such that the measurement is made in the 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 the distance. The
requirement is met if the measurement distance is equal to, or greater than, the transition
distance. The transition distance is marked by the transition point which shall be determined as
shown in Figure 23. The measurement results shall be plotted and two parallel lines separated
by 5 dB drawn to enclose as many of the measurement results; the transition point is the point
where the lines intersect and after which the radiated power decreases by 20 dB/decade.

Received

radiated

power (dB) Distance between Transition
A lines: 5 dB point

Logarithm of the distance
IEC 1917/02

2.6.5.4.3.

The rad
the EUT] i
ridged W
maximu

shall be measured in the direction of maximum radiation with
generating the highest disturbance field strength. Al double-
periodic antenna shall be used to determine the direction of
asurement distance shall then be chosen according to 2.6.5.4.2.1
and the rength on the selected frequency is measured. The antenna| position
shall be to ensure that the measured field strength is not at a local minimum
(due, fol example, eflections).

For the 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 Pg plus the gain G of the transmitting antenna relative to
a half-wave dipole yields the required radiated disturbance power P,:

P,=Pg+G (10)
where
P, is in dB(pW);
Pg is in dB(pW); and
G isin dB.
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2.6.5.5 Documentation of the measurement results

The particular circumstances and conditions of the in situ measurements should be
documented to enable the operational conditions to be reproduced if the measurements are

repeated. The documentation should include

— reasons for the in situ measurement instead of using a standard test site;
— description of the EUT;
— technical documentation;

— scale drawings of the measurement site, showing the points at which measurements were

made;

- des |;pt;un ofthemeastred ;llota”at;un,
— detalls of all connections between the measured installation and fHeNEUI: teshn

and fetails of their location/configuration;

— desqdription of the operating conditions;
— detajls of the measuring equipment;

— meapurement results:

. ntenna polarization;

The loop antenna system (L
the magpnetic field streng
The magnetic field str
magneti¢ disturbance fleld o

The LA shall ba ed
Annex Q. That anné

measuripg results 3

2.6.6.1

| concept of measurements made with the LAS. The EUT i
e current induced by the magnetic field from the EUT intog
the threg tennas of the LAS is measured by connecting the current prok
large logp antenn measuring receiver (or equivalent). During the measurements

Figure
in the c4

cal data

ement of
30 MHz.
S by the

PR 16-1,
veen the

s placed
each of
e of the
the EUT

remains|in‘a@fixed position.
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Diameter: 2 m (3><‘)

A
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o

|

F “Rerrite™agsorke
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Figure 24 — Concept of magnetic field-induced current measurements made with
the loop antenna system (see 2.6.6)

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 dBuA, as specified in the product standard.

The emission limit shall apply to a LAS having large loop antennas with the standardized
diameter of 2 m.
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2.6.6.2 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 5.6.4
of CISPR 16-1.

2.6.6.3 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 posijition of the mains lead shall be optimized for maximum ¢ eneral,

this position will not be critical when the EUT complies with the cond

In case pf a large EUT, the diameter of the loop antennas ed up to

4 m. In that case:

a) the qurrent values measured shall be corrected i
CISHR 16-1; and

b) the maximum dimensions of the E e large

loop$ of at least 0,1 x D m, where

3.1 Immunity test criteria

Immunity measur
ference pn the

Immunity measure

of inter-

5t signal

and an yinwanted The fundamental basis of the measurement is sget out in
this clad y ) conditions which need to be specified in the [detailed
recomm the CISPR product committees. Sublause 3.2 deals |with the
general princi methods of measurement for immunity, and 3.3 with radiation

methodg.

3.1.1 Generabmeasurement method

Figure 25'sets out the fundamental concept upon which all methods of measurgment of
immunity-are based.

The EUT is set up as specified to represent normal operating conditions. The unwanted signal
is applied with increasing severity until the prescribed performance degradation is detected or
the specified immunity level is reached, whichever is lower.

The unwanted signal may be introduced by direct radiation or by current/voltage injection. In
most cases both the direct radiation and injection techniques will be needed to fully assess
the immunity potential of EUTs. The injection method is most useful for frequencies under
150 MHz, although direct radiated tests above approximately 30 MHz are used. The direct
radiated tests can be performed using fields launched by antennas and intercepted by the EUT.
In some cases a “bounded” field is most efficient for EUTs of height less than 1 m. Examples
of bounded fields occur with TEM cells, stripline antennas and mode-stirred enclosures.
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Wanted signal
generator
(if applicable)

Direct coupling

L Assessment of
or radiation path EUT

EUT performance

Monitoring path
(visual or electrical)

Unwanted signal
generator

EC 1860§

3.1.1.1

Objectiv
signals,
recordin

specific
r digital

As an e levision

receiver

First the
which is
the required level. T

o signal
signal at
then removed either by switching| off the
modulatfjon or the qudi ) anted signal is applied in addition and itg level is
adjusted to obt@w ; fO\SI at the specified level below the want¢d audio
signal leivel. The leve)df the vabted sigpal is the measure of immunity of the EUT aIthe test
frequenc aKen in order not to damage the EUT by too high levels
of the ur

3.1.1.2 ective~asse - of performance degradation

Subjecti s ent off EUT immunity is made by visual and/or aural monitoring of
perform ation hs. This
technigye differ vels are

not dire¢tly recorded Hation is
j br visual
perception of an annoying effect. The unwanted immunity signals can be the same or similar to
those used for objective immunity assessment measurements.

As an example of one such subjective assessment of performance degradation, the immunity
of television receivers to an unwanted signal, as perceived by humans as degraded visual and
aural presentations, is given below.

In the case of picture interference, the wanted test signal produces a standard picture and the
unwanted signal produces a degradation of the picture. The degradation may be in a number of
forms, such as a superposed pattern, sync disturbance, geometrical distortion, loss of picture
contrast or colour, etc.

The criterion of what constitutes performance degradation needs to be prescribed, and the
conditions under which the subjective assessment is to be made must be specified.
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First the wanted signal only is applied to the EUT. The controls of the EUT are set to obtain a
picture of normal brightness, contrast and colour saturation. The unwanted signal is then
applied in addition and its level adjusted to obtain degradation of the picture as perceived by a
human watching the picture. This level is the measure of immunity of the EUT at the test
frequency concerned.

3.1.1.3 Measurement to a limit

The actual measurement of the immunity may not be required, i.e., when it is sufficient to know
whether the EUT meets a limit or not. The unwanted signal, instead of being adjusted at each
test frequency, is kept at the level of the limit and its frequency swept through the test range.
The EUT is conS|dered to meet the I|m|t if no degradation, whether objective or subjective, is

follows:

a) no degradation: equipment complies with its des'n Specifi WS type of [criterion
shalllbe adopted for sensitive health and safety W S i ith impact
on Igrge populations of consumers. It might b an immunity [criterion

for spme critical processes or equipment op

b) notideable degradation: in this s” been affected by| an EM

disturbance. Increased noise in video i ecreased signal-to-nois¢ ratio in
control circuits, error rates in digital"system ching an allowable system m%ximum,
or ahnoying audio or visual disturbances ples of noticeable degradation. No
operptor intervention 3 continue use of the e]ectronic
prodlct/equipment. This ds i used for mass produced products. The
degrpdation disappé¢ > Uity signal is removed;

c) seriqus degradatiolp: Ir S products will not be able to provide coptinuous
satisffactory ' is, field engineering or customer service represg¢ntatives
will $pend co eninthe figld trying to identify and correct the problem. This

immuinity level
is reguired t
lock

d) failu ; > is the most serious category where the product totplly fails

and resef\to regain operability. Eventually, mechanical damage wi|l occur.
i accomplished. This creates a need for complete equipment
gent redesign to increase its immunity level. Customer service could
n indefinite time dependent on the capability of the manufagturer to
prodlicérasatisfactory replacement product.

kit occurs on very rare occasions. Operator intgrvention
ation of electronic product/equipment such ag system
riting on floppy disk, and other altering of memory;

It is the task of the product committees to determine the product degradation criteria for the
above conditions.

3.1.3 Product specification details

In addition to specifying the detailed immunity measurement method and the means of
determining the degradation of performance acceptable, the product specifications must
include other relevant details as outlined below.

3.1.3.1 Test environment

The needs of the test environment must be considered. The physical environment needs to be
specified, e.g., temperature or humidity ranges. Also the EM environment must be specified, in
particular, the maximum level of ambient signals.
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3.1.3.2 Working conditions of EUT

The working conditions of the EUT must be specified, e.g., the characteristics of the wanted
input signal, the modes of operation of the EUT, etc.

3.1.3.3 EM threat

There are many forms of EM disturbances which may cause the EUT to malfunction. The pro-
duct committee must consider whether the immunity specification should cover all
eventualities, i.e., immunity from transmitted radio waves, from conduction of signals, from
spikes/dips/outages/distortions on the mains, from electrostatic discharge, from lightning
induced surges, etc.

For each potential threat, the mode of coupling must be evaluated se (that the_ap
specialized test equipment can be specified together with the covered
It will thus be necessary for the product committees to adapt
principlgs set out in this clause to their particular product.

bropriate
irement.
grement

The chgracteristics of the unwanted signal must be specifi . dulation,
direction, polarization, etc. The frequency range of appticabili must be
defined,|e.g., the useful frequency range of the TEM i d this in
turn is dependent upon the size of the EUT.

The EUT must be examined to determi mode of

operatioph or for a particular frequency‘qQf u

3.1.3.4 |Calibration

€eds, either by referring to|a basic
G ithin the product or product family
calibration of the test equipment ysed and
meters as the amplitude and homogeneity of the
or injection methods.

The prgduct specificatio
standard or including
specification. This shop
particulgrly the means

unwanted signal@i

3.1.3.5

e-the significance of the CISPR limit. In particular, |t should

The pro :
ether the testing should conform to the 80/80 [rule of

address

Recomnendatjon 4 ifsg, which of the sampling methods should be used.
For immjuni i ilL.d performance degradation occurs, compliance with a CISPR limit for
immunit judged using a suitable sample size such that a portion of the sample may

exceed {he’permissibte limit. For immunity testing performed at the immunity limit to determine
compliapcey e.q. go/no-go testing, without measuring the margin _of immunity, gtatistical
techniques may not apply.

3.2 Method of measurement of immunity for conducted signals

The basic method is to inject the unwanted signal into a lead and increase the level until the
specified level of degradation is observed or the specified immunity level is reached, whichever
is first. The lead may be a signal, a control or mains lead. There are two variants of the
method. Current injection is used to assess immunity to common mode (asymmetric) signals,
the voltage injection method to assess immunity from differential mode (symmetric) signals. In
general current injection is performed as a minimum since that mode is most vulnerable to
radiated RF environments.

The general principle of the injection measurement is illustrated in Figure 26. The effects of
interference signals induced into a lead of an equipment in an actual situation are simulated by
the injection of an unwanted signal through a suitable coupling unit.
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Figure 26 — General principle of the current-injection methud (see 3.2)
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In the case of current injection for unshielded leads, the unwanted current is injected in
common mode into the conductors. In the case of coaxial or shielded cables the unwanted
current is injected into the outer conductor or the shield of the cable also in common mode
(see Figure 26). The current flows through the EUT returning to the generator through the
ground capacitance in parallel with the load impedances of the other terminals provided by
coupling units. Note that in some cases a portion of the common mode signal is converted into
differential mode, thus masking the true common-mode response. This may be a combination
of common mode currents which affect the RF potential differences at opposite ends of the
lead and cause a degradation of the wanted signal to unwanted signal ratios.

In the case of voltage injection, the signal is applied between two wires. Note that at
frequencies approachlng 100 MHz or greater, conducted immunity |nject|on by both methods is
difficult due )

3.21 C

The co pllng units contaln RF chokes, capacitors, and reS|st|v '%tion of
unwanted * he load
impedarices are standardlzed and the coupling units are de g hig” impedance.
They algo permit the passage of the wanted test signa g ing supply.
Constru i ined i 16-1.

cified to

a) height of EUT above a specified grqund
b) dispgsition of excess sigral and power I8
c) leng

d) contfol of lay-out o ground
plant, intercopne

e) quality of Iea@x

More dgtails on ity of TV

receiversg,

The TV QmMm above a metallic ground plane of dimensions 2 m| by 1 m.
The coy erted into the various leads, respectively. The leads linking the
coupling uni T Shall be as short as possible, in particular the lead to the|antenna
input of e not longer than 300 mm.

The mains.fead shall be 300 mm long. If longer, it shall be bundled to a length of 300 mm.
The mains lead shall be fixed in a well-defined lay-out which shall be recorded in the test
report. The distance between the leads and the ground plane shall be not less than 30 mm.

The maximum number of coupling units used in a test shall be six. In the case of EUTs with
more than six terminals, coupling units shall be used for at least one of each type of terminals,
if present.

NOTE Product committees should include such details in the product specification.

3.2.3 Method of measurement of input immunity

The unwanted signal is applied to the input terminals of EUTs that normally receive radio-
frequency signals in that manner. This unwanted signal is mixed with the desired signal.
The following subclauses highlight such tests as may apply to sound and television receivers,
as examples. Also, see CISPR 13.
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3.2.3.1 Measurement of sound receivers

For these measurements the wanted and the unwanted signal frequencies shall be specified in
terms of accuracy, e.g., £1 kHz.

The measuring set-up is shown in Figure 27. The unwanted signal generator (1) and the
wanted signal generator (2) are interconnected by means of the coupling network (6). To avoid
mutual interference between the two generators, the coupling loss can be increased with the
attenuators (7). The output of the coupling network, the source impedance of which shall be
specified, shall be matched to the input terminal of the EUT by the network (8). The audio
output is measured as specified.

O

5

IEC 1462/03

g set-up for input immunity measurement of sound
broadcast receivers (see 3.2.3.1)

3.2.3.2 ment, of television receivers

The mepsuring set-up is shown in Figure 28. The principle of operation is simildr to the
measuring sef-up of Figure 19 and the remarks in 3.2.3.17 apply. The Tow-pass filter (10) is
added to prevent influence of the measuring results by harmonics of the unwanted signal
generators.



https://iecnorm.com/api/?name=9005282698ed1fd2f37571801be36320

- 76— CISPR 16-2 O IEC:2003(E)

>
L
1 7 6 N
7
N mmbEs
- N I P
4 o
< T L Y=
! 4 'L 10 _: 9 3
)\ — — —
e, ¢ =
2 7
%

) s

IEC| 1863/03

1 Unwanted signal generators G1
2 Wanted signal generators G
3 Load resistor R

4 Low-pass filter
5 Audio-frequency ve
according to CCI

3.3 Me

The foll
electric {i

radiated

using the TEM mode

3.3.1 Mleasureme

A homogeneous, electromagnetic wave under the free space conditions can be simulated by a
guided wave of the TEM (transverse electromagnetic) mode travelling between two flat parallel
conducting surfaces. In this case the electric field component is perpendicular, and the
magnetic field component parallel, to the conductors. TEM devices may be of the open stripline
or the closed construction, e.g. TEM or GTEM device. Details of the TEM and stripline devices
are given in CISPR 16-1. The description of the GTEM device is under consideration.

3.3.1.1 Measurement set-up using the open stripline

The open stripline consists of two parallel plates sufficiently spaced apart to accommodate
twice the electrical height of an EUT. The metallic structure of the EUT in the vertical plane
constitutes the electrical height of the EUT. EUTs whose electrical height is greater than half
the parallel plate separation may load the stripline and introduce a significant effect on the
applied electric field strength. It should be noted that above the cut-off frequency of the
stripline, both perpendicular and horizontal electric field strength components are present.
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For the EUTs that meet the above height restriction and for testing generally under 150 MHz,
the following arrangement and stripline distances are recommended:

the base of the stripline shall be placed on non-metallic supports at least 0,8 m from the
floor, and the top conductor plate shall be no closer than 0,8 m from the ceiling;

when used in a room, the stripline shall be spaced at least 0,8 m from its open longitudinal
sides to walls or other objects. When used inside a screened room, RF, absorbing material
shall be placed in the space between the sides of the stripline and the walls of the screened
room. Figure 29 shows the basic arrangements;

the EUT is placed on a non-metallic support, 100 mm high, in the centre of the stripline
(see Figure 30);

late of the
ible and
transfer

connecting |
stripline. The lengths of the leads inside the stripline shall be as
completely surrounded by ferrite rings to attenuate induced
impedance of coaxial cables used shall be not higher than 50 m

any balanced-to-unbalanced transformer used shall be connested 3 i Peads as
shor} as possible;

term|nals of the EUT not used during the measuremep shielded

resistors matching the nominal terminal impedance.

If an EU bparatus
shall be taken to
ensure t cautions
may inc filter on,

N
I—\[\/
. £ 0,15 m
g
: A
4 A v5 } 6 :
3 Y \
|
'\NK 111 ) £
U ' 1 «
N ! / -
2: 8
1 9
1 to 11: absorbing panels with dimensions of approximately 0,8 m x 0,4 m
IEC 1864/03

Figure 29 — Example of the arrangement of an open stripline TEM device in
combination with absorbing panels inside a screened room with
dimensions 3 m x 3,5 m (see 3.3.1.1)
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RF interfering
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Receiver under test

:2003(E)

signal Load
\ H Ry (100 mm

=

Hpz77o77

‘[ Ferrite toroids

Standard input wanfed signal
IEC 1865/03
Figure 30 — Measuring set<up
ambient fields in the

3.3.1.1.1
Figure 3 munity of sound and broadcast re¢ceivers.
This is § . wanted test signal is supplied by generator
G2 and ork to the input of the EUT.
The unw i i ied(k verator G1 and is connected through switch S1, wjde-band
amplifie filter F toNa” matching network MN of the stripline. The w|de-band
amplifie vide the necessary field strength. The stripline i loaded
with a te
Care sh# pect to the harmonic level of the RF output of the generatof G1 and
in parti¢ \ At Of the wide-band amplifier Am. Harmonics may influghce the
measure i soincide with other responses of the EUT. For the case where th¢ EUT is
a TV reqei R ponses from a harmonic may be at the tuned channel or the i.f.|channel
of the EJJT¢/An some cases provisions shall be made to reduce the harmonic level ad|equately
by inserting a suitable Tow-pass filier F that can handle the nput power irom the Am. Specific

checks of the suitability of these filters should be made.

The audio output power levels shall be measured as specified in the product requirements.
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Standard RF signal
to receiver

G2

Ga
1 kHz

S1 Am

Interfering signal to TEM
device via MN

.
G1 o o D z

.

Figure 31 — Measuring circuit for the immunity of sound brqad eivers

ambient fields (see 3.3.1.1.1)

3.3.1.2 |[Measurement set-up using a closed TEM device

(Under gonsideration)

Measurément circuit

(Under gonsideration)

HC 1866/03

3.3.2 Measurement using absorber-l'ne%ld d s

3.3.2.1 |Introduction

Absorbef-lined shielded roe a Qmprised of a standard six-sided shielded room which has
some fdrm of ateriaNapplied to the four walls and ceiling. Generally, the
shielded room fl i ds the reference ground plane for measufements.

For field| uniformity,

OQm’may also require the addition of absorber material.

The abgorber matexja rally comprised of carbon-impregnated foam. Other |material

includes| ferrite \i Qmbinations of ferrite tiles and carbon-impregnated foam.
Both matteri i desirable energy impinging on its surface in the form|of heat.
For high g, due concern for exceeding the heat dissipation fating of
the absqfbi i uld be given. Special fire-retardant treatments are available for

the matg

3.3.2.2

The size of absorber-lined shielded rooms depends on several factors:

a) test area needed for the EUT system;

b) volume necessary to accommodate the transmitting antenna and its required height(s)

above the ground plane;
c) size of the absorber material;
d) separation between the antenna and EUT;
e) separation between the EUT and antenna from the closest absorbing material;
f)

of immunity field in the test area.

the dimensional sizes of the chamber required to give the required accuracy and uniformity
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The size of the absorber-lining material needed is a function of the amount of suppression
required of the undesired reflections. Such material which is generally pyramidal in shape for
carbon foam is effective when the height of the material is a significant fraction of a
wavelength. When this fraction is realized, the absorbing material can attenuate the reflected
energy by 20 dB or more. The attenuation values increase considerably when the wavelength is
less than that of the height of the pyramidal material. Conversely, the attenuation is degraded
to a very low level for carbon-foam absorber material height much less than a wavelength. This
latter condition is usually the case for most practical sized absorber material (1 m or less in
height below 100 MHz). Use of such absorber-lined rooms is thus seriously restricted at these
frequencies or lower.

The response of absorber lined chambers under 100 MHz can be improved by a suitably
chosen j;ayer of ferrite tiles and carbon-foam material. In general, the Iayerm%é:sists of
9

ferrites girectly mounted on the shielded room walls and ceiling (and p looxing), a layer
of dielegtric material, the carbon-foam material, and in case of flog inert fill

between the pyramids and a mechanically strong, load-bearing, cti “Walk-on”
material| The ferrite yields additional reflection reduction below blected).
It should be noted that such ferrites are non-linear suppression mateg he i t on the
absorbel room reflective properties as a function of frequenCy sh ized before

using such material, especially above 1 GHz.

3.3.2.3 [Transmitting antenna

There afe many varieties of transmitti a d to reproduce the desired
immunity field inside an absorber-lined _shig|de ; t critical parameters [for such
antennap are the ability to dissipate hig ) and to have a bgamwidth
sufficienttly wide to illuminate the EUT te , linearly
polarized antennas should be used. Typi periodic
arrays and ridged rectangu hbsorber
materialf At leasta 1 m cl e

3.3.2.4 |Signal generati
No specjfal signal :‘;

enerator

and pov 2 bsts are
performgd insi ber-lined shielded room. The signal sources should be capable of
producirlg bothnCWW and R i i i i irements of
the power aplifi i i several
frequengie » nerator
and po nplifie adeq ately suppress harmonic and spurious outputs. The suppression

should Qe § S mpared to the desired frequency output and to the immunity limit at
these harmoni h-power low-pass filter which tracks the output signal may haje to be

3.3.2.5 Calibration of generated electric field

The purpose of field calibration is to ensure that the uniformity of the field over the test sample
is sufficient to ensure the validity of the tests results.

This standard uses the concept of a “uniform area” which is a hypothetical vertical plane of the
field in which variations are acceptably small. This uniform area is 1,5 m x 1,5 m, unless the
EUT and its leads can be fully illuminated within a smaller surface. In the test arrangement,
the EUT will have its front face coincident with this plane.

Because it is impossible to establish a uniform field close to an earth reference plane,
the calibrated area is established at a height no closer than 0,8 m above the earth reference
plane and where possible the EUT is located at this height.
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In order to establish the severity of the test for EUTs and wires which must be tested close to
the earth reference plane or which have larger sides than 1,5 m x 1,5 m, the intensity of the
field is also recorded at 0,4 m height and for the full width and height of the EUT, and reported
in the test report.

The antennas and cables which have been used to establish the calibrated field shall be used
for the testing. Since the same antennas and cables are used, the cable losses and antenna
factors of the field-generating antennas are not relevant.

The exact position of the generating antenna shall be recorded. Since even small dis-
placements will significantly affect the field, the identical placement must be used for testing.

NOTE The—area—oi-the—uniform—field—should—be—astablished —by—an—urmodulatedREsigral—Use of an
unmodula ed signal assures proper |nd|cat|on of any fleld |nten5|ty measurlng deV|ce

3.3.2.6 |Performance monitors

Based on the test plan, various sensors should be attached to ecord an
analogug or digital signal, which will indicate performance degradation; and the
leads eXtending outside the absorber-lined shielded room ¢ ou ' hance or
immunity of the EUT nor become uncalibrated by the appt i sence of
the abso¢rber lining. In some cases, the leads from the EUY uipment

outside |the absorber-lined shielded room can be(mohifored\for p adation.

The degradation monitors in this case do not have i i energy.
They shiould, however, be immune to”ar hucte 3" on the leads outfside the
room. | ! > & clear window pane| on the
shielded room wall or closed circuit telewisi 5 ed. The panel area should be
convertgd with an integral shielding material, i.ex Wi esh embedded in glass or conductive
transparent material applied to the gla ace~Phe\TV gamera should be located embedded
inside afljacent pyramidal -foa rial in a position within the rgom that
does ngt intercept a maj e Xudio degradation can be measpred via
acoustic|couplers or b i overed audio modulation of the amplitude modylated RF
immunity signal carrier.

3.3.2.7 [Immunit

3.3.2.7. i i pe of the test zone of the absorber-lined shieldg¢d room.
A unifor i products, that is, the EUT linear dimensions are les$ than a
wavelength, e antenna separation is greater than a wavelengfh away.

The field \ separations closer than a wavelength. For larger products,
i.e., whelffe the imensions are greater than a wavelength, the antenna sHould be
separatgd by a distance. equal to the largest linear dimension of the EUT in metres |squared
divided |by the~wavelength of the immunity signal. If measurements are made gt closer
separatipns,\the résgive antenna will be in the complex near field zone. This complexity must
be accopnted for in such tests to assure repeatability and the prediction of the far field from
such near field data.

3.3.2.7.2 Performance monitors are attached to the EUT as required in the test plan. Field
strength sensors, if used, should be placed to monitor or provide field levelling only if the field
that is being recreated was so measured at the actual product location when used by a
customer. All connections should not be affected by the field or absorber material nor change
the performance of the EUT.

3.3.2.7.3 The transmitting antenna should be mounted on an antenna positioner capable of
varying the polarization, height and location of the antenna with respect to the ground plane
and EUT. Narrow beamwidth antennas should be kept pointed at the EUT as they are raised
and lowered.
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3.3.2.7.4 Provisions should be made to monitor and record the various performance
degradations specified in the test plan. It is strongly suggested where possible that subjective
visual or aural monitoring by a test operator be replaced with objective analogue or digital
voltage or current EUT response. This electrical monitoring technique minimizes tester errors
that result due to the tedious and lengthy test cycle nature of immunity measurements.

3.3.2.8 Immunity test procedure

The test procedures for immunity measurements inside absorber-lined shielded rooms are
generally the same as those inside a regular shielded room. Since the interaction of all the
reflected signals normally present in an absorber-lined shielded room are much less, absorber-
lined room measurements are more accurate and repeatable. In both cases, the test personnel
and testfi i om.

The gengral test procedure includes the following:

a) esta
requ

f any is
red);

b) configure and operate the EUT as typically used ar
immunity response;

mize its

c) vary 3t which
degr

d) scan brofile or
to de

e) reco function
of fre

3.3.3 Mieasurements us

3.3.3.1 |[Introduction

Radiated immur@x‘
radiated issi

ae€ by their very nature significantly higIer than
d by national governments. Typical test levels for

much e //m. For some EUT systems and large stapd-alone
electron inate the entire EUT requires high power, an|efficient
and wid 'ng antenna, and a large test area. The power and |antenna
require ependent of the type of test facility used. In some cases the
large EUMN fdnctional until all its parts are assembled on site at the user's
premise ite that is quite large. One such test site is the same open area|test site
used for i i measurements. These sites are useful over the full frequenpy range

and ha
in 3.3.3.B.

pplicability above 30 MHz subject to the severe restrictions stated

3.3.3.2 Measurement site requirements

The open area immunity test site (OAITS) that meets the same requirements for the open area
test site (OATS) specified in Clause 5.6 of CISPR 16-1 are physically suitable for immunity
tests. Other sites may be used as long as the electric field strength in the volume occupied by
the EUT does not vary by more than the specified tolerance. This may require that the
transmitting antenna be located on an antenna positioner to change the antenna height and in
some cases, polarization, above the ground plane and antenna location. In changing the
antenna height, narrow beam-width antennas must be kept pointed towards the EUT. Height
change would be used to adjust the addition of the direct signal and then reflected from the
ground screen so that a specified uniform field is found in the EUT volume as frequency varies.
These requirements need only hold for the frequency range specified in the test plan. Absorber
material may be required on the ground plane to meet the field uniformity requirement.
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3.3.3.3 Interference to radio services

The potential for causing interference to licensed radio-frequency services in or near the
OAITS is generally high due to the very magnitude of the immunity signal. Extreme care should
be taken to ensure that the generation of the test field does not adversely affect such RF
services, especially in the various safety bands. Fields no higher than needed to measure to
the specification limit or to record an EUT performance degradation below that limit should be
generated. If generated, they should be applied for very brief time intervals.

There may be certain frequency bands where the interference potential is significantly reduced.
For example, ISM band frequencies are likely to be unaffected by such measurements. In
some admmlstratlons |t may be reqmred to secure an experlmental radio I|cense from the

national 3 i d length
of operati licenses
for frequ 3 ernment
channel$, standard time and frequency broadcasts, etc. are S fed. of ISM
frequengies and other industrial use frequencies are generally mo iKe roved.
Note, hdwever, that these approval frequencies may be so spagédapart t iimmunity

responsg will not be completely described.

Under fgr-fielded conditions the ambient interfacing field

where

U is th¢ input voltage at the tuned radiatin

d is the
loca

esistance R;

t 9
e .

G is th¢ gain of the antehgawi aif-wave dipole.

where a sensitive radio receptorl may be

The fac
plane if
of a verli
the refle

plies the effect of the total reflection at th¢ ground
2 is adjusted for maximum field strength. In {he case
a, the effective field resulting from the direct and from
ically linearly polarized field.

3.3.3.4

3.3.3.4.1

Basicall measurement procedures are the same as those for measyrements
made uging any enclosed test site such as a TEM cell or shielded (absorber-lined or ngt) room.

In the caseofthe—TEM—celt-the aigllai IS app“cd between—the—centre—conductor—and-the outer
shell; in the OAITS and other more common shielded enclosures, the immunity signal is fed to
a transmitting antenna.

3.3.3.5 Measurement set-up using the open area test site
3.3.3.5.1 General

The power required to establish an immunity field strength is not small. Hence the closer the
EUT is to the antenna, the less power required. Most OAITS measurements are performed
using EUT/antenna separation distances less than 3 m. For large EUTs, this distance must be
increased so that the antenna can illuminate the entire EUT. Power amplifier expense and
availability over the frequency range up to 1000 MHz usually limit large system testing.
Component or partial EUT testing is substituted in some cases and judgements made as to the
overall large system EUT immunity.
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Section 4: Automated measurements

4.1 Automated measurement of emissions
4.1.1 Introduction: Precautions for automating 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 types of errors 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
skilled operator Fundamentally, there is no difference in the accuracy with which an emission
value is measured ) asgSthe-measurement
uncertai
Difficultip
scenarig

For example, an EUT emission adjacent in frequency to a high fevel™a y not be
measurgd accurately, if the ambient signal is preseg [ he au mat d test.
A knowlg¢dgeable tester, however, is more likely to distingi . rference
and the pmbient signal; therefore the method for measuring.the \ issigh can be|adapted

as required. However, valuable test time can be sayed b R i prior to
the actu ‘ sent on

the OAT] ar of the potential presence
of amb appropriate signal identification
algorithms.

Operatof i 5sion is slowly varying, if the EUT

emissio - ; {*ambrierit signals (e.g. arc welding trgnsients)

may occur.

4.1.2

Signals |need to i : 8 EWll receiver before they can be maximiged and
measurgd. The use of the'e i-p detector during the emission maximization proceps for all
frequengies in the"\spectrum ef i leads to excessive test times (see 2.3.5.1). Time-
consuming processes, It eight scans are not required for each emission frequency
They should b ~ encies at which the measured peak amplitude of the enfission is
above of nea olniss| ' Therefore only the em|SS|ons at critical frequenciejs whose

Signal detection (Prescan)

Data reduction

Emission maximization
and final measurement

I

Post processing
and reporting

IEC 1867/03
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4.1.3 Prescan measurements

This initial step in the overall measurement procedure serves multiple purposes. Prescan
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, prescan 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 prescan.
In any case, the results will be stored in a signal list for further processing.

When a inknown
emission spectrum, frequency scanning can be performed by apply i tions of
section 2.3.5.

¢ Detg

If the ennission spectrum and especially the maximum pulsexepe Y b b EUT is
not knov y rter than
Tp. The beaks of
the emig e of the
emissio q in-hold or
clear/write function of the measuring equl d i issjon for a
period of 15 s. During this period no cha e p should be made (no change¢ of lead
in case pf conducted emission, no moveme, c i ntable or
antennalin case of radiated.emission). Si i ) i veen the
max-hol e N i be taken
not to mfrk noise as in erm' ten i MRI; radiated emissions, the polarisatipn of the

antenna| is changed

intermittent peak 9
signal the pulse' i
using an oscilloscepe

measureg

epeated, to reduce the risk thaf certain
emain below noise level. From each intermittent

a.Measured by setting the receiver to zero[span or
the PF-output of the measurement receiver. The correct
iMed by increasing it until the difference between max-

hold and e.g. 2 dB. During further measurements (maximization
and final me E be assured for each part of the frequency range|that the
measuri i i allepthan the applicable pulse repetition period T

The typ t determines the definition of a prescan measurement in the
following

— Congucted emissions: prescan may either be performed on a representative |ead, for
exa |p=c tead—+—ofthe powet Hre—or—on—each—tead UD;IIH pcak detection—and—tht fastest
scan time possible. If multiple leads are measured, a “maximum hold” function should be
used to retain the highest emissions found during the measurement.

— For measurements using the absorbing clamp, prescan may be performed with the
absorbing clamp close to the EUT.

For conducted emissions or emissions measured with the absorbing clamp, two limits, for
quasi-peak and average detector, may be called out. In this case, prescan can include a
measurement with the average detector if the peak data exceeds the average limit, before
data reduction is applied. Otherwise narrowband emissions which exceed the average limit,
may be hidden by broadband emission which are below the Quasi-Peak limit; therefore a
non-compliance situation cannot be detected. It should be noted that narrowband
responses do not necessarily correspond with broadband emission peaks.

— For radiated emissions in the frequency range from 9 kHz to 30 MHz 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.
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In the frequency range from 30 MHz to 1000 MHz the antenna height may be preset to
fixed heights given in Table 2, based on measurement distance, frequency range and
polarization. The necessary prescan measurements must be made for a sufficient number
of EUT azimuths. For quick overview measurements this will yield an indication of the
radiated emission amplitudes as a starting point for final maximization. If a more detailed
determination of the worst case antenna height, polarization and EUT azimuth is desired,
the applicable standard should be used to determine the appropriate maximization
procedure.

In the 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. If the EUT surface is wider than the receiving antenna

beam, the antenna needs to be moved horizontally and vertically along the vertical plane

para o+t = oGS o oS RS = o =S >8-S O3
Table 2 — Recommended antenna heights to guarantee signa
(for prescan) in the frequency range 30 MHz to 1<6\
Megsurement distance Polarization Frequency range
m MHz
3 h 30 /100 \>
2 1/ 2
/| /Q‘E1 00 G b> 11,5
v L 30 2100 v 1
10Q.>2 1/ 2
< (28 0 1/1,5/ 2
10 \((\ 30 - %00 4
100 — 200 2,5/ 4
s 200 - 400 1,5/ 2,5/4
Q /> 400 - 1 000 1/1,5/2,5
30 - 200 1
% 200 - 300 1/ 3,5
300 - 600 1/ 2/ 3,5
600 — 1 000 1/1,5/ 2/ 3,5
\‘% h 30 - 300 4
300 - 500 2,5/ 4
500 — 1 000 1,5/ 2,5/ 4
v 30 — 500 1
500 — 800 1/ 3,5
800 — 1 000 1/ 2,5/ 3,5
NOTE 1 The recommended antenna heights have been derived for source phase centre heights of
between 0,8 m and 2,0 m for maximum errors of 3 dB (which is acceptable for a prescan only). If the
range of phase centre heights is reduced, the number of receive antenna heights may be reduced. If
lobing occurs, e.g. in the upper frequency ranges, more antenna heights may be needed.
NOTE 2 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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4.1.4 Data reduction

The second step in the overall measurement procedure is used to reduce the number of
signals collected during prescan and thus aimed at further reduction of the overall
measurement time. These processes can accomplish different 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, or 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 D of this standard. 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 prescan.

In certai , i , i i iscri ion is very
effectivd. i i i i i dulation
content. i i i Bcoustlc

v f y ranges

r further

. fAfter the
etection
§ s if the

5t signal

mrdximization by comparison of the ¢mission
UT power cord and retention of the maximum

idn of the

antenna

ge from 30 MHz to 1 000 MHz:
|nd|cated Ievel by variation of helght and polarization| of the

in the frequency range above 1 GHz:

maximization of the indicated level by variation of the antenna polarization and variation of
the EUT azimuth and, if the EUT surface is wider than the antenna beam, by moving the
antenna along the EUT surface.

Before the actual maximization sequence can be executed, the worst-case EUT set-up has to
be determined to ensure the detection of maximum emission amplitudes. The process of
finding the EUT and cable configuration that yields the worst case emissions is primarily a
manual operation. This can be done using a scanning receiver with a graphical display of the
emission spectrum and signal max hold capability for observing the changes in amplitudes as
cable and equipment layouts are manipulated. The automated final measurement of emissions
should begin after the worst case EUT configuration has been set up.
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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 be recognized that a variety of search strategies may be used which can lead to different
results. In case of previous knowledge of the EUT’s radiation characteristics, a maximization
sequence should be chosen which 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 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.

One sed rch strate t a fixed
height t¢ ed back
over the|full range after the antenna polarization was changed (e.g ertical)
During this process test data is taken continuously with the receiyer\and aixth of the

second g
are dete izahi are iselected

and the . pasition yielding the
maximum amplitude. At this point the emission level is e' er e gceiver’s
quasi-pfg i ontinues
with inc find the
maximum emission amplitude at the given freque i precision. Agcln, it is

importar o,EUT in order to set up the
softwarg n0f the EUT emissign in the
shortest| time. iability is i i F & en the final measurg¢ment is

4.1.6

The last ~ : mentation requirements. The fung¢tionality
for defifing sorting and somparison routine ieh then can be automatically or intgractively

applied o signal lists s piling the necessary reports and documgntation.
The corfected p gsi
selection criteria. & 1'e

3ignal amplitudes should be available as sjorting or
)cesses are stored in separate output lists of can be

combing abte for documentation or further processing
Results i bular and graphics format for use in a test report. Furthermore,
informat S itself, e.g. transducers used, measuring instrumentation, and

docume i set-up as required by the product standard should also bg part of
the test

h 5: Factors influencing measurement accuracy

5.1 Factors influencing measurement accuracy
Measurement errors can occur due to the following:

— mismatch (see 2.2.1);

— insufficient signal-to-noise ratio;

— meter and display errors;

— overload and intermodulation effects of the measuring receiver;
— calibration accuracy of ancillary equipment;

— presence of extraneous interference.
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During measurements in the presence of extraneous interference, ranges of higher sensitivity,
which do not comply with the requirements of CISPR 16-1 of this standard with respect to the

standing

wave ratio and overloading characteristics and which should be marked accordingly,

shall not be used. If measurements have to be carried out in these ranges, besides checking
for overloading, the extraneous interference voltage superimposed by the noise of the
measurement receiver shall be measured when the test object is switched off.

During measurements at the place of installation, it is recommended to monitor the AF signal
of the radio interference measurement receiver in order to distinguish between extraneous

interfere

nces and the signal to be measured.

5.1.1 Accuracy of measurements

The errg
are intrg
are undq

51.2 A

al errors
certainty

r for sinusoidal voltages at the receiver input shall not exceed
duced by ancillary equipment. (Methods to analyze overall A
r consideration.)

voidance of extraneous signals and effects

a) Maximum permitted level of extraneous signals (see 2.3, p r due to
extrg i B i has been fllfilled if
extrs f, is 20 dB below the
radiq i

b) Filtefi eQus interference, radio inter-
feren rooms and with an additional
main nsformer) (see also 2.3.1). If the
extrg ed to the
requ voltages
shall|be recorded int

c) Overload and intermodulation ) io i pulses,
measgurement errors (i 3 ice. ading is
made ewden<> i i e ™ value.

Overloadling is insigpffi i isplay drops by less than 1 dB when the inpuf| voltage

attenuatpr is redugen Qi 10 dB and if the complete i.f. gain is reducefd by the

same af

has occlirred nsufficient signal-to-noise ratio.

This chg
overloag

hount af the reading drops by more than 1 dB, intermgdulation

evant\for interference measurement receivers with automatically cpntrolled
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Annex A
(informative)

Guidelines to connection of electrical equipment to
the artificial mains network
(see 2.2)

A.1 Introduction

2003(E)

This anne assess
the dist D kHz to
30 MHz| It provides information on methods of connection of such eq |p artificial
mains network for the measurement of terminal voltages. A table i 3 general
presentgtion of various cases encountered in practice enabling }wtable
technigye to be selected.
The casgs described below in A.2 identify propagation of the
a) by cpnduction along the connected mains leads i : k4 and 74 in the equi-
vaIeIt circuit diagrams), or
b) by radiation and coupled to the conpected /> in the
equiyalent circuit diagrams).
Whethel conducted or radiated disturba Ni i hgement
of the BUT with respect to the groupd r C wdi ioh to the
referenc 3 network
(shieldedl or non-shielded €ab
A2 C assificai’on of
A.2.1 \I/ i d k
In this ¢ gtes. The
disturba ntly, the
voltage eference
increasel oItage U4 is maximized (U4 = ZI41 = E¢) when the impefance of
the curr inimized by short-circuiting C¢ either directly or by using [shielded
cables tq e Figure A.2). (Also, see the discussion in Clause A.3.)
EUT Artificial mains
—] network
Eq ) L U
A AN 1

~ C) 1 Screened cable T ¢
11

/ / / v

IEC 1868/03

Figure A.1 (see A.2.1)
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EUT

Ih

Artificial mains
network

Uq

) - f\[
A N

I

— R —
—_— (2 —_—r C1

[

l Screened cable .

| Ey Eq I

| . A2
| :

777 77777 777777777 77777777

L LA SLL S S S S

IEC 1869/03
Figure A.2 (see A.2.1)
A.2.2 Well-filtered but incompletely shielded EUT (Figuyés
In this dase, the disturbance current fed to the main and the
voltage pcross the artificial mains network may be dominated ‘ j iation either

from gaps in an incomplete shield or from a protr d'ng
leakage|can be represented schematic
internal disturbance source of e.m.f. 4
current f». Part of the current I, which
and a pjart of I, returns via the artificj

ween an
asses a
y s via Cq
e supply leads are unfshielded

(Figure A.3) and the impedance of Cq [s lafg 8 ith the artificial mains impgdance Z

(ZC1 w<4g< 1), then I, is neg 3 ye'Us

If Cq is Increased, Z i ; ilh'decreage. At the

is nearly equal to IoZ (U £ ZI5).

limit, when C4 is short-cir¢uited by

supplying the EUT thrg » k igure A.4), so that no part of I flows through Z,

then Uy will be z

Filter

EUT Artificial mains
/ netwofk
. e B Bt~ = ~C
[2 I B
i \> B 41 1D D y
N A I . T
T¢ T¢ @ T §

% ST S S S S

S S /S

TEC T8/0/03

Figure A.3 (see A.2.2)

A.2.3 Practical general case

Most usually in practices, neither the shielded nor the filteri

TEC 1871/03

Figure A.4 (see A.2.2)

ng are perfect; the two preceding

effects then occur simultaneously and they are additive. In such conditions, the three following

cases may be encountered.

A.2.3.1 Supply through shielded conductors (Figure A.5)

The current /1 caused by leakage due to radiation flows in a
the external surfaces of the screening of the artificial m
conductors; it has no effect on Z.

circuit closed through ground and
ains network and of the supply
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The voltage U4, which may be measured across Z, is solely due to the current 741 injected into
the supply conductors and returning through the internal surfaces of the screening of the
artificial mains network and these conductors. The voltage U, is then maximum:

Ui =271 = Eq

EUT Artificial mains

| I network
Eq > L

= Uq

2l

h? +C1 LIJvl
7 S S

IEC 1872/0

Figure A.5 (see A.2.3.1)

A.2.3.2 | Supply through unshielded but filtered condu

If a highly efficient low-pass filter is connected to (the/input s 'T, with its spreening
directly tonnected to the screening of the EUT, : 6 ource Eq to tHe mains
conductors will be stopped by the filter

As in th¢ case represented in Figure A.E o due_tothe radiation returns tIrough Z
and the |conductors (if ZC1 w << 1); th { ured across Z is then produced solely
by the rgdiation.

Artificial mains
network

O

i LPX
/"K 7 7777 TTTTT77 7 77X
IEC 187§/03

Figure A.6 (see A.2.3.2)

I

A.2.3.3 Supply through ordinary conductors (Figure A.7)

Should the filter in Figure A.6 be removed, the current /4 from source E4 reappears on the
conductors (Figure A.7). In comparison to Figure A.5 (with the maximum possible value of I4
for the supply of a non-filtered EUT through shielded conductors) the value of /1 in Figure A.7
(supply of a non-filtered EUT through ordinary i.e. unshielded conductors) is, if ZCq w << 1,
reduced to a minimum value in the ratio of /4 (EUT unshielded) / 74 (EUT shielded) = ZC{ w
referred to its minimum value (Figure A.2). The current /5 is the same as in the previous cases,
but as the conductors are not shielded, it passes also through Z and the mains conductors.

The voltage U across the artificial mains network results then from the superposition of
currents 71 and Io. When electromotive forces EF1 and E, are themselves produced by a
common internal source, these currents are synchronous and the voltage U depends not only
on their values but also on their phases. For certain frequencies, it may occur that currents 74
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and I» are in opposition and if they are also of approximately the same magnitude, the voltage
U may become very small even if /41 and I are individually quite large. Moreover, if the
frequency of the source varies, the phase opposition may not remain constant and voltage U
may show rapid and considerable variations.

EUT Artificial mains
network
Ordinary cable I |
— U

~ ~

I
|
|
y | —
|C2 C1'T1 (\( A
| | 1 ('

T I T x€€§/
) 874/03

s b e o

Figure A.7 (see A.2.3.3)

A.3 Mepthod of grounding

In the fpregoing, the connection to ground of the (EU a through
connection of shielding of the supply conductors {0t

This is the only correct solution in order ¢ stinction

between the two kinds of currents 74 and I, without
exceptign to all frequencies.
For frequencies below 146 i Iy%sm result may be achieved by gfounding

through maxim) ), running parallel to the mains |ead and

not mor¢ than 10 cm dj

For frequencies™abg
especially at the high€é
be used|in all ca .
charactgristic impedaxncs

plified solution should only be used wi(th care,
hen strongly recommended that screened copductors
equencies, it may be necessary to take into acdount the

A4 C
Ad41 G

A.4.1.1 | General r

It appears from the considerations discussed above that the behaviour of the measuring circuit
for the voltage across the artificial mains network and, hence, the result of these measure-
ments, is largely dependent on how the frame of the EUT being tested is connected to ground.
It is therefore essential to specify these conditions closely.

Essentially, the principal effect of grounding is to separate the two currents /41 and I, and
possibly to cause opposing variations of their respective actions on the measuring apparatus
(which measures voltage U across Z). In the limiting case of a direct connection from the
body of the EUT to ground, which short-circuits C1, the values of current /1 and thus of voltage
Uq = ZI41 = Eq, are maximum; on the contrary, the current 7, due to radiation passes entirely
through this short circuit and the corresponding voltage Us is reduced to zero.

From these remarks, the following general rules are drawn.
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Direct grounding should always be used when testing:

a) a non-radiating EUT (e.g. a motor) as, in such a case, the measurement yields the
maximum value of the disturbance voltage which may be met in practice;

b) a poorly filtered radiating EUT when, without troubling to measure the radiation, it is wished
to measure solely the disturbance voltage due to direct injection into the supply conductors:

1) either for assessing the efficiency of the filter (for instance, for the time base circuits of
television receivers);

2) or for assessing, in the laboratory, the actual disturbance produced by an apparatus
whose radiation in normal operation will be suppressed by shielding (e.g. a transformer
for the ignition system of fuel for boilers).

A.4.1.2 Directgroumding

Direct grounding should not be used when testing item b)1) of A.4 ery well-

filtered EUT which generates considerable radiation (for example, aratus
with damped oscillations, arc welders, etc.). In all these cases, the artificial
mains network becomes very small with direct grounding, w ding the
voltage may be quite large or unsteady. The measuremen s and it
may be¢ome necessary to make the grounding through<a spe NN in [order to
3|mulat the actual |mpedance of the safety ground 2} S .g. by a

om the “poIIutted” and
therefor¢ “poor” protective earth ground (see lower p

NOTE The impedance of such an “electrical Jong” condustor Js, in cas idn Class I,
normally ¢qual to the mains simulation impedance\specifi as termination f the EUT
provided by the artificial mains network (constituted Yy theNgetwork of80 pH\t+ 1 Q which, due to thermal problems in case
of high cufrent loads, may be reduced to a netwg

A.4.1.3 | No grounding

Without Jany grounding, th ag ss\the artifisidl mains network results from the|addition
of both furrents 71 andy. c an oplly be obtained when one of these |currents

is reducgd to zero, gith { c ed shielded but poorly filtered EUT (e.g. a jnotor) or
with a very weII-fi‘ : 3. atelevision receiver, an ozonizer, etc.)

NOTE If]i ass | for the purpose of analysis of /,, for the reduction of /, the
impedanc is not sufficient, a high impedance RF choke (1,6 mH) may be
inserted in

The me ¢ 'eld only the value of the total disturbance, without allowing any
discriminati esult g only valid for the conditions used during the test. Such
conditiof 5 2n be wery well defined, namely the values of the capacitance to the ground

plane of : ts of the EUT (for instance, the capacitance of the transmislsion line
from the ialin_thecase of a television receiver). Moreover, a single measurement for one
arbitrary has no significance if, for this frequency, currents I4 and Iy are in
oppositipni’As a matter of principle, then, it is necessary to make measurements at al number
of frequencies.

A.4.2 Classification of typical testing conditions

Tables A.1 and A.2 summarize the various testing conditions and the types of EUTs for which
they are suitable. The tables also give the meaning of the measurement, that is, the physical
quantity which corresponds to the voltage U measured across the artificial mains network Z and
also the precautions to be taken when making the measurement.
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Table A.1 (see A.4.2)

Types of apparatus

Quantity measured

Details of the

Method of connection Essential characteristics measurement
Examples
Earthing|Radiation| Filtering
Motors Weak |Moderate Actual interference The interference
Electro- (reduced) solely due | depends on C;
domestic to injected current C,
appliances
Ordinary cable — Very Actual interference It is necessary to
s good solely due to radiation | state accurately the
7 OzZonizers TOTTEnt 15 positorofthe
= u (applianc with Jegard
: Total overall inter- to ote
QA;;;;:’[IU s Without ference resultin thewval
) the superpositicq of
Arc-welding the two precedin
effects (léoned\l})\
Television Strong | Moderate
receivers A Measurement
(time-base) shodld be repegted,
rdinary cable frequency bging
varied
Wit e The position of the

goo

\ﬁal length

appliance with re¢gard
to earth should be

specified in ordgr that
RCye0 <1
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Table A.2 (see A.4.2)

Details
Method of connection :ggaersa?lfs Quantity measured Examples of the
measurement
Non-radiating Maximum actual All motors
Screened cable appliances interference as C provided with an
AL ances. ! ce s ¢t /
o o+ provided with an | is short-circuited earth terminal
earth terminal
Television
) receivers
7 | Radiating Check on the efficacy | Medical
i of the screening annaratus
when it is Ozonizers
desired to
measure only
the inter- .
ference Actual interference \\/
caused by caused by an >
current feed appliance which, in
to mains normal use, r@
carefully screeaed
i , Televiston The ppsition
Screened filter Zs;:gnilézred Checkfon t ’ ffica }Sﬂlee; High- of thg
AN A2 C when it is Of(ﬁti cregning frequency indus- | appliahce
/\ ial apparatus with rggard
to earth
Ordinary cable should be
Fluorescent speciffed in
lighting order that
S P ZCo <1

A5 C Itage probe
Conduc of EUTs with high operational currents maly cause
difficulti range 9 kHz to 150 kHz (30 MHz) are avallable to

approxin ent. AMNs for the frequency range 150 kHz to 30 MHg (50 pH

parallel

EUTs Wi i rating may be tested using the AMN as a voltage prope. This
alternati ion is\also helpful for in situ measurement, if referred to in the applicable
product ptandard.
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CISPR 16-2 O IEC:2003(E)

Configuration 1: appropriate application as a V-network

97—

Ground

Configur,

NOTE E

EUT 50 Q V AMN
Mains
} EMl-receiver
TE 1875/03
btion 2: application as a voltage probe
<\ \ 30 pH... 50 yH
EUT \P=RY YT Mains
R VAR YYD
AN Y
( ] 1
\) 7 \| Ground : ‘
% V AMN \
as pfobe —\N'jk‘\/
% EMl-receiver
IEC 1876/03

posed pinSjust

he made

afe

AN configurations (see A.5)
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