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INTERNATIONAL ELECTROTECHNICAL COMMISSION
INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 2: Methods of measurement of
disturbances and immunity

3(E)

FOREWORD

its approval and cannot be rendered responsible fo
ublication.

EC Natlonal Commlttees for any personal injury, property dama
€ soever, whether direct or indirect, or for costs (including legal fees
afxghe ‘publigation, use of, or reliance upon, this IEC Publication or any othef

8) 1OR_i t ative references cited in this publication. Use of the referenced publicatio

9) Attention is¢drawr_to the possibility that some of the elements of this IEC Publication may be the subjd

Intefnational Standard CISPR 16-2 has been prepared by CISPR, subcommittee A: Radio i

ional
m all

ional
IEC
any

dtions
dence
ed in

any
and
ge or

and
IEC

ns is

ct of

nter-

ference’measurements and statistical methods

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

The document CISPR/A/443/FDIS, circulated to the National Committees as Amendment 3, le

to the publication of the new edition.

nt 1

d


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

CISPR 16-2 O IEC:2003(E) -7-

The text of this standard is based on the first edition, its Amendment 1 and Amendment 2 and
on the following documents:

FDIS Report on voting
CISPR/A/443/FDIS CISPR/A/463/RVD

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

This

Thig standard should be read in conjunction with CISPR 16-1.

The| committee has decided that the contents of this publication
2004. At this date, the publication will be

until

. econfirmed;
e \ithdrawn;
. eplaced by a revised edition, or

&&%
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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

Thig part of CISPR 16 specifies the methods of measurement of E the

frequency range 9 kHz to 18 GHz.

1.2 | Normative references

The|following referenced documents are indispensable for the
datgdd references, only the edition cited applies. For undad
the referenced document (including any amendments) gpph

application-of\thissdgcument| For
aren latest editign of

IEC|60083:1997, Plugs and socket-outlets for do ed in
member countries of IEC — Standards

IEC|60364-4: Electrical installations of building

CISPR 11:1997, Industrial, scientific af d medlc jo- ] - Ctro-
magnetic disturbance characteristics — rethods

CISPR 13:2001, Sound ang tetevision byoadc rece 1 ] — Rladio
disturbance characteristi j j

CISPR 14-1:200 ces,
eledtric tools an i

CISPR 16-1:1999,/8 and
methods — Part 1\Ra¥i

CISPR 22:1997, Infe jon ] io di jisti mits
and|methods

ITUIR RecommendationBS. -4: jo- ] el in

sound broadcasting

1.3 | Definitions

For the purpose of this part of CISPR 16, the definitions of IEC 60050(16 1) 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
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3
duct publication

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

spe

1.3.

cific aspects of such a product or product family

4

emission limit (from a disturbing source)

the

specified maximum emission level of a source of electromagnetic disturbance

[IEV 161-03-12]

1.3.p

immunity limit

the

[IEM 161-03-15]

1.3.6

gro

a cdnnection that constitutes a defined parasitic capacitancé
serves as reference potential

NOTE See also IEV 161-04-36.

1.3.7
(electromagnetic) emission

the

[IEV 161-01-08]

1.3.8
Immunity (to a disturbance

the

an glectromagnetic dis
[IEV 161-01-20]@
1.3.9
coakial cable

Epecified minimum immunity level

ind reference
ing of an EUT

bhenomenon by which electromagne n a source

bbility of a device, form without degradation in the preseng

a cible containi o e coaxial lines, typically used for a matched connectio
associated_e¥y X easuring equipment or (test-)signal generator providin
spegified ¢ pedance and a specified maximum allowable cable tran
impedance

1.3.110

confmon\mode (asymmetrical disturbance voltage)

the

RF veltage between the artificial midpoint of a two-conductor line and reference groun

and

e of

n of

g a
sfer

d, or

ctor

in case’of a bundle of lines the effective RF disturbance voltage of the whale bundle (vd

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-

Sec

tion 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]


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

-10 - CISPR 16-2 O IEC:2003(E)

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) fhe vector sum of the asymmetrical voltage and half of the symmetrical v

b) the vector difference between the asymmetrical voltage and half of th hge.
NOTE See also IEV 161-04-13

1.3.115

medsuring receiver

a refeiver for the measurement of disturbances with differe t

NOTE The receiver is specified according to CISPR 16-1

1.3.116

test| configuration

e E hich an emission or immunity

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

IEV 161-03-15, definitions of emission level and immunity level,
1.3.17 z)

an agreed reference load (si edaneé presented to the EUT by actual netwprks
(e.g}, extended L i ) across which the RF disturbance voltage is
medsured

1.3.18

artificial mains netw

a ne¢twork ingerted \ 5 mains lead of apparatus to be tested which provides, |in a
giveln frequehcy rangeA\a spefified load impedance for the measurement of disturbance
voltagesdand iclhhmay isglate the apparatus from the supply mains in that frequency range
[IEM 161-04>C

1.3.119
weighting (quasi-peak detection)
the repetition-rate dependent conversion of the peak-detected pulse voltages to an indication
corrésponding to the psychophnysical 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.

for he |IF-output’pf a
medsuring receiver, which causes a transient deflection on the meter of & suring. recegiver
in qyasi-peak detection mode

NOT

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

1.3.p2

full

shielded enclosure, the internal surfaces of which gré li , gquency absorping
material (i.e. RF absorber), that absorbs electromagnetic : 2 frequency range of
interest. The Fully Absorber-Lined Room is interded ' - ee space environment
where only the direct ray from the transmitting, A he receiving antennal All
inditect and reflected waves are min : evofpgropér absorbing material on all
wall

1.3.p3

medsurement time

Tm

the gffective, coherent|Nj i gsult at a single frequency (sometimes falso

called dwell time)
— for the peak {

— for the quasi-pea
bnvelope

1.3.p4
swelep
a cdntinuous-\freque

variation over a given frequency span

1.3.25

hted

scat

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

obsgrvatiomrtime
TO
the sum of measurement times T, on a certain frequency in case of multip
number of sweeps or scans, then T, =n x T

1.3.81

totall observation time
TtOt . . . .
the pffective time for an overview of the spectrum (either s
nurber of channels within a scan or sweep, then T, = ¢

eeps). If ¢ i

2.1 [ Types of disturbance to be measured

Thig subclause describes
appfopriate for their mea

21.1 Types of disturba

dependent on the spectral distribution, measy
P occurrence, and degree of annoyance during

For |physical an
recqiver bandwidth,

assg¢ssment and m neRof radie ‘disturbance, distinction is made between the folloying

types of disturbange:

a) parrowbakd condigu i.e. disturbance on discrete frequencies as,

g the

the

tors

ring
the

for

xamplexthe dame tals and harmonlcs generated with the intentional application of RF

nergy~with~§ yuipment, constituting a frequency spectrum consisting only of individual

pectral Iings:whose Separation is greater than the bandwidth of the measuring receivq
asurement only one line falls into the bandwidth in contrast to b);

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

r so

the

epeated |mpulses of, for example, commutator motors, and WhICh have a repe ition

measurement more than one spectral line falls into the bandwidth; and

the

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;

Mes

2.2 [ Connection of measuring equipment

and

Thig subclause describes the connection of measuring equi :
robes, absorping

assrxciated equipment such as artificial networks, voltag
clamps and antennas.

2.2.1 Connection of associated equipment

| be
the

The[connecting cable between the m
shiglded and its characteristic imped
medsuring receiver.

The|output of the associated
2.2.p Connections to

The| artificial mai n
impgdance, e.g.@
wall|of a shielded Yoofr

(makimum length

onnected to the reference ground by a low RF
s€ of the AMN to the reference ground or refergnce
dance conductor as short and as wide as pragtical

Termi ; : shall be referenced only to the reference ground. Grgund
loops (com imps dpling) shall be avoided. This should also be observed for
medsuripg apparatis’(e.g) measurmg receivers and connected associated equipment, such as
oscilloscop 8 < etc.) fitted with a protective earth conductor (PH) of
Profection Crla equipthent. If the PE connection of the measuring apparatus and thg PE

connection .6f )thewpower mains to the reference ground do not have RF isolation from| the
refefence_ground, thé necessary RF isolation shall be provided by means such as RF chokes
and| isglation transformers, or if applicable, by powering the measuring apparatus from
battefies, so that the RF connection of the measuring 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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General measurement requirements and conditions

io disturbance measurements shall be:

3(E)

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

llevel ot the relevant disturbance limit;

d)
e)

f)

2.3.

The

its particular operating and calibration requirements.

aving a defined measuring set-up, termination and operating conditions

I Disturbance not produced by the equipment unde

reqirements. Should the spurious noise level exce

in the test report.

2.3.

1.1 Compliance testing

ving
rded

A te The
amb ired
med T is
incr be
dete g.
In t entNdccording to a limit, the ambient noise level is
perr and
sou ered
to meet the limi for
narr

NOT by be
poss nade

in thi

2.3.

2.3.

P Measurement 6f continuous disturbance

2.1 Narrowband continuous disturbance

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

retu

rned if the frequency fluctuates.

2.3.2.2 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.
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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

acc

uracy and peak, average and quasi-peak detection. These characteristics are considered

in Annex B.

2.3.

The|EUT shall be operated under the following conditions:

2.3.

and

2.3.

The| time of operation shall be, in the case of EU
accordance with the marking; in all other cases, the

The|normal load conditions shall be as defined in the product specificatig

3 Operating conditions of the EUT

B.1 Normal load conditions

B.2 The time of operation

operating time, in

2.3.8.3 Running-in time

No Bpecific running-in time, prior to tes{ i EUT shall be operated fpr a
sufflcient period to ensure that the modes and tions of operation are typical of those
duripg the life of the equipment. For sq est conditions may be prescribed in
the

2.3.8.4 Supply

The|EUT shall ) m e g¥ing the rated voltage of the EUT. If the level of
distyirbance varie ith upply voltage, the measurements shall be repepted
for 4 ‘ than
one

2.3.8.

The e at
the

2.3.4 Interpretation’of measuring results

2.3.44- Continuous disturbance

a) If the level of disturbance is not steady, the reading on the measuring receiver is observed

b)

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).

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,

Med
freq

2.3.4.3 Measurement of the duration of disturbances

The
is c
freq
con

1.2 Di £ listurt

encies. For further details, see CISPR 14-1.

EUT is connected to the relevant artificial mains network. Ika measSufing sSe avai e, it
bnnected to the network and a cathode-ray oscilloscope™Ns 6 S & iate
Lency (i.f.) output of the measuring set. If a receiver e is

vbe started byl the

distlirbances to be tested; the time base is set to a Yalug ' 0 ms/div for EUT |with
instfntaneous switching and 10 ms/div — 200 ms d|v f » - The duration of| the
distlirbance can either be recorded direstly by a or digital oscilloscope or
by photograph or hard copy recording ©f the s¢

2.3.

Both for manual measurg a o or iautomated measurements, measure-
ment times and scan rates\of asurm 2 d scanni sure
the |maximum emissi i here the
medsurement times ai into
account. More detaile und
in 4/1.
2.3.5.1 Minimu
Clayse B.7 of thezpresent-sta i ini i stest
— practica i 3 . i i ini imeg for
megsure
e 1 — Minimum scan times for the three CISPR bands
with peak and quasi-peak detectors
Frequency band sncnaanlltfileenZ;si::r ﬂuffia::ianljerlz}ntof:nn
A 9 kHz — 150 kHz 141s 2820 s = 47 min
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 19400 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.
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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 single sweep: the measurement time at each frequency must be larger than| the
intervals between pulses for intermittent signals;
2) [for multiple sweeps with maximum hold: the observation time at ea d be
sufficient for intercepting intermittent signals.
The| frequency scan rate is limited by the instrument’s resolyt e vjdeo
bangwidth setting. If the scan rate is chosen too fast for the giwen ins , errongous
megdsurement results will be obtained. Therefore, a sufficig > b be
chosen for the selected frequency span. i i N gpted by either a
single sweep with sufficient observation time at each g witiple sweeps [with
maximum hold. Usually for an overview over unkrowp~emis§ions e latter will be highly
effidient: as long as the spectrum display changs , still be’intermittent signals to
discpver. i ( \ the periodicity at which
interfering signals occur. In some cas§es, [ ave to be varied in order to
avoid synchronization effects.
WhIn determining the minimum sweep ti a sments with a spectrum analyzer or
scamning EMI receiver, ba etting and using peak detection,|two
diffdrent cases have to bg i ) i bandwidth is selected to be wider than
the [resolution bandwi A < i can be used to calculate the minimum
swegp time:
(1)

whefe
Ts min
Af
Bres
k gtant

S ilters.

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

foIIowmg 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 tlme

s min

the measurement results, etc.).

2.3.5.3 Scan times for stepping receivers

and the retrace time (time needed to retune the local oscillator and to store

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 re

use
unce
timg T,

whe|

In a

synthesizer to switch to the next frequency ang

resu
mesg
dets

For
obje

2.3.p.

For
of th
the
narr

Figd

measyre the signal pe e«. for an impulsive signal the measurement (dwell) time sh

olution bandw
easurer

Ts min = Tm min XAﬂ( res

re T'

m min = Minimum measurement (dwell) time at each™

ddition to the measurement time, some time h
irwa e to Store the measurer
It, which |n most measurlng y done so that the sele

entresult. Furthermore, the sele

e EUT spe
fype of measuri Ve o Characteristics of the disturbance, which may cor
pwband and k ponents, two general approaches are proposed:

be lofige RS iprocal of the repetition frequency of the signal.

should<be'maximized to increase the probability of signal interception.

each presca@ ility of intercepting all critical spectral compongnts
ct g ing on

idth
hent
pcan

3)

the
hent
cted
cted

the

tain

y to
ould

iftent

time

res, 4, 2 and 3 show examples of the relationship between various time-varying emi

spe¢

of the flgure shows the p03|t|on of the receiver bandW|dth as it elther sweeps or steps through
the spectrum.
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Repetitive sweeps with maximum hold

Sp
dis|

Tp

q

\

ctrum
lay ‘

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

IEC 183

ach vertical line of the spectrun

‘NB”) and an impulsive signal (“B
maximum hold

/03

)

If the type of emission|is |p|e weeps with the shortest possible sweep time|and
peak detection al m envelope. A short single sweep is sufficiept to
medsure the co s content of the EUT spectrum. For contindious
brogdband and intérmitte ignals, multiple sweeps at various scan rates usipg a
“makimum hold” S gssary to determine the spectrum envelope. For|low
repqtiti eps will be necessary to fill up the spectrum enveloge of
the

The asurexment time requires a timing analysis of the signals to be measyred.
This h a measuring receiver which provides a graphlcal signal display,
use n moge or using an oscilloscope connected to the receiver’s IF or video oytput

as g.
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90
dBuV
80

70

60

50 l

40

=L

20 yU U \

10 0 2 4 6 8 10

¢ Mkr: 1 ms 66,1 dBpV
Disturbance from a DC collector motor: due to the number of colle cy is

high [(approx. 800 Hz) and the pulse amplitude varies strongly. nded
meagurement (dwell) time with the peak detector is > 10 ms.

Thid way pulse durations and pulse repetiti
dwell times selected accordingly:

S or

— for continuous unmodulated na e for
he selected instrumeri settings ma

— for pure continuo and_di : ding
quipment, and collec ion)
or sampling type
f disturbanc e 3).
he step size ha ope
re missed. i ield
he spectr

— for interini hort
weepsN [ ly be
sed imipgh\a bper
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A
f Stepped scan for spectrum sampling
e e ,4,7
Pure
BB B i it bl it M [t Attt Bl et i M Iy I
- T -7 it Bttt Bttt et el B 7777771 [I—
- -k - -1 - - 4 - - - - |- - - - — L -4 4,73:
R e T ! § :
-1t -——1 - -1 :
: w : :
N O L > T, | €| T, a-
IF Bandw.
Spectrum
display

Ly

hich

Y/
:IF Bandw.

v

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

>

nf
IEC 1836/03

Spectrum
display

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 disturbanices,
I:ther as a voltage (prevailing method for CISPR measurements) oy acurrent. Both
ethods can be used to measure the three types of conducted distugia ¥

+ common mode (also called asymmetrical mode);
1+ differential mode (also called symmetrical mode);

1+ unsymmetrical mode;

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

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

b) the measuring equipment: the type of measuring equip en in relation to| the
disturbance properties to be determined (see 2.4

c) the associated equipment: the type ie i , i.e.y artificial networks, cufrent
brobes or voltage probes, is chd in 9 itH the” type of disturbance t¢ be

measured in accordance with 2.4.1\a). [ 3 iated equipment presenty RF
loading to the measured signals andAir

d) RF load conditions of the disturbange sburg € reasuring set-up will present certain RF
load impedances to ih the EUT. These impedances| are
standardized in type tests O i ¢ conditions at the place of installatign in
fhe case of in situ te 4

e) the test configuatia : zed test configuration shall specify the refergnce
ground, the n of th Rand assdciated measuring equipment with respect to|that

d ctions to\thad reference ground and interconnections of the EUT

eference grour

2.4.2 Measufi Suif eceivers, etc.)

In gen iS¢incti is drawn between continuous and discontinuous disturbanices.
ConsEinuo ToRdige ncy disturbances are predominantly measured in terms of frequéncy
domlain parameters. \DisContinuous disturbances are also measured in terms of frequency
donfain parameters but may need additional time domain measurements.

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;

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

b) current measuring sensors, such as current probes.
2.4.3.1 Artificial networks (AN)
The[common mode, differential and unsymmetrical mode impedances of actual networks; $uch
as ¢f power mains and telephones, are location dependent and ying.
Thefefore, type testing of disturbance requires standardized impedangeg rks,
refefred to as artificial networks (AN). The AN provides standardized s to
the EUT. For this purpose, the AN is inserted in series with the ten the
actdyal network or signal simulator. In this way the AN simulates ¢ ines)
with|defined impedances.
2.4.8.1.1 Types of artificial networks
The| ANs specified in CISPR 16-1 shall be used, unI i sons call for andther
construction. In general three types of AN can be di ig
a) the V-type AN: in a defined frequenicyNange t impedanges between each of the EUT
erminals to be measured and the\reference ground i , 5 No
impedance component is connecteddire eSe terminals. The construgtion
efines (indirectly) both the differeritial and ce ode voltage measured. In pringiple,
here is no limit for the number of Wna i.e. for the number of lines tq be
easured by V-type ;
b) the Delta-type AN: i vrange¢ the RF impedance between a pair of EUT
Lerminals to be m gd_a be a
efined valu ode
RF load imped
A\ddition of a balance > etric
and asymmetRic dis v
c) the T-typé AN<Jn i N a
bair o ! i alue.
n genera X uch.
he defined Wiffexentig'impedance must then be provided by the external circuit connefted
o the supp terminals of the T-type AN. This type of AN is used to measure common
ode disturbanseAoltages only
24842 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 impedance
as defined in CISPR 16-1;

e) the AN shall provide a defined connecting point to which the reference ground can be
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:

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

1+ damage of the components forming the defined RF impedanses b
voltages of the network, such as the mains voltage,

1+ damage of the components forming the defined RF j
produced by the EUT, such as switching transients,

the input stage of the measuring equipment;

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

2.4.8.2 Voltage probes

For standardized voltage probes, see

red
ntrol
mon
Al to

Disturbance voltages on
with| a voltage probe.
lineg, signal lines and load lines. In(ge

mode disturbance voltage. e\proby
be measured an@

een
d.

line
The voltage probé shall provide a defined 50 Q connection (connector) to which| the

btandardized measuring receiver can be connected, in order to make a defined disturbance
||neasurement.

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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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.

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

3.3 Current probes

rent probes or current transformers allow the measurement of all three types of disturbance

current (see 2.4.7T) on mains Teads, signal Tines, Toad Tines efc. A clip-on construction of the

prolje will facilitate its use.

The[common mode current on leads is measured when the current grobe (i ipp und

thoge leads, regardless of the number of wires. In this situation, th al ™ ents

on the leads will induce signals with equal magnitude but opposjte si » ighals

cangel to a high degree. The latter effect allows the measure 3 q rent

with| a small amplitude in the presence of differential mode arge

amglitude.

For plready defined (and standardized) current probeg

2.4.3.3.1 Minimum requirements

a) In a defined frequency range the c nce,
hat is, a defined ratio of the RF voliage indv i e probe and the known RF current on

single wire running through the prpbe, 3 i a specified way.

b) In a defined frequency the
EUT, shall be less

c) The current probe sha 5 0N
the measurin{}su

d) The current prebe and
standardized) m@ test

24.

24.

For
the

configuration ¢o b be

The current probey i tion
effec i
[he cu
Equipment test configuration
-, Disposition of equipment under test and its connection to the artificial network
measurement of the disturbance voltage the equipment under test (EUT) is connected to
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

5
— |
| M 80 cm tq
ground plane

2 >
AMN AMN AMN
No. 1 No. 2 No. 3
EUT Associated |Protective /' N

equipment |earth
ground

C nd@s grotundplane extends at
least nd EUT system footprint

IEC 1837403

1 Inpterconnecting cables that hang closer thap 40 gn lane shall be folded back and forth fofming
albundle 30 cm to 40 cm long,.hanging apprg@xima i between the ground plane and the tablg

2 /O cables that are connected i ) e dbed in the centre. The end of the cable mgy be
t¢rminated if required using inating e total length shall not exceed 1 m.

3 HUT is connected to A 1 of AMNs must be terminated with 50 Q. AMN5§ are
placed directly on horizgntalN\grounsd from vertical ground plane.
3|1 All associaigd ® £
3|2 Protective earthyground wire aw) from associated equipment are connected to AMN No 3.

4 (ables of hand-operafed devices,«sueh as keyboards, mouses, etc. shall be placed as close as possible tpo the
hpst.

5 Non-EUT compon

6 Rear of EUT shall all be aligned and flush with rear of table top.

7 Rear of tablg top sha oved from a vertical conducting plane that is bonded to the floor gfound
plane

configuration: table-top equipment for conducted disturbance
easurements 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 tab‘e is
coniigured as TolIOWS?

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

place the EUT on a table of non-conducting material which is at least 80 cm high. Place
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 that the
bottom of the EUT is 40 cm above the groundplane;

other conductive surfaces of the EUT shall be at least 80 cm from the reference

groundplane;
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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

NOTE The “low” radio-frequency impedance value should preferably be leg R/ is| can,
for example, be achieved if the housing of the artificial network is mounted difectly te_the rfer he or
its cqnnection strap has a length-to-width ratio not more than 3:1.

The|EUT is located so that the distance between the bou e of

the artificial network is 80 cm.

The|power mains leads to an artificial etwork and t ing k to
the measuring receiver must be arrang J i i i the
megsurement results. EUTs, which s i i [ [ .| are

connected to the artificial network with a yeCifi i ipment
doclimentation.

If the EUT is to be conn
runrjing parallel to the EU
10 d i
attached to the
and|forth in the §
40 dm in length, a

ead
same length at a distance of not more than

ined in the mains lead itself. If a fixed lead is
if in excess of 1 m, part of the lead is folded Ipack
ds possible so as to form a bundle not exceeding
of a non-inductive serpentine in such a way thaf the

tota 1 m (see also Figure 9). However, when the bundled
lead ent results, a shortening of the length to 1m is
recq

24.4.2 s < e measurement of unsymmetric disturbance voltages

2.4.4.2.1 Disposition’of equipment with ground connection
For |equipment under test which is required to be grounded during its operation, or| the
cong@luctive housing of which can come into contact with ground, the unsymmetric radio
intefference—voltageof the—individvat-mains—tead+ts measured—withreference—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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>80 cm

IEC | 1838/03

(see 2.4.4.1)
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EUT
H
H
—_—
Ll
. A\ AN
2
1=
8
& )
AMN g AMN ¢
Bonded te_horizgnt dplane

IEC 1839/03

Excess sKall be Bundledrin the centre or shortened to appropriate length.
The EUT and 2SS

1
2
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I
\ |
| }
\ |
| |
\ I
\ |
Rear of EUT to flush EUT
! with rear of table top =Z |
| . |
\ |
\ 1) e I
| L JJ ] |
| \// {1 ) '
| ) * | +
\ | ‘
\ — l
| U NY hN
| -.\_/ 5 ¥
| 3 ]
} 88 c |
| |
\ |
|
| AMN AM?\< |
| P - /T* |
‘ 7 40 cm to vertical nded to groundplane | -
} g Bonded to groundplane groundplane :
L L7
IEC| 1840/03
1 The interconnecting cables which hang closeg plane shall be folded back and|forth
fgrming a bundle 30 cm — 40 cm long, hafging approxim the middle between the ground plang and
the table.
2 Hxcess power cords shall bebuhdled
The EUT is connected tq ély be connected to the vertical reference plang. All
other equipment is pow
4 The EUT and the ¢a
The 1/0 cable to 6 the ground plane and the excess is bundled. Cablep not
r¢aching the grount’pla
Figy
see 2.4.4.1 and 2.4.5.2.2)
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| AN ‘ | AN AN AN
-l ——— e l—— e See note 2
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} } CIsP
| | w receiver
| 50 Q | 50 Q 200
} loads L loads oads W
80 dm s
See hqte
30 cm to 40 cm
B G Interf ble(s)
nterface cable(s
\}/\\\/> to interconnected
units - see note 6
uipment
nder test
IEC 1841/03
1 The length of the Q cm shall be folded into a serpentine-like bundle anfl not
cpiled.
2 (onnection of the provide a low impedance path at high frequencies. It shall be
made using a solid §|& has a length-to-width ratio of not more than 5 to 1.
3 The CISPR mea grounded to the reference ground plane via the outer conductor of
the coaxial cahle.
4 Dotted lines\represe
5 (ption
6 Ipterconnected wRits ttached to a single AN via a power junction strip or box.
7 A table mountedlor handheld EUT must be 40 cm from any grounded conducting surface of at least 2 m square

Q

nistrumentation.

hd at least_80 cm_fpdm any other conductive objects, including devices that are part of the syste

Figure 9 — Schematic of conducted disturbance voltage test configuration
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IEC 1843/03

“V*power mains network
Decoupling circuit (filter)
Metallic wall

Power input

Reference earth connection

Power cord connection (100 cm)

EUT plug to mains network

Stray capacitance within EUT to metallic parts
Stray capacitance of EUT to metallic wall (earth)

Coupling capacitors within mains network

Inductor (choke) for safety ground wire

Conductive structural parts of the EUT

Inductance of connecting wires

Fictitious mid-point of the internal common mode voltages
Simulation resistances (50 Q or 150 Q)

Symmetric internal resistance of EUT

Common mode resistance of the EUT

Internal common mode voltage of the EUT

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.

Except ray-be—trade tathg-or-weH-sereened w ve—+6 ded
according to speC|aI reqwrements or mstructlons (see A 2.1 and A4, 1)

2.4.4.2.2 Disposition of equipment without ground connection

Devjces without ground connection comprise electrical devices \witR ¥ Ve sulation
(protection Class Il) and devices which can be operated withgdtng ) ety e ctor
(deVice of protection Class Ill) and also pluggable protection Chq .\ S ' i an
isolating transformer. For these devices, the unsymm i voltage of| the
indiyidual conductors must be measured with respect to e ground of| the
megdsurement arrangement as shown in the equivalen{ i

Singe in the long and medium wave bands (0 15 MK nent
can|be considerably influenced by the ' the
refefence ground, and since it is dete nust
be exactly followed and other externalN\ for
example, should be avoided.

2.4.4.2.3 Disposition of Ha

Megdsurements shall firs iy iti shall
ther] be made using the artifici S

The| general prinil n in
Figyre 13. Terminghh etal
work and to meta the

EUT. Metalwork which. i s i ; i i vork
and|shall be 4i 3

The| artifisial ha nsist of metal foil wrapped around the case, or part thereof], as
spet¢ified below. il'shall be connected to one terminal (terminal M) of an RC element [(see
Figure 12) cansisting ofa capacitor of 220 pF * 20 % in series with a resistor of 510 Q * 10 %]| the
othgr terminal of the’RC element shall be connected to the reference earth of the measyring
systemx

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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Figure 11a — Schematic for power and ircui

IEC 1845/03

NOTE

voltage for Class Il (grounded) EUT (see 2.4.4.2.2)
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M1

—T—zzo pF +20 %
i 510 Q + 10 %

(d

IEC 1846/03

Metal foil wrapped around case in fron
of iron core of motor stator or gearbg

IEC 1
Figure|[12 — RC element for artificial th artificial
hand (see 2.4.4.2.3)

c) \hen the case of the EUT is partl a ing“material, and has insuls
andles, metal foil shall be wrapped>s andles B and D (Figure 13). If the cas
on-metallic at the location of the me netal fol 60 mm wide shall be wrapped arg

the mwtor stator is located, or alternat
round the gearbox, if this is of ins md a higher emission level is obtai
he metal part of the body tap foil round the handles B and D and
etal foil on the bqdy ogether and to the terminal M of the

lement;

d) when the EUT has
bxample an eleetri

etal foil shall be wrapped around the handlg
he metal body C shall be connected together an

Metal body Metal foil wrapped round handle

|

Insulated handle

47/03

ting
eis
und
vely
nhed.
the
RC

| for
bs A
d to

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 suppression device apd] the
artif|cial network for measurement of the disturbance voltage. The line between the device|and
the emission suppression device must be placed in the direct proximity of the test\object.

2.4.4.2.6

NOTE 1
of 2.4.4.4.1 shall apply.

isions

NOTE 2 When the auxiliary apparatus is not essential to the gpeTat P 2 test
procg¢dure specified elsewhere, this subclause does not apply. Thé main

NOTE 3 The ultimate decision whether to measure and apply [imit§ i i bduct
publigation.

Conpnecting leads exceeding 1 m in leng

Megsurements are not required when : fliary
apparatus is permanently £ i ded,
proVided that in the latte etal
housing of the EUT and and
sockets are considered t are

reqyired.
The|equipment un;

the following additi6

, lwith

a) fhe auxiligrynapparatas all be placed at the same height as and at the same distance
rom the ground surface and if the lead is long enough, it is to be treatgd in
ccopdance, wi 4.4.1. the auxiliary lead is shorter than 0,8 m, its length shall be
aintained)\ a8 he auxiliary apparatus shall be placed as far away as possible from| the
ain appagatus.\When the auxiliary apparatus is a control, the arrangements fof its
perationm notaffect the level of disturbance;

b) if an EUT having an auxiliary apparatus is grounded, no artificial hand shall be connectgd. If
he/EUT itself is made to be held in the hand, the artificial hand shall be connected td the
UP 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

inpu

t 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

path
mod

s needed for the proper functioning of the EUT as long as the requirements on differe
e and common mode impedances of CISPR 16-1 are complied with.

common mode disturbance voltage at the same frequency a

mode signal

When the EUT is to be measured on its power supply - \ i artificial m
network all voltage measurements shall be carri v fworks conne
simiiltaneously. The provisions prescribed in 2.4.4.1 2 A are observed.

NOTE The frequency range of the delta-network can be using the same network impeda
decoppling of the connected signal line and coupling to the™ designed accordingly

24.4.3.2 Measurements using the

Alte
CIS
freq

In @
term

rnatively a common mode artificial ne ) -type network according to 5.1
PR 16-1, can be used me of co mon mode disturbance voltages in

ontrast to th ; ;
ination with Qn i dapnces of 150 Q, the T-network provides only a com
e termination of

pe network a signal simulator, load circuits for d.c. or
e EUT or other circuits needed for the operat|on of the

resistancexWhen\no external circuit is specified for the operation of the EUT a resist

vs an-example of a T-type network.

Q shall\be’ conngeted as differential mode RF termination to the T-type network. Figurg

ntial

ntial

ing a

ntial

ains
cted

ce if

0 of
the

ode
mon
ode

the
FUT

RF
vide
br of
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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

the
ains
the
3 Lired
with|a voltage.probe with a high input impedance (1500 Q or more) to ensure that the lineq are
not loaded.by the probe.

For these cases—however—the primary power input wires must be isolated and RFE 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

50 Q/50 pH Load terminals

[ —

/

Load

T
! .
Mains voltage ~ |"SOlating | Regulating
unit i control 4
| - P
: _J_

Swit

C

@ To remote component

Measuring receiver

Ch positions:
For mains measurements

i ‘
= ﬁ Probe
=000

1‘> 24\— _[)T R <1500

IEC 1

Q

850/03

2 For load measurements
3and 4 Successive connections during load measurements
NOTE
NOTE
NOTE 3 When the switch is in position 2 al maips V-network at terminal 1 shgll be
terminated by an impedance equivalent to that of the
NOTE 4 Where a two-terminal regulating control is insertedin“@ne Iead only of the supply, measurements shall be
madg {
Load terminals
Regulating control PY °
p L J
Mains_termigals Load
To remote component
JEC 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 Ipaded-

In the case of disturbance voltage measurements on separate individugl power sourceg for
currents of more than 25 A (e.g. battery, generator, convertor), an impedapce measurement
mu i with
CIs
The 0Q
sho bncy
and i [ SN ing as refergnce
grod . 1 the
prof ned
con e of
the
2.4.4.4.3 Artificial mains network as vo
Whgre the current rating of an EUT exceeé i , h be
use s of
the E
Prior to connecting_ an i ocal
physical earth P@
ains
as
the
pver
In the freq S , [ dto
the |[mains viaXan i [ .8, [ i . {The
indyctance_may be bncy
rande 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.
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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
distyrbance currenttomponents s measured. if, T thistase, any extremety hight {above 200 A)
opefating current exists, there is a risk of false data because the magnetic cqre of the~cufrent
prohe may saturate.

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

The| general objective of defining a system test config or-’conducted emission
megsurements has the following key points:

|
®
=
2.
=)
«Q
Y
o
)
>
—h
«Q
c
=
Q
=
®]
S
=
=
(¢)
>
&
D
Q0
23
<
Q
c
=2
5

— duplicating requirements in 2.4.1 (to ¢ tent
bossible.

Whenever possible, the disturbgnce voltageyon a $ AN.

Forlcurrents up to 50 A L i sily. The AN shall be installed within 80 cm

of the system equjpment béin S shall

be rputed throug@A p nent

terminal.

The the
marjufacturer's~N

For [so surements\relevant product publications may state a specific load to be ysed
toggther Wi S for
conglucted me not
available. In<his th a
voItJage 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 flpor-standing and table-top systems. The remamder of this clause prowdes instructions
for the testing of each of these systems. In addition, the specific requireme in 2.4 1(to2.4.4
shall be observed.

Equjpment in a system, normally being floor-standing, shall be placé \aceqQrdance
with| 2.4.4.1. Equipment designed for both table-top and floor op , ed only in
the jable-top configuration.

2.4.5.2.1 Operating conditions

The|system shall be operated at the rated (nomlnal and typical load condi-

tiong — mechanical or electrical, or both — for wh dads may be actual or

sim i : ) some systems, it maly be

nec icit i the“test conditions, operatipns,

etc.

If th i e following operating conditions dpply

unle j

a)

b) i img at raster extinction if raster extinction occufs at
less than ma

c) for colour monit6rs s \white 3 f a black background to represent all colours;

d) egative video if both are available

e) i of characters per line so that the maximum numbegr of

f) for a i yat‘has o graphics capabilities, regardless of the video card used, a pattern

g) for a monifercwith\graphics capabilities, even though another video card may be needgd to
ccomphish’ a graphic display, a pattern consisting of a line of scrolling Hs should be
isplayed;

h) if @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 shielded or special cables are used during the tests to achieve compliance, then a staterment

mugt be included in the test report and in the instruction manual advisin use

thoge types of cables.

Inte nctipnal

inte tual

usa 3 ting

cables shall be added to the system to determine the effec 8 C3 ve on emissfions

from the system.

Norr

a) av

b)

The(rationale for the selection of the cqnfi A the

test|report; that is 25 % of possible ase

by more than 2 dB when gne nits,

inteffacing units or si - 3 num

reqyired system, need

2.4.5.2.3 Mains ¢

If th t of

con

a) D83,

b) iaa

c) powercords or field wiring terminals which are specified by the manufacturer tq be
onhected to a host unit or other power-supplying equipment shall be connected to [that
0S8t unit or other power-supplying equipment, and the terminals or cords of that host ur]it 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.

DUr Is thc IIICGOUICIIICIIt, thc I"\\I’“JIO Ul thc IIIO;IIO :Cad ICIIIG;II ;II p:auc tU pIUV;dU [=} dcfned
maips isolation and a defined RF termination. The auxiliary apparatus_(control, loaq) is
confected to allow measurements to be made under all provided opera ifi and
duripg interactions between the equipments. Measurements are fied
ternminals of each equipment.

If the connecting lines between equipments are permanently fixe ther
shorter than 2 m or shielded, no measurements are necessary, i i e ase

the phielded cable is connected at both ends to the referep€e™groun i g of
the pquipments. Non-shielded connecting lines with plug G b be
extgndable to a length of more than 2 m and therefopé and

mugt be tested. Shielded cables must be at least 2 ifies

shorter cables.

2.4.5.4 Decoupling of system componen

Ong of the sources of inaccurate cpnducted ments in a system is any grgund
circlilating current. This ground current m e-ihie ed by installing a 50 pH AN in| the
frequency range 0,15 MH - 174 the g d safety conductor to the EUT.

An
betw
50 |

be the shields of interconnecting caples
gnductor to these units shall also be isolated py a

The
prey
with

ferenced to ground only at the measurement point to
hazard may exist if the measuring set is not supplied

24.

Testi ed at the end user's or manufacturer's premises, if the system cahnot
be get up onutest™site. In this case, both the system and its location are considered as the
system  tested. The emission results are unique to the installation site because |site
confainment properties affect the measurement. However, where testing of a given system|has
beeh accomplished at three or more representative locations, the results may be considgred
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

refn ance-around-as thasae mav carrvy aviranaous distuirbance voliaaes-and can - hava ||nrlaf'ned
€ FeReo-grodha—as—1t8s8-ha o y—8 Xt 8us—aisttoa e Yo ragos—ahia—caHi—raY t

oot

RF impedances.

If nq suitable reference ground is available in the surroundings of the tes

wirel meshes set up in the proximity can be used as reference ground

The|general requirements of 2.4.4.2.1 and of Annex A should

2.4.6.2 Measurement with voltage probes

Testing of conducted disturbance voltage is made
mugt be taken to establish a reference ground fo

. Special precaufions

Any| voltage decrease caused by loading of the i easured can be determjned
qualitatively by varying the voltage pro i e . If the input impedance of| the
voltage probe is high compared to the i e of the test point or of the telsted

network, then only slight dif 9 hen
the probe input impedancg isN 2d. i d by
serig¢s connection of a { 500 S| . \ ted)
5 dB or 6 dB, then the |l & '

2.4.6.3 Selectic@

Radjo disturbance the

boupdaries of th ser S i
the |nfluence drea of re ing

2.4.6.3.

In ppwer supp with

the yoltage proberat agcessible power outlets near the power entrance to the building.

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.

The y be
takgn eris
nea1 the
positi

Equ such
leads, bing
clamp measurements can also be used on these leads for diagno e P

Rad th a
suitable absorbing clamp Such measurements Z e\for diagnostics. Howevgr, it
sho

Hist

2.5.

Wh cm
higri iqn in
position of the ab shall
be 4t least a ha@ the
absorbing clamp ' and
with| the second (fil{& are
not

The around the lead to be measured as shown in Figure 17.(The
position @ sQff along the lead shall be varied from zero to one half-wavelength
distance i e T ab each test frequency. The maximum indication obtained on| the
megsureme civer cehnected to the absorbing clamp is proportional to the disturbance
power available:

Whegn measurements are made on an EUT having more than one lead attached, detach@able
leads“shall be removed if operationally possible, at the time when another lead is measyred.
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 @

(ferrite rings)

Absorbing
clamp Radio-noise meter

EUT

HARRRRREARREEN ; HERRRRRRAAREEE
A/ | Absorbing clamp
moved over power

cord-to-cbtain-ma.

Current Absorber reading on receiver
transformer (ferrite rings)

Specimen interference Absorbing
source

IEC 1852/03

h of
}nce
nce
and

2.6

2.6.1

This i jeneral procedures for the measurement of the field streng
radip distarbance produced by devices and systems. Experience with radiated disturb
medsuréments s 185§ _extensive than that of voltage measurements. The radiated disturb
megsuremen are therefore open to revision and extension as knowledge
experience areYaccumulated. In particular, attention shall be given to the effect of leads|and
cables assogiated with the EUT.

For

some products, it may be required to measure the electric, the magnetic, or

pboth

con

4 £t [ R B T L Q 4 4 £ Py [y
PUTITTILS UT UIT TaUTdTU UlstuTualite. SUTTTCLUITICS a TITTSAdSUTTITITTIU UT a QudlTllity TTIat

d 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

Figyre 18 shows the concept of measurements made on an open area {e$ ithythe djrect
and|ground reflected rays arriving at the receiving antenna.

Receivi

Direct ray

Measuring
receiver

EUT

Supporting Reflected ray

table

s

IEC 1853/03

ept of\electriefi trength measurements made on an open area test
dixectland reflective rays arriving at the receiving antenna

(see 2.6.2.2)
The|EUT js s& » fied height above the ground plane and configured to repregsent
norrpal i ditions. The antenna is positioned at the specified separation distance.
The|EUT i » orizontal plane and the maximum reading noted. The height of the

antgnna is adjuisted sq that the direct and reflected rays approach or meet in-phase addifion.
The|procedural step ay be interchanged and may need to be repeated to find the maximum
distTrbance. For practical reasons the height variation is restricted and hence perfect in-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) ;Lz 2D?/\, where D is the largest dimension of either the EUT or the antenna,deter-
ining the minimum aperture for the illumination of the EUT, which—applies 10 cases,
vhere D >> A.

2.6.2.4 Antenna height variation

For lelectric field-strength measurements the antenna height aRove ths gne shall be
varied within a specified range to obtain the maximum readir ur Wwen the djrect
and|reflected rays are in phase. As a general rule, for ‘mmeast nces up to|and
incldding 10 m, the antenna height for electric field s gtf suremets shall be vgried

between 1 m and 4 m. At greater distances of up to sty the\height shall be v3ried
between 2 m and 6 m. It may be necessary to 'us imum.antenna height above
groynd down to 1 m in order to maximi a height scans apply for poth
horigontal and vertical polarization, arization, the minimum height
shall be increased so that the lowest pajnt of the antennacclearg the site ground surface hy at
least 25 cm. For magnetic field strengt gsing the single magnetic Joop
antgnna, the height of the receiving an i at a specified elevation (typically|1 m
from ground to the bottom qf the loop a a e loop7antenna and EUT shall be rotatgd in

2.6..5 Product spec
In afdition to r@,
be measured, the pfoc

2.6.2.5.1 Test envir

rément method and the disturbance parametefs to
include other relevant details as outlined below.

Thelinfluenc e i rnent shall be considered so as to ensure correct functionirjg of
the EUT in the physical environment shall be specified, e.g. tempergture
and|humidi

The|electromagnetic gnvironment needs special consideration to ensure accurate disturbance
medsurements. The ambient radio noise and signal levels measured at the test site with the
EUT| de-energized should be at least 6 dB below the limit. It is recognized that this is| not
alwgysorealizable 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
atbhin tha ctoanAard hoanAdaadth o o~ Ar 1o friten o t handuandth v, bha o nfil

vt oot raara uunuvvnuun, a-RafFower R StFtHReRtDahRewWHeath oy oT HSetH-

2.6..5.2 Configuration of equipment under test

input
s of

The|operating conditions of the EUT shall be specified, e.g., the
signfals, the modes of operation, the arrangement of components,
intefconnecting cables, etc.

The| testing of individual and multi-component syste two

condlitions:

a) fhe system is configured for use in a typical manrier.
The|term “system” refers to the EUT in*¢combjna i ponents that are connected to

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

withjn the guidel@j paragraphs.

term “typical” i

The e arrangement of how the EUT will actually be used.

ration are outlined below.

For i Si rt of a multi-unit system, the EUT shall be installed in a typical
syst igurey grdance with the manufacturer's instructions. It shall als¢ be
ope g er'that\is representative of the typical usage for that EUT. During all tgsts,
the _ ponents shall be manipulated within the confines of typical ugage

to

Intefface‘cables shall be connected to each interface port on the EUT. The effect of varying the
position “of each cable shall be |nvest|gated to flnd the conflguratlon that maximizes ¢ach

manlpulat|ons may be I|m|ted if a few such cable conﬂguratlons WI|| 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 retating
platform is useful in this situation.

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

of iptended use. If the EUT is operated without a ground con i i S s, tepted
ungfounded. When the EUT is furnished with a grounding termine ' ead
whigh is to be connected in actual installation conditions, the shall
be ¢onnected to a ground plane (or facility for earth groun tion
condlitions. Any internally grounded lead included in the d of
the EUT shall be connected to ground through the mainspowe

2.6.p.6 Measurement instrumentation

The| measurement instrumentation, releyant
reqirements in CISPR 16-1.

2.6.2.7 Field-strength measurements on

Outidoor test sites simila may
have to be prescribed otor

vehicles. The provisio )i i . 3 2°6-276 are valid. Equally, the general provisjions
giveln in 5.6 of CISRR

2.6.2.8 Measurem

(Un

2.6.p.
2.6.p.9.

Under consideration.

2.6.2.922 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)

wherp
f = frequency, (MHz)
R = the required separation distance from the source to the reference point on thg”a
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).
Crd | = phase centre correction factor; expressed in dB
AFggl = antenna factor (free space) for E-field at the phase centre; exp

x- .
]
1
1
1
]
]
]
]
1 |‘
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- vl W iFerite -mm€en-
] | 4
] |J
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H v, A A W W
1 [ — L S N S Y
H \ wf \ \ \ \ \ \

(¥ v [y (¥ [ [ (W V! \
v s L 4 Ky o L [ K
IEC [854/03
A| = turptable and EUT-support a, b, cand e 2 0,5 m recommended (= 1 m is more
2k £41,5m; 2,5 m; 5 m, i.e. corresponds to test cqnvement), the_actu_al value will be consistent
distance used (3m_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.

Anclllary equipment, which is required to exercise the EUT but does not fp axt of\the HEUT,

shall be located outside the screened room.
Thelentire EUT shall fit in the test volume.

To improve the measurement repeatability, the following guidelines sha y unt:
The| EUT (including the cables laid out according to 2.6.2°9 2. 3 t its

cenfre is at the same height as the centre of the test of a
suitable height may be used to achieve this.

Wh ume
(Fig test
(Fig

Figd

1) In preparation.
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A| = turntable and EUT-support
2= 15m;2,5m,5m
dl = 3m;5mor10 m (for3m, 5m, or 10
1 The antenna cable layout shall be th
2

Ferrite clamps are to be used in accord
Their possible use (if required) must be d
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1856/03

A=
Pallet of 12 cm (10 cm to 14 cm
(see 8.1.2 of CISPR 22:1997)
1) The antenna cable layout shall b

2)  The cable layout depends on the
of the housing

Theli i ific e floor standlng eqmpment require the unit to be installed
and for

Res to a FAR limit of floor standing equipment that is intendgd to
be i S to a conductive floor may be lower if tested on a ground plane
that|better si s the final installation environment. This may apply especially for emissjions
at fi Hz, in horizontal polarisation, and at emission source heights (in
the to a height of 0,4 m or less above ground in a typical installation.|[The
reader is<-advised™“that prior to a determination of non-compliance based on FAR
medsurements, additional investigation in a ground plane test environment (i.e. an Open fArea
Test Site or Semi Anechoic chamber) is recommended to better simulate the equipmefnt's

H hadad ot = H H
Inte LA A>A"] |||ota||auu|| \.IUIIUILIUII

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:

— ¢oaxial (shielded) cables with coaxial terminator with correct impedance (50 Q or 75.Q)

— shielded cables with more than one inner wire must have common e _to referg¢nce
arth/ground) and differential-mode (line to line) termination ig e the
anufacturer's specifications;

— Wnshielded cables must have differential mode termination. as ode

ermination in accordance with the manufacturer's specifications.

If the EUT needs ancillary equipment in order to be operaf b be

takgn that no emission of that equipment can influenge ent.

Anclllary equipment shall be located outside the scrg ures

against RF-leakage into the FAR through the interco

The| test set-up including cable layo ons,

medsures taken to suppress the emissio ume

(forlinstance the use of ferrite clamps)

Due| to the different nat iate

consgiderably from this subglause

2.6..10 Measurem

(Undgler consideratign

2.6.

2.6.8.

The y to

meg

NOT bwer)

in dB th at

a 3 np distance is:

E(3m)/dB(uV/m) = ERP/dB(pW) + 7,4

For distances d other than 3 m:

E /dB(uV/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 Measurement procedure

2.6.3.4.1 Encompassing of the EUT by the measuring antenna

Radjated emissions measurements above 1 GHz are made using
antgnnas, which may have a smaller beam width (major patterp

3 dB beam width of the antenna (see 5.5.6 of CISPR 16-1y,
usedl so that, when large EUTs are tested, the area of ¢
Moving the measurement antenna over the surfacg
method of scanning of the EUT is required when th
megsuring antenna. When radiated measuremext

the measurement antenna does not g0x

emigsions were maximum at the limit dis

NOTE
cons|dered shall include one wav

2.6.3.4.2 General measuremen

For [any EUT, the frequensies RjsSi i imi islsion
maximization (s i h of
thege measurem
the final measuremexr QErf A i i imit di , nent
at the limit distance\sk irst, in i i i i e of

In perforpni S ents, the sensitivity of the measurement equipment relative to
ined before the test. If the overall measurement sensitivity is
plifiers, closer measurement distances or higher gain antennas [may
c gsurement distances or higher gain antennas are used, the beam width
verqus size ‘ef/the shall be taken into account. Also, measurement system overload lgvels

' ermrtowtevel
emissions are to be measured in the presence of a hlgh Ievel signal. A comblnatlon 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 roduct
r product family; in any case, 1 m to 4 m should be the maximum range for thischgight
earch) to maximize the suspected highest amplitude signal. If the signakor another|at a

| by
the

e) the

fion.
rved

f) b do

eing

g) APfter completing steps a) throud [ onfiguration and modg of
pperation (corresponding to the maxim i issi to use for the final radipted

emissions test.

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

be extremely time-consuming to § , are xeglested to check and adapt it to their spgcific

case| The following two elemen i

— tHe EUT shall be rotateq horizonta Moha e i i bduct
family the emission comg i i i i i-di i

— the height search of th T, or
ejen be suppr i bduct
of product family the/epnssi

2.6.5.4.

The|fi sing

the ght, EUT azimuth, etc.) producing the maximum emission, as

identified inary emission maximization (the receiving antenna being aligned
with igh).

Thid final measuremegnt shall be the result of a maximum hold on the spectrum analyzer dyring

a givenctime proportional to the frequency span used. This given time should be defined for

each product or product family, taking into account the duration of the operating modes and the

timeTonstantsassociatedwitheachspecific product to betested:

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

wiri

ng 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 - d - .
< N - Dipole A
»~
A N
Geometric centre
] \
2SS S S S /X«/ SR 7
EC 1857/0

a) Measurement

QLY
8

Dipole A
Substitution dipole B
Signal generN h< h Measuring apparatus
N4 1
//////S</// Ve 7 7 P77 777777777777

IEC 1858/03

N

b) Calibration

Two [ velength dipoles (see also 2.6.4.2) shall be placed parallel to each other,
at th i being not less than 1 m above the floor and spaced at the measurement
distﬂance d--Dipole B shall be connected to a signal generator and dipole A to the input of the

megdsuring receiver. The signal generator shall be tuned to give maximum indication on the
medsuring 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 FUT should be remgved
if operation is not affected adversely. Required leads shall be provided with absorbing fgrrite
ringg and be so positioned that they will not influence the measurements hielded )EUTs,
all gonnectors not used shall be terminated by shielded terminations.

2.6.4.4 Test procedure

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

tical
ing Y

norr
side].
shal

The ntre
the
preyi : ent antenna A, and be connectgd to
a signal generator. The radiated power fro 3 f the EUT is defined as the power at
the ferminals of the half-w i valNgenerator is adjusted to give the same
reading on the measuring reading recorded earlier (Y), at gach

frequency of measure

When measures
dipgles, separate ¢atib

2.6.

ring

2.6.p.

In s' fileasurements may be necessary for the investigation of an interference problem at
a pg i i e to

the
sion
are
excessive size and/or welght of the EUT or S|tuat|ons where the mterconnectlon 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.

Megsurements shall also be made on selected frequencies to determine,/whére possible| the
modg gths.
The

NOT ently
of th y be
impo yclic
oper Jhest
distu

Me4 nent
distI hest
dist The
final disturbance field-strength mea the
diregtions of the highest disturbance y to
frequency) taking into account the local

The| highest disturbance fie : and
horigontal polarization.

If thie ratio of the mpeasured dis than
6 dB, the measu ‘

2.6.

2.6.

The num
radi field
stre

The| horizontally polarized disturbance field strength shall be measured at the stangard
megsurement distance d,;,,;; using a loop antenna as described in 5.5.2.1 of CISPR 16-1 |at a
height®of 1 m (between the ground and lowest part of the antenna). The maximum disturbgnce
field strength shall be determined by rotating the anienna.

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 dembels) shall be plotted as a function of the measurement

dist ults.
Thi the
distlirbance field strength at distances other than the measurement dista b, at
the gtandard distance.
2.6.p.3 Field-strength measurements in the frequency range abb
2.6.5.3.1 Measurement method
The \ ign at
the B i i i gererating\thexhighest disturbance
field i gths
shal Tm
to 4
It is ENcy
rang gnge
aboye 200 MHz. The distance betwe allic
elements (including cables
2.6.p.3.2 Measuremel
The[standard me re it is
not jpossible to ngth
shal gn of
the Hard
distance dgq shal\be\de ngth
as g [
If it 3 k measure at different measuring distances and the measurement distance
refe F S bults
shal
dmea
Estd = Emea +nx20x |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

||s'|ng the-substitution-method

2.6.p.4.1 General measurement condition

The|substitution method can be used without additional conditions if, & can
be gwitched off and if the EUT can be removed for the substitution.

If the EUT cannot be removed, and if its front face is a large S g this
facqd on the substitution shall be taken into account (see egusati > e of
the EUT does not fit into a two-dimensional plane in the me DO itional
megsurement uncertainty is not considered.

If the EUT cannot be switched off, it is still possipte 3 sure
the radiated power of a disturbance fron arby

frequency at which the field strength EUT is at least 20 dB below
that| at the frequency of interest (“nearb 5 two receiver IF-bandwidths).
The|frequency selected should, where possi en with regard to possible interfergnce
to rgdio services.

2.6.5.4.2 Frequency range

2.6.5.4.2.1 Measureme

The measureme@

Thig requirement is

be such that the measurement is made in the far field.

a) {lis greaterth

b) (6)

here
is_the*measurement distance in meters;
I} _“is the maximum dimension of the EUT with cabling in meters;

S <

| is-the \Ala\/nlnngfh mn-meters:
A IS+ Wa-eieRgth—1H-etefrs;

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

measurement distance is chosen, this assumption can be validated by using the procedure of
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 shall be
indicated.
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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) shall be

followed.

a) The EUT shall be disconnected and removed. A half-wave dipole or gnienna with~sir
adiation characteristics and known gain G, relative to a half-wave di substitute
Ts place. If it is impractical to remove the EUT, a half-wave or by6 nd dipole (in
requency range lower than about 150 MHz to minimize mutua EUT
bositioned in the vicinity of the EUT. The vicinity is a range up to

b) The half-wave (or broadband) dipole shall then be fed by & si peratin

he same frequency.

¢) The position and polarization of the half-wave dipole (o be antenpa) shall be s
hat the measuring receiver receives the highest figld strength~N is not remog

hilar
din
the
[) is

j on

such
ved,
3m

the
pd.

the
sen
a is

half-
een
the

ane
e to

hen, if possible, it shall be switched off and the dipole a range up to
round the EUT.

d) The power of the signal generated sh v ie i isuring receiver showg
ame reading as when the highest dj from the EUT was measur

e) ple, a building with a cablg-TV
etwork) the substitution antenna ( s positioned about 1 m in front of

ocatiomof'the substitution should be so chg

hat an imaginary line tion \antenna and the measuring antenn
erpendicular to th

f) the—plane imaginary surface enclosing the
ave dipole b perpendicular to the measurement axis betw
he antenna easuring antenna shall be varied such that
eceiver receiv

g) atorshall be varied as in d) above.

For ose front face is not contained within an imaginary large p

surf gnal generator Pg plus the gain G of the transmit antenna relati

a hg the effective radiated disturbance power P, to be measured:

Pr=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

where

P,=Pg+G+4dB (7b)

P, isin dB(pW);
Pg is in dB(pW); and

G isindB.
The| effective radiated disturbance power can be used to calculate the di field
strepgth at the standard measurement distance dg 4. The free-space field strengt shall

be dalculated using the following equation:

whefe

Efed isin pV/im;

Py

dstd

If the calculated free-space field streng
field strength measured in standard t

jtes, it
strepgth measured at standard test sites i xi Bly
strength of equation (8) ‘ tions) fromp>the ground plane. Equation (8) can be

is in pW; and

W

free
d std

(8)

is in metres.

is compared with limits of disturbance
g considered that the amplitude field
6 dB higher than the free space field

st s

modifi : went. The)disturbance field strength at the stangard
distance Eg 4 can the K ) e vertical polarization using the folloying
equation:

20 log dgpg + 22,9 (9a)

160 MHz the maximum field strength is not measurefd at
5 6 dB factor must be corrected as follows:

Egtg =P, —2010g dgiq + 16,9 + (6 — ¢;) (9b)
whe
Estq
f is the measuring frequency;
dgtgl_—As 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
§§ 11 (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

Ll M H 4 4 pu | £4 | - ladla ol 4 pu | pu | Lo TaYaou | W] pu |
Wh C UIT TITTITO TTTITTSTUL Aallu Aarttcl WITICIT 'S TauUladlcU PUVVcl ucuitTdostTo Uy U Up/ucualc.
Received
radiated
power (dB) Distance between Transition
A lines: 5 dB point

Logarithm of the distance
IEC 1917/02

2.6.

The shall be measured in the direction of maximum radiation |with
the EUT in t ‘ generating the highest disturbance field strength. A doyble-
ridged w i ) periodic antenna shall be used to determine the direction of
maximuins a ceasurement distance shall then be chosen according to 2.6.5.4.2.1
and|the distuxbante fieldhstrength on the selected frequency is measured. The antenna posijtion
shall be variedtslightly to ensure that the measured field strength is not at a local minirnum
(dug, for example, tofeflections).

For |the 'measurement of the radiated disturbance power the EUT shall be disconnected|and
a druhlp-ridgpd haorn or Ing-pprindir‘ antenna pnqifinnpd either in the immediate vir‘inify 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;

— lescription of the measured installation;

— (etails of all connections between the measured installation and ghriical data
hnd details of their location/configuration;

— gescription of the operating conditions;
— (etails of the measuring equipment;
— Mmeasurement results:

antenna polarization;

2.6.p Measurement in a loop antenna sy

The(loop antenna system (L ' e nt of
the magnetic field streng Mitte i the frequency range 9 kHz to 30 MHz.

The|magnetic field str the
magnetic disturbance fleld o

The|LAS shall ba ed 6-1,
Annex G. That anné the
medsuring results 3

2.6.6.1 Genégra

Figyre [ al concept of measurements made with the LAS. The EUT is placed
in the cen et e current induced by the magnetic field from the EUT into eagh of

the three largesloop antennas of the LAS is measured by connecting the current probe of the
largge loop antennasio,a4 measuring receiver (or equivalent). During the measurements the EUT
rempins in, a fixed position.
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Diameter: 2 m (3><‘)
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I e 7
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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
stanidardized 2 m large loop antennas of the LAS.

The|position of the mains lead shall be optimized for maximum ¢ jeneral,

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

In cpse of a large EUT, the diameter of the loop antennas of he increased Yp to
4 m| In that case:

a) fhe current values measured shall be corrected i
CISPR 16-1; and

b) t{he maximum dimensions of the E
loops of at least 0,1 x D m, where

rge

3.1 | Imnmunity test criteria

Immunity measur inter-

ferehce on the

Immunity measure ignal

and|an unwanted sig The fundamental basis of the measurement is set opt in
this|clause, toge en\wit i ) conditions which need to be specified in the detailed
reccmmend the CISPR product committees. Sublause 3.2 deals with| the
genegral principals of methods of measurement for immunity, and 3.3 with radiation

methods/

3.1.1 Genera

Figyre 25 sets out the fundamental concept upon which all methods of measurement of
imn]unity 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
or radiation path EUT

Assessment of
EUT performance

3.1.

VIONITOTING path
(visual or electrical)

Unwanted signal
generator

cific

signfals, audio rectification levels, etc., which gital
recqgrding techniques.

As 3n example of one such assessment sion
recgivers to AM modulated RF interferg

First the wanted test sigral on gnal
whigh is measured. Th bl at
the |required level. T then removed either by switching off| the
modulation or the qudi \ anted signal is applied in addition and its levgl is
adjusted to obt@w ; io\si at the specified level below the wanted audio
signial level. The leve)df the vanted signal is the measure of immunity of the EUT at the|test
frequency concerngd aKen in order not to damage the EUT by too high lgvels
of the unwanted

3.1.1.2 Subjectiv 1ssBss of performance degradation

Subjecti ent off EUT immunity is made by visual and/or aural monitoring of
perfprmance~deg for EUTs with such visual or aural or both presentations. [This
technique differs~rom that in 3.1.1.1 in that specific electrical or similar signals and levelg are
not directly-recorded’with an analogue or digital format. Instead, performance degradatign is
not formulated in measurable terms but in human sensory terms, e.g., human audio or visual
pergeption of an annoying effect. The unwanted immunity signals can be the same or similar to
thO C uacd fUI ubjcutivc ;Illlllullity aDDUDDIIICIIt IIICdDuIUIIICIItD.

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-atthetevel-ofthetimitand-its—fregquency—swept-through-thetesi+range.
The|EUT is considered to meet the limit if no degradation, whether objective or subjectivg, is
observed at any time. This procedure is called a “go/no-go” test.

3.1.2 Immunity degradation criteria

To ¢stablish reasonable immunity criteria will require defining pexformance
degfadation. One such view of the progressiveness of perfor P as
follgws:

a) po degradation: equipment complies with its des'n Specifi W itgrion

pact
an immunity critgrion

shall be adopted for sensitive health and safety
bn large populations of consumers. It might
for some critical processes or equipment op

b) moticeable degradation: in this cCe s” been affected by an|EM
disturbance. Increased noise in video i ecreased signal-to-noise ratjo in
control circuits, error rates in digital"system ching an allowable system maximum,

br annoying audio or visual distufbances ples of noticeable degradation] No

pperator intervention 3 continue use of the electronic

product/equipment. This de i used for mass produced products. [The

glegradation disappé¢ ity signal is removed

C) $erious degradatiolp: Ir S products will not be able to provide contindious
batisfactory tio. , is, field’engineering or customer service representafives
vill spend co erable, time _inhe figld trying to identify and correct the problem. [This

immunity level i occurs on very rare occasions. Operator intervention

is required to/rests ifi ation of electronic product/equipment such as sysgtem
lockups, resets, ingi 9 writing on floppy disk, and other altering of memory;

d) a//ure/to a jlity: > is the most serious category where the product totally [fails
and ' reset\to regain operability. Eventually, mechanical damage will ogcur.

No field .. accomplished. This creates a need for complete equipment
eplaceme n ufgent redesign to increase its immunity level. Customer service cpuld
be interrupted. for Jan indefinite time dependent on the capability of the manufacturgr to

It is|the task of the product committees to determine the product degradation criteria forl the

abo atonditionc
C-CoORGTtoos

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 sa (that the_appropfiate
spetialized test equipment can be specified together with the covered of measurenjent.
It will thus be necessary for the product committees to adapt rement
pringiples set out in this clause to their particular product.

The| characteristics of the unwanted signal must be specifi .8 modulation,
diregtion, polarization, etc. The frequency range of appticabili ethod must be
defiped, e.g., the useful frequency range of the TEM ) its width and thjs in
turn|is dependent upon the size of the EUT.

The|EUT must be examined to determi € i [ susceptible in any mode of
opefation or for a particular frequency‘qQf u

3.1.8.4 Calibration

The| product specificatio
standard or including
spegification. This shop
partjcularly the means

unwganted signal@i

The|product specificatio S e-the significance of the CISPR limit. In particular, it shpuld
addfess th st ether the testing should conform to the 80/80 rulg of

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

For immunity i ilL.d performance degradation occurs, compliance with a CISPR limit for
j d using a suitable sample size such that a portion of the sample may
exce¢ed the-pefmissibte limit. For immunity testing performed at the immunity limit to detergnine
complian€e; e.g. go/no-go testing, without measuring the margin of immunity, statistical
technigues 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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Coaxial cable, twisted pair or Other cables fpr mains, loud-speakers,
_| | multi-lead cab etc each termipated with a coupling
(screened)or/insgree unit (150 Q)
Equipment ub”nder test -
Cqupling unit
—— 7 J L J
— - i
Wanted signal generator — R W
or auxiliary equipment ~ - — e "]
\? = — \ ==
\ — ) Rq _L
— o T
14 T ] i
I == ‘ 10 cm 50 Q
|
S S S S SS S SSTANSSS SRS ST S S TAN S S S S
IEC 1861/03
N
L Isolating jnductance
C1, C2 Capacitofs with low RF
Rint. impedance (if a.¢. d.c. conditions
Iqteﬁerer ce RF 50 Q allow this, capadjtors should be
signal geferator \ replaced by a difect (connection)
Rint. + R1F50 Q
EMF

| Interference current

Figure 26 — General principle of the current-injection method (see 3.2)

(3)€002:031 O 2-91 UdSIO
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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 approaching 100 MHz or greater, conducted immunity injection by both methods is
difficult due to the impedances and resonant conditions of the EUT leads apdteads.

3.2.1 Coupling units

The| coupling units contain RF chokes, capacitors, and resistiv xction of
unwanted signals. The impedance of the unwanted S|gnal vol * oad
impedances are standardized and the coupling units are deg g\k: nce.
Thel also permit the passage of the wanted test signa )pIy.
Congstruction details and performance checks of coupli i

3.2.2 Measurement set-up

Thelarrangement used for conducted ¢ ity > ifigd to
enslire accuracy and repeatability. Partlula i :

a) height of EUT above a specified grqund

b) disposition of excess sigral and power I8

d) ¢ontrol of lay-out o und
plane, intercopne

e) quality of Iea@x

Morg details on st TV

recgivers, as an exa

The|TV recei i 3 QmMm above a metallic ground plane of dimensions 2 m by [l m.

The| cou
coupling uni
inpyt of the EU

erted into the various leads, respectively. The leads linking| the
WT Shall be as short as possible, in particular the lead to the antg¢nna
shallN\be not longer than 300 mm.

The[ mains~lead 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

repost The distance between the leads and the grnnnr{ plqnn shallbe 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.

~

()
\

5

IEC 1862/03

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

3.2.8.2 Measure . of television receivers

The| measuring set-up is shown in Figure 28. The principle of operation is similar to| the
megsufing set-up of Figure 19 and the remarks in 3.2.3.1 apply. The low-pass filter (10) is
added-to prevent influence of the measuring results by harmonics of the unwanted signal
generators.
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3.3

The

eledtri

3.3.

A hq

guid

mibe
1 7 6 .
= g
LTl
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N L__1 7 ”
N ¢ o
2 7
%
\%

5

IEC 1863

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

g’using the TEM mode

mogeneous, electromagnetic wave under the free space conditions can be simulated

/03

ated

by a

ed-wave of the TEM (transverse electromagnetic) mode travelling between two flat par

allel

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

oo i a-20)\-
=AY AN} |Hu|\.l \J\J/,

— ¢onnecting leads to the EUT are inserted through holes in the base conductor plate\ef the
stripline. The lengths of the leads inside the stripline shall be as possible [and
completely surrounded by ferrite rings to attenuate induced sfer
lmpedance of coaxial cables used shall be not higher than 50 m

— any balanced-to-unbalanced transformer used shall be connested 3 ith S as
short as possible;

— f{erminals of the EUT not used during the measuremep Ided
esistors matching the nominal terminal impedance.

If ap EUT requires another apparatus in order to fénction properly ’ atus

shal i n to

ens \ @ nted signal. These precaufions
may ‘ on,
or th
\
2! /
I 9
1 to 11: absorbing panels with dimensions of approximately 0,8 m x 0,4 m EC 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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Receiver under test
RF interferinx
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signal Load
—1_1 100 mm
. 7
?Ferrte toroids
Standard inpuf wanted signal
1E 1865/03
3.3.1.1.
Figd munity of sound and broadcast receivers.
This S . wanted test signal is supplied by generator
G2 and is connecti:«d theough aym ! ork to the input of the EUT.
The or G1 and is connected through switch S1, wide-pand
amg s_filter F toNa” matching network MN of the stripline. The wide-hand
amp G vide the necessary field strength. The stripline is logded
with 2 i
Car g pect to the harmonic level of the RF output of the generator G1|and
in particutar_ the Gt Of the wide-band amplifier Am. Harmonics may influence| the
meg i soincide with other responses of the EUT. For the case where the EUT is
aT i R ponses from a harmonic may be at the tuned channel or the i.f. channel
of the EUT.In some cases provisions shall be made to reduce the harmonic level adequately
by ipserting a suitable low-pass filter F that can handle the input power from the Am. Spdcific
cheg¢ks 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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3.3

(Un

Megsurement circuit

(Un

.1.2 Measurement set-up using a closed TEM device

Standard RF signal
to receiver

G2

Ga
1 kHz

S1 Am

F
o et b =

Interfering signal to TEM
device via MM

JEC 186/03

Figure 31 — Measuring circuit for the immunity of sound brqad
ambient fields (see 3.3.1.1.1)

ler consideration)

ler consideration)

3.3. Measurement using absorber-line

3.3.2.1 Introduction

Absprber-lined shielded roo a Rrises iX-Si i ichlhas
some form of ¢ the
shiellded room fl nts.
For field uniformity, rial.
The| absorber m erial
inclydes ferrite am.
Both materi is g \the eat.
For high power immiyqit ' y of
the absafbing = for
the materia

3.3.2.2 Size

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

a)

b)

c)
d)
e)

f)

test area needed for the EUT system;

volume necessary to accommodate the transmitting antenna and its required height(s)
above the ground plane;

size of the absorber material;
separation between the antenna and EUT;
separation between the EUT and antenna from the closest absorbing material;

the dimensional sizes of the chamber required to give the required accuracy and uniformity
of immunity field in the test area.
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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 impr

oved by a suij:bly

chosen layer of ferrite tiles and carbon-foam material. In general, the (layering cénsists of
fernres directly mounted on the shielded room walls and ceiling (and pefha looring), a lpyer
of djelectric material, the carbon-foam material, and in case of floop \applicati an inert fill
between the pyramids and a mechanically strong, load-bearing, ' yalk-on”
material. The ferrite yields additional reflection reduction below i arly selected).
It should be noted that such ferrites are non-linear suppression mateg he impact on the
absorber room reflective properties as a function of frequenCy sh characterized bdfore

using such material, especially above 1 GHz.

3.3..3 Transmitting antenna

Thefe are many varieties of transmitti as k d to reproduce the degired
immunity field inside an absorber-lined shiglde . t critical parameters for such

antgnnas are the ability to dissipate hig g kW) and to have a beamwidth
sufflciently wide to illuminate the EUT te Iar| ation information is necessary, lingarly
poldrized antennas should be used. Typi 1 i[de high power biconical, log periodic
arr;ys and ridged rectangy gnnas_should stand well clear of any absdrber

material. At leasta 1 m cl

3.3.p.4 Signalg
No special signal :‘; i other than adequate suppression of signal generator
and| power amplifie i d\spufious outputs are needed when immunity tests|are

perfpormed inside(an\aksorber-lined shielded room. The signal sources should be capable of
producing bothxC RF carrier levels compatible with the input requirements of
the power anplifi J-toN{eed>the transmit antenna. Since the EUT may respond to seyeral
frequencig : width, it is important that the combination of the signal genefator
and| pow nplifie adeqately suppress harmonic and spurious outputs. The suppression

sholld be S e.compared to the desired frequency output and to the immunity linjit at
thege harmoni h-power low-pass filter which tracks the output signal may have tp be
inserted between tr

3.3.R!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-

|a mente will cianificantly offact thao fiald tha idantical nlacamant muct ha 1icad far tactin
placements-willsignificantly-affest the-field—the-identical-placementmust-be-used-fortesting.

NOTE
unm

bf an

3.3.

Bas d an
ana the
lead e or
immunity of the EUT nor become uncalibrated by the appt i , e of
the 1 nent
outs fion.
The rgy.
The 5 the
room. & clear window panel on| the
shie ed. The panel area should be
con 2 \ esh embedded in glass or condu¢tive
trangparent material applied to the gla 2 ded
inside adjacent pyramidal -foa that
doe$ not intercept a maj e via

acolistic couplers or b | RF

immjunity signal carrier.

3.3.2.7 Immunit

3.3.2.71 om.

A ur n a
wave e antenna separation is greater than a wavelength aIvay.
Thelfield separations closer than a wavelength. For larger prodycts,
i.e., nsions are greater than a wavelength, the antenna should be
sepdqrated b N qual to the largest linear dimension of the EUT in metres squared

divid ngth of the immunity signal. If measurements are made at clpser
separationsj.the re e antenna will be in the complex near field zone. This complexity must
be accounted for in such tests to assure repeatability and the prediction of the far field from
such neéar‘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 |nS|de a regular shlelded room. Slnce the mteractlon of all the

ber-
nnel
and|test instrumentation (amplifier, signal source, etc.) should be located g
The|general test procedure includes the following:
a) establish the calibrated disturbance field strength, polarization 2 i y is
equired);
b) ¢onfigure and operate the EUT as typically used ar i ' to maximize its
immunity response;
c) hich
d) ile or
fo determine go/no-go compliance
e) tion

3.3.3 Measurements us
3.3.8.1 Introduction

Radjated immur@i
radipted emission™Me

mugh equipment 2
eleg q

€ by their very nature significantly higher than
d by national governments. Typical test levelg for
//m. For some EUT systems and large stand-ajone
inate the entire EUT requires high power, an effigient

and i 'ng antenna, and a large test area. The power and antgnna
reqyi ependent of the type of test facility used. In some cases| the
large EUMNs i fdnctional until all its parts are assembled on site at the usger's
premise ite that is quite large. One such test site is the same open area test|site
use ia issior’ measurements. These sites are useful over the full frequency range
and applicability above 30 MHz subject to the severe restrictions stpted
in 3/3.3.3.

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
somle administrations it may be required to secure an experimental radio license from| the
natipnal authority. The license would detail specific frequencies, time of operation, and\length
entaldicenses
for frequencies used for public radio emergency services, commerciak’bro a government
channels, standard time and frequency broadcasts, etc. are S fed: of [ISM
frequencies and other industrial use frequencies are generally mo iKe approyed.
Not¢, however, that these approval frequencies may be so spagéd i ue’immunity
resgonse will not be completely described.

Undgr far-fielded conditions the ambient interfacing field

whefe

is the input voltage at the tuned radiatin esistance R;

U i tehn
d is the distance betwee e

located;

where a sensitive radio receptor may be

G s the gain of the antehgawi aif-wave dipole.

The|factor 2, wi@

plane if the height™o
of a|vertically polarige
the reflected field

plies the effect of the total reflection at the grqund
2 is adjusted for maximum field strength. In the ¢ase
a, the effective field resulting from the direct and from
ically linearly polarized field.

3.3.3.4
3.3.8.4.1

Bas|cally, the immunity measurement procedures are the same as those for measuremgnts
made using.any enclosed test site such as a TEM cell or shielded (absorber-lined or not) rgom.
In the case of the TEM cell the signal is applied between the centre conductor and the quter
shelll;“in the OAITS and other more common shielded enclosures, the immunity signal is fgd 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

skilled operator. Fundamentally, there is no difference in the accuracy with which an emission
value is measured whether manually or under software control. In both case nent
uncertainty is based on the accuracy specifications of the equipment usg -up.
Difficulties may arise, however, when the current measurement situ the
scemarios the software was configured for.
For example, an EUT emission adjacent in frequency to a high fevel™a t be
medsured accurately, if the ambient signal is preseg i test.
A knowledgeable tester, however, is more likely to distingi ; &nithe actual interfergnce
and|the ambient signal; therefore the method for meagufingthe \ issigh can be adapted
as required. However, valuable test time can be sayed b Wi bient scans prigr to
the pctual emission measurement with the EUT tu ' Wient signals present on
the PATS. In this case the software ma be abl 3§ ar of the potential presénce
of ambient signals at certain freg appropriate signal ation
alggrithms.
Opedrator interaction is recommended i 5sion is slowly varying, if the EUT
emission has a low on-off ¢y t 'ambrierit signals (e.g. arc welding transignts)
may| occur.
4.1.2 Generic meas
Signals need to M| receiver before they can be maximized |and
meg gctor during the emission maximization process fqr all
freq leads to excessive test times (see 2.3.5.1). T|me-
con S ' eight scans are not required for each emission frequgncy.
The ) ~ encies at which the measured peak amplitude of the emission is
abo SQIEEY . Therefore, only the emissions at critical frequencies whose
amplitudesa et0' o exceed the limit WI|| be maximized and measured.
The i ) i ¢ess will yield a reduction in measurement time:

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
comparisor. T hese factors defime the Tmeasurenmernt Sequence during theexecutiom of prescan.
In apy case, the results will be stored in a signal list for further processing.

Whg¢n a prescan measurement is made to quickly obtain informationcon* a own
emi}sion spectrum, frequency scanning can be performed by apply i ions of
secfion 2.3.5.

¢ Petermination of the required measurement time

If the Tis
not than
Tp s of
the the
emi$ d or
clealr/write function of the measuring eq and observmg the emission for a
peri ead
in case of conducted emission, no movieme, 8 i e or
ants issi \ the
max aken
not radiated emissions, the polarisation of the

epeated, to reduce the risk that ceftain
emain below noise level. From each intermittent
S s.Mmeasured by setting the receiver to zero span or

the PF-output of the measurement receiver. The cofrect

ante
inte
sign
usin

meg iMed by increasing it until the difference between max-
hold ~ e.g. 2 dB. During further measurements (maximization
and|fi L $ be assured for each part of the frequency range thaf the
medgsuri i i allepthan the applicable pulse repetition period T

The i ement determines the definition of a prescan measurement in| the
follgwi

Conducted emissions: prescan may either be performed on a representative lead| for
xarmple lead “L” of the power line or on each lead using peak detection and the fagtest
¢an time possible. If multiple leads are measured, a “maximum hold” function should be
USEed 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

mission spectrum is scanned, If the EUT surface is wider than the receiving antenna
pbeam, the antenna needs to be moved horizontally and vertically along the verticahplane
barallel to the EUT in order to cover the EUT surface (see 2.6.3.4.1).
Table 2 — Recommended antenna heights to guarantee sign
(for prescan) in the frequency range 30 MHz to 1<6\
Measurement distance Polarization Frequency range \%ie-
m MHz \
3 h 30 /100 \>
2
N _Geoproah 8
v 30 2100 v 1
l 1092 1/ 2
< (25 0 11,5/ 2
10 \((\ 30 - %00 4
100 — 200 2,5/ 4
Q 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
autdmated test, i.e. it may be part of a prescan.

discrimination is needed, it can be a rather lengthy process. How
for uning and listening can be specified, only signals within th

The| results of the data reduction process are stored in a_se
progessing.

4.1.p Emission maximization and final measurement

During the final test the emissions areg

maximization of the signals, the emissi tion
andfor average detection, allowing for if the
reading shows fluctuations close to the li

The|type of the measurert ofines imiz ieldi i ignal

amglitudes:

— for conducted e

mplitudes o e
levels;

— for measureme orbing clamp: amplitude maximization by variation of the

mrdximization by comparison of the emission
UT power cord and retention of the maximum

axinizati he |n|cated level by varlatlon of the EUT azimuth and the loop antgnna

in the frequen ge from 30 MHz to 1 000 MHz:
aximization ofvthe indicated level by variation of height and polarization of| the
easurement antenna as well as variation of the EUT azimuth;

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 invol
the rotation of the EUT, scanning the receive antenna over a height range, and chan

3(E)

ving
ging

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 w

ithin

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 aIIow the detection of the maximum amplltude or may cause the si

ignal

Ong search strategy might be to rotate the turntable 360° while leaving the an ﬂixed
height to find the angle for maximum emission amplitude. Next, the t i ack
ovef the full range after the antenna polarization was changed (e.g vertical).
During this process test data is taken continuously with the receiver\and at\ths y of| the
second table scan the highest amplitudes, based on turntable 3 2 rizafion,

cted

and|the antenna is scanned over the required height rangé pasitio y|eld|ng the
maxXimum amplitude. At this point the emission level is either er's
quasi-peak detector after returning to the maximum epissio c search continues
with| incremental rotation of the turntable and following j \ > ight search, to find the
maximum emission amplitude at the given freque i precision. Again, |t is
important to have some understanding of the radiatig o, EUT in order to set up the
software for an optimum search strat ' i n0f the EUT emission in the
shortest time. Variability is introduced\into\the test re en the final measurement is
perfprmed on the slope of the radiation pattern i
4.1.6 Post processing an
The|last part of the tegt p ¢ mentation requirements. The functionality
for defining sorting and somparison routine ieh then can be automatically or interactjvely
i piling the necessary reports and documentation.

applied to signal Jists s
The|corrected p &gsi
selelction criteria. ' e )cesses are stored in separate output lists or ca

3ignal amplitudes should be available as sorting or

h be

combined in a single abte for documentation or further processing

Resllts shall be~avai bular and graphics format for use in a test report. Furthermore,
information akout tF S itself, e.g. transducers used, measuring instrumentation,|and
docyimeptati \ set-up as required by the product standard should also be part of

the test ré

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
interferences and the signal to be measured.

5.1.l Accuracy of measurements

The|error for sinusoidal voltages at the receiver input shall not exceed %
are fintroduced by ancillary equipment. (Methods to analyze overall A EMB neertainty
are pnder consideration.)

5.1.2 Avoidance of extraneous signals and effects

a) Maximum permitted level of extraneous signals (see 2.3™ 1. p e to
txtraneous interference shall be less than 1 dB i i has been fulfilled if
xtraneous interference, measured when the tes{ objétt is-Syi f, is 20 dB below the
adio interference voltage to be measured, or p
b) Filtering and shielding measures Qrde AVoi eQus interference, radio inter-
{ference voltage measurements can‘ke catri i rooms and with an additipnal
ains decoupling filter (if necessary Wwith & i asformer) (see also 2.3.1). If the
xtraneous interference (also noise(of the me S i the
equired signal-to-noise ratio of 20\dB, e extraneous interference voltages

c) Overload and intermod iON . io i ses,

easurement errors (i 3 ice. ing is

ade ewden<> i b e T e.
Ovefloading is insigpffi i isplay drops by less than 1 dB when the input voltage
attepuator is redugen Q| 10 dB and if the complete i.f. gain is reduced by the
same amount af [ - ifier. ¥ the reading drops by more than 1 dB, intermodulation

has|occurred x nsufficient signal-to-noise ratio.

Thig che

- evant\for interference measurement receivers with automatically controlled
ovefload prote
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Annex A
(informative)

Guidelines to connection of electrical equipment to

the artificial mains network
(see 2.2)

A.1 Introduction

Thigd annex is intended to give general guidance in the techniques which capbe used to assess
the |disturbance generated by certain electrical equipment in the freque to
30 MHz. It provides information on methods of connection of such eqUipme € artificial
mains network for the measurement of terminal voltages. A table i ovided\ giyrig a_general
pregentation of various cases encountered in practice enabling guitable
technique to be selected.
The|cases described below in A.2 identify propagation of the
a) by conduction along the connected mains leads qui-
alent circuit diagrams), or
b) by radiation and coupled to the conpected the
Iquivalent circuit diagrams).
Whegther conducted or radiated disturba 9 nent
of the EUT with respect to the groupd r G Mdi i the
refefence ground) and of the type of conn 3 ifici i vork
(shielded or non-shielded €ab
A.2 Classificaz'on of
A.21 Well-shietded &
In tHis case, the .| The
dist S the
voIt{ in S en cap itance C1 between the EUT shield and the ground referénce
incr oltage U4 is maximized (U4 = ZI1 = E4) when the impedange of
the [currée e 3 inimized by short-circuiting C4 either directly or by using shiglded
cables to stipp RN(s€e Figure A.2). (Also, see the discussion in Clause A.3.)
EUT Artificial mains
network
—
B =7~ . U
ERN AN 1
~ C) Screened cable T
== (4
/ / / v

IEC 1868/03

Figure A.1 (see A.2.1)
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EUT Artificial mains
network
Ih I
. 1M — O Us
[ — 2\ N
l Screened cable .
I | Ey Eq I
| ~ ~ AL
| i "
_i_ C2 —— C4

TTAT 7777777777777 777777777 7777 S S LN S

IEC 1869/03

Figure A.2 (see A.2.1)

A.22 Well-filtered but incompletely shielded EUT (Figuyés

In TS case, the disturbance current fed to the main : [ to zero, and the
voltage across the artificial mains network may be dominated ( irable radiation efther
from gaps in an incomplete shield or from a protr d'ng ) ti . Such
leaklage can be represented schematic N an
internal disturbance source of e.m.f. « d . Tofs capacitance Co passes a

current I. Part of the current 7o which ’ it C1
and|a part of I, returns via the artificj e supply leads are unshiejded
(Figure A.3) and the impedance of Cq [s lagg 8 ith the artificial mains impedange Z
(ZC{ w<< 1), then Iy is neg 3 ye'Uy is nearly equal to I2Z (Up = ZI3).

If C] is increased, Z i | il>decreage. At the limit, when C4 is short-circuited by
supplying the EUT thrg » K igure A.4), so that no part of I flows through Z,

ther| Us will be z

EUT EUT Artificial mains
/ 2 network
N Eo EifH N <— ~NC ]
Iy L {E Q 12¢ [C) ~Z N
‘ Vi N ! ~ 7
By I T A0
' @ TC
/// SS TS S S S, SSS S S S ST,
IEC 1870/03 IEC 1871/0
Figure-A-3(seeA22) FigureAd{seeA22)

A.2.3 Practical general case

Most usually in practices, neither the shielded nor the filtering 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 circuit closed through ground and
the external surfaces of the screening of the artificial mains network and of the supply
conductors; it has no effect on Z.
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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
—J I network
E4 s

= — 1 Uq

4

A

i i
[1? TC1
7 // /// /S

IEC 1872/0

Figure A.5 (see A.2.3.1)

A.23.2 Supply through unshielded but filtered condu

If alhighly efficient low-pass filter is connected to (the/ifput e ‘ ning
diregtly connected to the screening of the EUT, : s ains
cond@luctors will be stopped by the filter

As iph the case represented in Figure A.G
and|the conductors (if ZC1 w << 1); th
by the radiation.

gh Z
blely

Artificial mains

network
Ordinary cable
B E— Uz
| “
el 1| ( I
| ~
|
|

77 78 7777 T 77 7 777
IEC 1873/03

Figure A.6 (see A.2.3.2)

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
L | Ordinary cable I » |
B R—— - = U

I A AV
T | N\/ Z T
| T

I

Z lh
|
=C C1== t
| | 14 ('
) )

ST

N I
\/N

Figure A.7 (see A.2.3.3)

A.3| Method of grounding

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

Thig is the only correct solution in order tx i i istingtion
between the two kinds of currents 74 and I, 5 ithout

Iy%sm result may be achieved by grounding
maximlif), running parallel to the mains lead|and

For
thro
not

For plified solution should only be used with gare,
especially at the highe ¢ is then strongly recommended that screened condugtors
be U i S. ' equencies, it may be necessary to take into accouni the
cha e of\l

A4
A.4,

A.41.1 Generalr

It ag pears from the conS|derat|ons dlscussed above that the behaviour of the measuring cifcuit
for a & 2 a L nese n-:~
ments is Iargely dependent on how the frame of the EUT be|ng 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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ct grounding should always be used when testing:

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

3(E)

the

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
fur thU Iyllltl\lll Orystclll Uf f\JUI f\lr bul:crs,

A.401.2 Direct grounding

Direct grounding should not be used when testing item b)1) of A.4.1 vell-
filtefed EUT which generates considerable radiation (for example, atus
with| damped oscillations, arc welders, etc.). In all these cases, the ificial

mai

s network becomes very small with direct grounding, w

ma
sim
prote

therpe

NOT
norm
provi
of hi

A.4N.

With
of b
is re
with
NOT

impe
inser

The measur Y eld only the value of the total disturbance, without allowing
discriminati g only valid for the conditions used during the test. S
conditioR be wery well defined, namely the values of the capacitance to the grg
plane of the : ts of the EUT (for instance, the capacitance of the transmission
from the aerjaliq thecase of a television receiver). Moreover, a single measurement for
arbifrary fréquency~Mas no significance if, for this frequency, currents Iy and I, ar

opp
of fr

volt\Ige may be quite large or unsteady. The ‘measuremen

spductor, e.g.
om the “polluted”

E  The impedance of such an “electrical ong” condustor ls, in cas an BEUT of safety protection Cl3
ally equal to the mains simulation impedance\specifi as termination i

1.3 No grounding

out any grounding, th s\the artifisidl mains network results from the add
pth currents 71 andNo. c an oplly be obtained when one of these curr
duced to zero, gith { c ed shielded but poorly filtered EUT (e.g. a motg
a very well-fi : 3. atelevision receiver, an ozonizer, etc.)

E If in case of an RUT ® ¢ atesti ass | for the purpose of analysis of /5, for the reduction of
Hance according A0 \2"is not sufficient, a high impedance RF choke (1,6 mH) m3

bsitioN=~As a matter of principle, then, it is necessary to make measurements at a nun
eguencies.

the
nd it
r to
Dy a
and

ss |,
EUT
case

ition
ents
r) or

the

=y

any
buch
und
line
one

hber

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 C4
domestic to injected current C,
appliances
Ordinary cable Very Actual interference It is necessary o
B good solely due to radiation | state accuratelythe
T z Ozonizers current /I, i
= appliance with regard
/. . Total overall inter- quote
QA;;;;:’[IU s Without ference resultin
) the superpositicq of
Arc-welding the two pregedin
effects (léoned\l})\
Television Strong | Moderate
receivers X Measurement
(time-base) shodld be repeated,
Ordinary cable frequency being
varied
Wit e The position of the

goo

\ﬁal length

appliance with regard
to earth should be
specified in order that
RCye0 <1
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Table A.2 (see A.4.2)

CISPR 16-2 O IEC:2003(E)

Details
T f .
Method of connection aggaersa?us Quantity measured Examples of the
measurement
Non-radiating Maximum actual All motors

appliances

interference as Cy

provided with an

Screened cable ] ! _ ;
o T provided with an | is short-circuited earth terminal
earth terminal
Television
t - FEEEIVEFS
7 | Radiating Check on the efficacy | Medical
appliances of the screening apparatus
when it is Ozom;%r\ig_\
desired to Arc-weldi
measure only @
the inter- .
ference Actual interference
caused by caused by an
current feed appliance which, in
to mains

normal use, mus e<
carefully screeaed

Screened filter

L |

Ordinary cable

Poorly filtered
appliances
when it is

S

s

Check/on ffica

of(Lti creeni g/\
N

JTelevision
réseivers. High-
frequency indus-

ial apparatus

The positior]
of the
appliance
with regard

Fluorescent
lighting

to earth
should be
specified in
order that
ZCqo0 <1

A.5

Con
diffi
app
para

EUT
alte
prog

Itage probe

of EUTs with high operational currents may cause
range 9 kHz to 150 kHz (30 MHz) are availablg
ent. AMNs for the frequency range 150 kHz to 30 MHz (5(

to
puH

This

ign is\also helpful for in situ measurement, if referred to in the applicable
uct standard.
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Configuration 1: appropriate application as a V-network

Ground

EUT 50 Q V AMN

} EMl-receiver

Mains

IECN1875/03

Cqnfiguration 2: application as a voltage probe

EUT N YT Mains
N\ YYD
\\ G G E—
e I
\) N/ \ Ground - ‘
e V AMN
as pfobe = Not

Q S EMI-receiver
IEC | 1876/03

AN configurations (see A.5)

he made‘safe

NOTE Exposed pinSjust
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