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INTERNATIONAL ELECTROTECHNICAL COMMISSION
INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 2-1: Methods of measurement of disturbances and immunity —
Conducted disturbance measurements

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organi
all national electrotechnical committees (IEC National Committees). to promote
international co-operation on all questions concerning standardization i A etronic fields. To
this end and in addition to other activities, IEC publishes Internationa 3 hnical Specifications,

ferred to as “IEC

Omprising

Publication(s)”). Their preparation is entrusted to technical commi ; an > bj ommittee interested
in the subject dealt with may participate in this preparafory . i governmental and non-
governmental organizations liaising with the IEC also partidipatg i i tion” IEC collaborates closely
with the International Organization for Standardizatio i with conditions determined by

agreement between the two organizations.

2) The formal decisions or agreements o
international consensus of opinion on the rel
from all interested IEC National Committees.

3) IEC Publications have the form of recommendations for\nte onal use and are accepted by IEC National
Committees in that sense. W bIe ade’to ensure that the technical content of IEC

press, as nearly as possible, an
nical committee has representation

4) In order to promote inte 8 i National Committees undertake to apply IEC Publications
transparently to the m im\(their national and regional publications. Any divergence
between any IE icatjon and thexcorresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC provides no mafking\ pfosedura_tp. indicdte its approval and cannot be rendered responsible for any

6) All users should exsurg tha y S latest edition of this publication.

7) No liability its, directors, employees, servants or agents including individual experts and
member; i i ommittegs and IEC National Committees for any personal injury, property damage or
other dam natute whatsoever, whether direct or indirect, or for costs (including legal fees) and
expense Qf the) publication, use of, or reliance upon, this IEC Publication or any other IEC

8) Attention is drawn_to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the~gorrect application of this publication.

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

International Standard CISPR 16-2-1 has been prepared by CISPR subcommittee A: Radio
interference measurements and statistical methods.

This second edition of CISPR 16-2-1 cancels and replaces the first edition (2003) and its
Amendment 1 (2005) and constitutes a technical revision.

This edition includes significant technical changes with respect to the previous edition. In
general, this new edition aims at reducing compliance uncertainty in correspondence with
findings in CISPR 16-4-1. Guidelines are given on

— resonance-free connection of the AMN to reference ground,

— avoidance of ground loops, and

Documents
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— avoidance of ambiguities of the test setup of EUT and AMN with respect to the reference
ground plane.

In addition, terms are clarified, a new type of ancillary equipment (CVP) is applied, and a
clarification for the use of the AAN and AMN on the same EUT is provided.

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

FDIS Report on Voting
CISPR/A/798/FDIS CISPR/A/809/RVD

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

the report on

* reconfirmed;
e withdrawn;
» replaced by a revised edition; or
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SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 2-1: Methods of measurement of disturbances and immunity —
Conducted disturbance measurements

1 Scope

This part of CISPR 16 is designated a basic standard, which specifies the\methods of

tools and similar apparatus — Part 1: ER iSSI
CISPR 16-1-1, ificati 1 fsturbance
methods — Part 1-1: ] | Ha ad i
apparatus

CISPR 16-1-2, @: ]

3 Definitions

For the purposes of this part of CISPR 16, the definitions of IEC 60050-161 apply, as well as
the following.

3.1

ancillary equipment

transducers (e.g., current and voltage probes and artificial networks) connected to a
measuring receiver or (test) signal generator and used in the disturbance signal transfer
between the EUT and the measuring or test equipment

3.2

associated equipment

AE

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

Documents
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3.3

auxiliary equipment

AuxEq

peripheral equipment which is part of the system under test

3.4
EUT
equipment (devices, appliances and systems) subjected to EMC (emission) compliance tests

3.5

product publication
publication specifying EMC requirements for a product or product family,
specific aspects of such a product or product family

ing into account

3.6
emission limit (from a disturbing source)
specified maximum emission level of a source of electromagnetic d

[IEV 161-03-12]

3.7

ground reference
connection that constitutes a defined p
serves as reference potential

rasitic g urrounding of an EUT and

e@the

NOTE See also IEV 161-04-36 (modified).

3.8
(electromagnetic) emissio
phenomenon by which elestro

tes from a source

dNa

[IEV 161-01-08]

3.9

coaxial cable
cable containing al lines, typically used for a matched connection of
associated eguip S asuring equipment or (test-)signal generator providing a
specified cf i ance and a specified maximum allowable cable transfer
impedane

3.10
common mode{asymmetrical) voltage

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

NOTE See also IEV 161-04-09.

3.1

common mode current

vector sum of the currents flowing through two or more conductors at a specified cross-section
of a "mathematical" plane intersected by these conductors

3.12
differential mode (symmetrical) voltage
RF disturbance voltage between the wires of a two conductor line

[IEV 161-04-08, modified] Documents
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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

3.14

unsymmetrical mode (V-terminal) voltage

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

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

b) the vector difference between the asymmetrical voltage and ha symmetrical

voltage.

NOTE See also IEV 161-04-13.

3.15
measuring receiver
receiver for the measurement of disturbances with differe

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

3.16

test configuration
combination that gives the specified m rrangenfent of the EUT in which an
emission level is measured

NOTE The emission and imm
03-14 and IEV 161-03-15, defi

by IEV 161-03-11, IEV 161-03-12, IEV 161-

3.17

artificial networ
e
agreed reference
extended power or,

3.18
AMN

frequency range, a specified load impedance for the measurement of disturbance voltages and
which may isolatexthe apparatus from the supply mains in that frequency range

[IEV 161-04-05]

NOTE There are two basic types of AMN, the V-network (V-AMN) which couples the unsymmetrical voltages, and
the delta-network which couples the symmetric and the asymmetric voltages separately. The terms line impedance
stabilization network (LISN) and V-AMN are used interchangeably. In this standard, the acronym “AMN” is used for
“V-AMN”, as delta-AMNs are not used in product publications on emission measurements.

3.19

weighting (quasi-peak detection)

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

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

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). Documents
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3.20

continuous disturbance

RF disturbance with a duration of more than 200 ms at the IF-output of a measuring receiver,
which causes a deflection on the meter of a measuring receiver in quasi-peak detection mode
which does not decrease immediately

[IEV 161-02-11, modified]

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

3.21

discontinuous disturbance
for counted clicks, disturbance with a duration of less than 200 ms at
measuring receiver, which causes a transient deflection on the meter of @
in quasi-peak detection mode

re_IF-output of a
\ring receiver

NOTE 1 For impulsive disturbance, see IEV 161-02-08.

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

3.22
measurement time

Ty,

effective, coherent time for a measurement res
called dwell time)

— for the peak detector, the effective i

— for the quasi-peak detector, the effective ti

— for the average deteg
— for the r.m.s. detegtor,

3.23
sweep g}
continuous frequeric

3.24
scan
continuous 0

3.25
sweep or scax

TS

time between start and stop frequencies of a sweep or scan

3.26

span

Af

difference between stop and start frequencies of a sweep or scan

3.27
sweep or scan rate
frequency span divided by the sweep or scan time

3.28

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

1/(sweep time + retrace time)

Documents
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3.29

observation time
TO

sum of measurement times T, on a certain frequency in case of multiple sweeps. If n is the

number of sweeps or scans, then T, =nx T,

3.30
total observation time

Tiot
effective time for an overview of the spectrum (either single or multiple sweeps). If ¢ is the

number of channels within a scan or sweep, then Ty, =cxnx T,

4 Types of disturbance to be measured

4.1 General

This clause describes the classification of different types of d ba detectors
appropriate for their measurement.

4.2 Types of disturbance

ggreeyof annoyance during the

For physical and psychophysical reasons, dependent gr p tral distribution, measuring
ancej distinctiof! i

types of disturbance:

a) narrowband continuous disturban
example, the fundamen

e dis on discrete frequencies as, for
nne ith the intentional application of RF
g aNfrequengy spectrum consisting only of individual
e bandwidth of the measuring receiver so
nto the bandwidth in contrast to b);

case of individua ingle) 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 16-1-1.

4.3 Detector functions

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

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

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

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

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

5 Connection of measuring equipment

5.1 General

This clause describes the connection of measuring equipment, measuring receivers and
ancillary equipment such as artificial networks (AN) and voltage and current probes.

5.2 Connection of ancillary equipment

The connecting cable between the measuring receiver and the ancillary/€quipment shall be
shielded and its characteristic impedance shall be matched to the input impedance of the
measuring receiver. The measurement result shall account for an of the
connecting cable.

The output of the ancillary equipment shall be terminated wit chbed\impedance. A
minimum attenuation of 10 dB between AN output and measuring re pu 's required in
order to fulfill the specified tolerance of the AN impedance at it ~port\This attenuation
may be incorporated in the AN. The use of a ftra i i mended for the

protection of the receiver input circuits. It shall be Mdesjg idey signals of maximum

shielded room, or with a i d 3 as short and as wide as practical (the
maximum length to wid i » i 1 and the inductance of which is less than

30 MHz). An in-situ | ts
recommended. T:’s i IpMoXind,e.g\ a ground strap resonance in the AN grounding.
th

NOTE A conductor
thickness ¢ = 0,02 ¢
excessive. The valug

ge L of approximately 210 nH (XL = 40 Q at 30 MHz), which is
g the following equation:

L is the inductance of the conductor in nH

1, b, c are the dimensions of the conductor in cm

If such a length cannot be avoided, the width must be as large as possible.

Terminal voltage measurements shall be referenced only to the reference ground. Ground

loops (common impedance coupling) shall be avoided. Ground loops will negatively affect
repeatability of measurement and can, e.g., be detected if grounded components of a test

setup are touch-sensitive. This should also be observed for measuring apparatus (e.g.,
measuring receivers and connected ancillary equipment, such as oscilloscopes, analyzers,
recorders, etc.) fitted with a protective earth conductor (PE) of protection class | equipment.

The measuring instrumentation shall be provided with RF isolation so that the AN has only one

RF connection to ground. This can be accomplished by RF chokes and isolation transformers,

or by powering the measuring apparatus from batteries. Figure 1 shows an e m&gments
recommended test setup with three AMNs and PE chokes for the avoidancz 07 gr
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In this figure, also the receiver RF connecting cable to the AMN can act as a ground
connection if the receiver is grounded. Therefore, either a PE choke is needed at the receiver
power input, or, if the receiver is outside a shielded room, a sheath current suppressor is
needed on the connecting cable. Each AMN is thus RF-grounded only once.

Sheath
current RGP
absorber J
— 1 EUT AMN 1 L
—C— AN PE
HH RGP PE
oo choke (
%
AuxEq1 AMN 2 A
RGP PE \
choke §
AN
L AuxEq2 AMN 3 N N\
= ' M/&—\
* Each AMN not connected chok
to meas. receiver to be /\
terminated with 50 Q A (\ \J\\J)\AL—

IEC 1599/08

The RF impedance o\u che
range should ke Righ cormpar

at nominal cu 6 A but they are not standardized in CISPR 16-1-2. The attenuation
can be tested in~accopdance with Annex E. Some AMNSs are available with built-in PE chokes.
The difference in potential between PE and RGP must be minimized to avoid saturation of PE
chokes from the resulting DC or low frequency current flowing through the chokes. If the
current is unknown, it may have to be measured.

NOTE Sheath currents are RF currents flowing on the shield of shielded (e.g., coaxial) cables, and are a source
of measurement uncertainty. Sheath current absorbers serve the purpose of reducing these currents.

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

Stationary test configurations of the AMN 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).

5.4 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. Documents
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6 General measurement requirements and conditions

6.1 General
Radio disturbance measurements shall, within the uncertainties allowed by CISPR 16-4-2, be:

e reproducible, i.e. independent of the measurement location and environmental conditions,
especially ambient noise;

o 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:

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

b) having a defined measuring set-up, termination and operating coxditip

c) in the case of voltage probe measurements on the supply tai hall have an
impedance of 1,5 kQ as specified in CISPR 16-1-2; for
impedance may need to be increased (as provided
excessive loading of high impedance circuits;

d) in the case of current probe measurements, the probe

e) when using a spectrum analyzer ¢

6.2 Disturbance not produced by
6.2.1 General

requirements. Should
the test report.

9 need to be applied, for example, reduce the bandwidth, apply
ambient cancgellation, ange frequency etc (Annex A of CISPR 16-2-3:2006 provides
recommendations_for>measurement of disturbances in the presence of ambient emissions).
The suitability of the’site for the permitted ambient level may be determined by measuring the
ambient noise level with the EUT in place but not operating.

6.3 Measurement of continuous disturbance
6.3.1 Narrowband continuous disturbance

The measuring receiver shall be kept tuned to the discrete frequency under investigation and
retuned if the frequency fluctuates.

6.3.2 Broadband continuous disturbance

For the assessment of broadband continuous disturbance the level of which is fluctuating, the
maximum reproducible measurement value shall be found. See 6.5.1 for further details.
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6.3.3 Use of spectrum analyzers and scanning receivers

Spectrum analyzers and scanning receivers are useful for disturbance measurements,
particularly in order to reduce measuring time. However, special consideration must be given
to certain characteristics of these instruments, which include: overload, linearity, selectivity,
normal response to pulses, frequency scan rate, signal interception, sensitivity, amplitude
accuracy and peak, average and quasi-peak detection. These characteristics are considered
in Annex B.

6.4 Operating conditions of the EUT

6.4.1 General

The EUT shall be operated under the following conditions:

6.4.2 Normal load conditions

The normal load conditions shall be as defined in the produg evant to the

EUT, and for EUTs not so covered, as indicated in the manufact

6.4.3 Duration of operation

The duration of operation (during which the emission\can be measuredy.ghall be, in the case of
EUTs with a given rated operating time, jin accord 2 wWith the, marking; in all other cases, the
time is not restricted.

6.4.4 Running-in/Warm-up time

No specific running-in/war i i i s_given, but the EUT shall be operated
for a sufficient period to \
temperature is reached, 3 ) Y i eted and EUT is ready to perform its
intended operation) are ica 3 ing

time” relates to EUJTs
may be prescrib

The EUT sha pply having the rated voltage of the EUT. EUTs with more
than one r§ted ™y be tested at the rated voltage which causes maximum

6.4.6 Mode of.operation

The EUT shall be operated under conditions of use intended by the manufacturer which cause
the maximum disturbance at the measurement frequency.

6.5 Interpretation of measuring results
6.5.1 Continuous disturbance

a) At each frequency for which the level of disturbance is close to the limit and not steady, the
reading on the measuring receiver is observed for at least 15 s for each measurement; the
highest readings shall be recorded. Some product standards allow the exclusion of
isolated clicks, which shall be ignored (e.g., CISPR 14-1).

b) If the general level of the disturbance is not steady, but shows a continuous rise or fall of
more than 2 dB in the 15 s period, then the disturbance voltage levels shall be observed
for a further period and the levels shall be interpreted according to the conditions of normal
use of the EUT, as follows:
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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;

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 récorded at least at
the frequency with maximum reading and as required by the relevant GISPR publication.

6.5.2 Discontinuous disturbance

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

6.5.3 Measurement of the duration of disturbances

disturbance can eithe

of the screen. Q

and scan rates.have\to take the timing of the emission under test into account. More detailed
guidance on the exegettion of automated measurements can be found in Clause 8.

6.6.2 Minimum measurement times
Subclause B.7 of this standard provides a table of minimum sweep times that are needed to

perform measurements over the indicated frequency range. From this table the following
minimum scan times were derived to perform measurements in the complete CISPR band:
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Table 1 — Minimum scan times for the three CISPR bands
with peak and quasi-peak detectors

Frequency band eak detection quash-peak defection
A 9 kHz — 150 kHz 14,15 2 820 s = 47 min
B 0,15 MHz — 30 MHz 2,985 s 5970 s = 99,5 min = 1 h 39 min
C/ID | 30 MHz - 1000 MHz 0,97 s 19400 s = 323,3 min = 5 h 23 min

The scan times in Table 1 apply for CW signals. Depending on the type of disturbance, the
scan time may have to be increased — especially for swept quasi-peak/Measurements. In

Most product standards call out quasi-peak detection for cgmy nts which is
very time consuming, if no time-saving procedures are_app ie \ 3 ore time-saving
procedures can be applied, the emission has to be d . order to ensure
that e.g. intermittent signals are not overlooked during ar , the considerations

6.6.3 Scan rates for scanning receivers a

One of two conditions need to be met s th gnhals are not missed during automatic
scans over frequency spans:

ghosen too fast for the given instrument state, erroneous
: . Therefore, a sufficiently long sweep time as defined
the selected frequency span. Intermittent signals may be
intercepted ithe inghe_ sweep with sufficient observation time at each frequency or by
multiple 3 W ' hold. Usually for an overview of unknown emissions, the latter

. {heobservation time has to be selected according to the periodicity at
which interfering~signals occur. In some cases, the sweep time may have to be varied in order
to avoid synchronization effects.

When determining the minimum sweep time for measurements with a spectrum analyzer or
scanning EMI receiver, based on a given instrument setting and using peak detection, two
different cases have to be distinguished. If the video bandwidth is selected to be wider than
the resolution bandwidth, the following expression can be used to calculate the minimum
sweep time:
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T min =(k><Af)/(Bres)2 (1)
where
Ts min is the minimum sweep time
Af is the frequency span
Bres is the resolution bandwidth
k is the constant of proportionality, related to the shape of the resolution filter; this constant
assumes a value between 2 and 3 for synchronously-tuned, near-Gaussien-filters. For nearly
rectangular, stagger-tuned filters, k has a value between 10 and 15.
NOTE Actual values of k are available from manufacturers. The actual valyé taken into

consideration in the coupled mode of the receiver or spectrum analyzer firmware.

If the video bandwidth is selected to be equal to or smaller thaw th idth, the
following expression can be used to calculate the minimum sweg :

Tsmin = (kXAf)/(Bres ><Bvideo) (2)
where B,4¢, is the video bandwidth
Most spectrum analyzers and scanning gally couple the sweep time to
the selected frequency span and the bandwidth ings. =ep time is adjusted to maintain a

S elegtion can be overwritten if longer
observation times are required, e.g. to\inte ing signals.

sweep time Tg iy @ng i [ veeded to retune the local oscillator and to store
the measuremenj~esu

6.6.4 Scan timeg

Stepping EMI ré
sizes. While

For the actual measyrement, a frequency step size of roughly 50 % or less of the resolution
bandwidth used™depgnding on the resolution filter shape) is required to reduce measurement
uncertainty for narrowband signals due to the stepwidth. Under these assumptions the scan

time Tg i, fOr a stepping receiver can be calculated using the following equation:

Ts min = Tmmin ><Af/(Bres XO’5) (3)

where T, min

is the minimum measurement (dwell) time at each frequency

In addition to the measurement time, some time has to be taken into consideration for the
synthesizer to switch to the next frequency and for the firmware to store the measurement
result, which in most measuring receivers is automatically done so that the selected
measurement time is the effective time for the measurement result. Furthermore, the selected
detector, e.g. peak or quasi-peak, determines this time period as well.

For purely broadband emissions, the frequency step size may be increased. In this case the
objective is to find the maxima of the emission spectrum only. Documents
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6.6.5 Strategies for obtaining a spectrum overview using the peak detector

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

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

— swept scan: the measurement time must be larger than the intervals between intermittent
signals (single sweep) and the number of frequency scans during the observation time
should be maximized to increase the probability of signal interception.
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T

p is the pulse-repetition interval of the impulsive signal. A pulse occurs at each vertical line of the spectrum-

vs.-time display (upper part of the figure).

Figure 2 — Measurement of a combination of a CW signal (“NB”) and an impulsive signal
(“BB”) using multiple sweeps with maximum hold

If the type of emission is unknown, multiple sweeps with the shortest possible sweep time and
peak detection allow the spectrum envelope to be determined. A short single sweep is
sufficient to measure the continuous narrowband signal content of the EUT spectrum. For
continuous broadband and intermittent narrowband signals, multiple sweeps at various scan
rates using a “maximum hold” function may be necessary to determine the spectrum envelope.
For low repetition impulsive signals, many sweeps will be necessary to fill up the_spectrum
envelope of the broadband component. bocuments

Document Sharing Hub

Full document details: CISPR 16-2-12008


http://avadocuments2026.com/doc/cispr-16-2-1-2008
http://avadocuments2026.com/doc/cispr-16-2-1-2008

CISPR 16-2-1 © IEC:2008 -21-

The reduction of measurement time requires a timing analysis of the signals to be measured.
This can be done either with a measuring receiver which provides a graphical signal display,
used in zero-span mode or using an oscilloscope connected to the receiver’s IF or video
output as e.g. shown in Figure 3.

90
dBuVv
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UL UL
i
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/
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¢ Mkr: 1ms 66,1 dBuVvV

measurement (dwell) time with the peak detector is >40 ms)
jure am

This way pulse durati » i equencies can be determined and scan rates
or dwell times s@ i
— for continuo

for the selected

nts the pulse repetition frequency is
%. Therefore for this example, the recommended

vband disturbances, the fastest scan time possible
may be used;

— for pure continyov d disturbances, e.g. from ignition motors, arc welding
equipment, Qtors, a stepped scan (with peak or even quasi-peak detection)

for sampling of\ige 5sioh spectrum may be used. In this case, the knowledge of the
typ NdIs used to draw a polyline curve as the spectrum envelope (see
Figure.4). The step size has to be chosen so that no significant variations in the spectrum

7 A single swept measurement — if performed slowly enough — will also

yield the spec envelope;

— for intermittent narrowband disturbances with unknown frequencies either fast short
sweeps involving a “maximum hold” function (see Figure 5) or a slow single sweep may be
used. A timing analysis may be required prior to the actual measurement to ensure proper
signal interception.

Intermittent broadband disturbances shall be measured with a disturbance analyzer that

complies with CISPR 16-1-1. For explanation of related measurement procedures see
CISPR 14-1.
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Stepped scan for spectrum sampling
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The measurement (dwell) time T, should be longe s ition ipterval Tp, which is the inverse of the

pulse repetition frequency.
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Figure 5 — Intermittent narrowband disturbances measured using fast short repetitive
sweeps with maximum hold function to obtain an overview of the emission spectrum
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NOTE In the example above, 5 sweeps are required until all spectral components are intercepted. The number of
sweeps required or the sweep time may have to be increased, depending on pulse duration and pulse repetition
interval.

7 Measurement of disturbances conducted along leads, 9 kHz to 30 MHz

71 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 disturbance: there are two methods of measuring conducted disturbances,
either as a voltage (prevailing method for CISPR measurements) as a“current. Both
methods can be used to measure the three types of conducted distufbances.i.e:

— common mode (also called asymmetrical mode, i.e. the vectdr suyrs jesleurrents
in bundle or group of wires);

— differential mode (also called symmetrical mode);

probes or voltage probes, is chos v he type of disturbance to be
cillary equipment presents RF loading

impedances to the dis s i UT. These impedances are standardized
f ’ it at the place of installation in the case of in

situ tests (see.7.3 .
e) the test con@ i T: a standardized test configuration shall specify the reference
ground, the posi

¢ is drawn between continuous and discontinuous disturbances.
Continuous radio-frequency disturbances are predominantly measured in terms of frequency
domain parameters. Discontinuous disturbances are also measured in terms of frequency
domain parameters but may need additional time domain measurements.

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

7.2.2 Use of detectors for conducted disturbance measurements

CISPR 16-1-1 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.
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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 C provides guidance on how these measurements may be performed efficiently.

7.3 Ancillary measuring equipment
7.31 General

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

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

applicable to ANs for emission measurements on telecommunication ports
CISPR 22.

b) current measuring sensors, such as current probes.
7.3.2 Artificial networks (AN)

7.3.2.1 General

time varying. Therefore, type testing
simulation networks, referred to as artifici

7.3.2.2 Types of artificia

The ANs specif »
construction. In genéra

AMN for powertines or as delta-network for signal lines): in a defined frequency range, the
RF impedance between a pair of EUT terminals to be measured and between these
terminals and the reference ground have defined value. This construction defines directly
both the differential and the common mode RF load impedances. Addition of a
balance/unbalance transformer makes it possible to measure the symmetric and
asymmetric disturbance voltage;

c) the Y-type AN (also called the asymmetric artificial network, AAN, or ISN): in a defined
frequency range, the common mode RF impedance between a pair of EUT terminals to be
measured and a reference ground has a defined value. In general, no defined differential
load impedance is included in a Y-type AN as such. The defined differential impedance
must then be provided by the external circuit connected to the supply (line) terminals of the
Y-type AN. This type of AN is used to measure common mode disturbance voltages only.

Documents

Document Sharing Hub

Full document details: CISPR 16-2-12008


http://avadocuments2026.com/doc/cispr-16-2-1-2008
http://avadocuments2026.com/doc/cispr-16-2-1-2008

CISPR 16-2-1 © IEC:2008 - 25—

7.3.3 Voltage probes

For standardized voltage probes, see CISPR 16-1-2.

Disturbance voltages on terminals which are not to be measured with an AN can be measured
with a voltage probe. Examples of such terminals are connecting jacks for antennas, control
lines, signal lines and load lines. In general the voltage probe is used to measure the
unsymmetrical disturbance voltage. The probe presents a high RF impedance between the
terminal to be measured and the reference ground.

The capacitive voltage probe (CVP) is used to measure the asymmetrical (common mode)
voltage of a number of conductors without making direct conductive contact. It is constructed
so that it can be clamped around the conductors to be measured. Clampjing~the CVP around
an individual conductor will allow the measurement of the unsymmetrical d nce voltage.

7.3.4 Current probes

amplitude.
For already defined (and

7.4 Equipment under tes

7.4.1 Arran

— either the bottoam 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 2 m by 2 m. This is physically
accomplished as follows:

— 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;

— all other conductive surfaces of the EUT shall be more than 40 cm away from the
reference groundplane;

— the ANs are placed on the floor as shown in Figure 6 in such a way that one side of the AN
housing is 40 cm from the vertical reference ground plane and other metallic parts. V-
networks (AMNs) and Y-networks (ISNs) are shown in Figure 6 and Figure 7.

— the EUT cable connections shall be as shown in Figure 6;

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

in Figure 8. ocuments
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NOTE The configuration in Figure 8 may cause an ambiguity due to the fact that with some EUTs, the metallic
interference source is not in the center of the nonmetallic housing (see CISPR 16-4-1).

Non-conductive table

Rear of EUT to be flush & |
with rear of table top 6
A
5 5 1 I
18] [e] 0,8m to
sole 0edq3 ground
} >V \k;!i—/\4 plane
AE e
! 0.8 1 Q
, m v
// \/
Aw' i Current probe
/'/
ISN L
r AMN
N 1 —0
]

roun e gpound plane

% IEC 1604/08

1 Interconnecting cables ground plane shall be folded back and forth forming
{n the middle between the ground plane and the table. The

a bundle 40 cm long or less, Jing i
minimum bend c a xceeded. If the bend radius causes the cable folds to exceed

L VN
Bonded to horizontal . \{/e} /
ground plane 0,4 m to verti er nc® nded to horizontal

\ Vertical reference
ground plane

40 cm, the bend radjds

2 shall be bundled in the centre. The end of the cable may be
ing impedance. The total length shall not exceed 1 m — if possible.
3 gasurement terminals of AMNs and ISNs must be terminated with 50 Q if not

4 Cables of hand-operated devices, such as keyboards, mouses, etc., shall be placed as close as possible to the
host.

5 Non-EUT components being tested.
6 Rear of EUT, including peripherals, shall all be aligned and flush with rear of table-top.

7 Rear of table-top shall be at a distance of 40 cm from a vertical conducting plane that is bonded to the floor
ground plane.

Tolerances of cable lengths and distances are as practical as possible.

Figure 6 — Test configuration: table-top equipment for conducted disturbance
measurements on power mains
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LV
«<—40cm—| EUT
- EUT <—80cm —— AMN
Table
80 om | Table
40 cm Ground
connection
AMN
— Ground
connection RGP RGP

Figure 7 — Arrangement of EUT and AMN at 40 cm distance with
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80 > 80

—— N ﬂ

IEC 1607/08

3 Excess powe . € orming a meander)

6 Measuring receiver
B Reference ground connection
M Measuring receiver input

P Power to EUT

Tolerances of cable lengths and distances are as practical as possible.

Figure 8 — Optional example test configuration for an EUT with only a power cord
attached

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 which shall not make metallic contact with the floor
support(s) of the EUT, but which shall make contact with intentional ground conductors of the
EUT. The metal floor may be used as the reference ground plane and shall extend at least 50
cm beyond the boundaries of the EUT and have minimum dimensions of 2 m by 2 m. For
examples of test configurations, see Figures 9 and 10. bocuments
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Use typical spacing
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Termination

7 Current probe

All other egqu

IEC 1608/08
beneath the gyound plane.
pment is powered from the second AMN.
Tolerances of cable lengths and distances are as practical as possible.
Figure 9 — Test configuration: floor-standing equipment (see 7.4.1 and 7.5.2.2)
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Non-conductive table

Rear of EUT to be flush
with rear of table top

Typical spacing

Bonded to horizontal v 7'y
reference ground plane

0,8m
2/992 ¢
T\ \\S ™
(\ Te!’mination
R A\
NN
N\
3 i o
3 . v i

0.1 N
1M Current probe ~.0,8m-

Bonded to horizontal .
reference ground plane”

\_)/ IEC 1609/08

4
lation

-3

\Vertical reference ground plane

forming a bundle 30 cm
and the table.

Figure 10 — Example Test configuration: floor-standing and table-top equipment
(see 7.4.1 and 7.5.2.2)

The AN is RF bonded to the reference groundplane by a low RF impedance connection (as
explained in 5.2).

NOTE The "low" RF impedance value should preferably be less than 10 Q at 30 MHz. This can, for example, be
achieved if the housing of the AN is mounted directly to the reference ground plane or its connection strap has a
length-to-width ratio not more than 3:1. Resonances in the AN grounding can be identified by an in-situ test of the
voltage division factor (see Annex E).

The EUT is arranged as shown in Figures 6 through 10. The reference distance between the
boundary of the EUT and the closest surface of the AN is 80 cm. A good approach for table-
top EUTs as in Figures 6 and 10 is the AN mounted in the groundplane — the front panel being
flush with the groundplane.
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The power mains leads to an AN and the connecting cable from the network to the measuring
receiver must be arranged in such a way that their locations do not influence the measurement
results. EUTs, which are not equipped with fixed connecting leads, are connected to the AN
with a 1 m long lead or as specified in the relevant equipment documentation. The 1 m length
is preferred as it gives a lower standard compliance uncertainty.

Unless the EUT has specific requirements for ground lead impedance, the following
instructions shall apply. If the EUT is to be connected to a reference ground, this shall be done
by means of a lead running parallel to the EUT mains lead and of the same length at a
distance of not more than 10 cm from it, unless a ground conductor is contained in the mains
lead itself. If a fixed lead is attached to the EUT it shall be 1 m long, or if in excess of 1 m, part
of the lead is folded back and forth in the shape of a meander between 30 cm and 40 cm in
length, and arranged in the form of a non-inductive serpentine in such a way that the total
length of the lead does not exceed 1 m (see also Figure 11). However, w
may influence the measurement results, a shortening of the length to

separate project.

7.4.2 Procedure for the measurement of unsymm 5 ¢ oitages
with V-networks (AMNSs)

7.4.21 General

current or voltage probes should be made.

i&und onnection

0/be grounded during its operation, or the
o0 contact with ground, the unsymmetric radio

ivé ground conductor and the ground connection of the
lent circuit in Figure 12).

For EUTs with more power and safety conductors or special ground connections, the
measurement re depends much on the termination conditions of the mains terminals and
the grounding conditions (refer also to 7.5 on measurement in systems).

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
ground, and moreover, since safety conductors need not be used on every product per IEC 60364-4,
disturbance voltage measurements on pluggable safety-class | appliances shall be carried out
according to 7.4.2.3, 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 a PE choke or impedance equal to the
network impedance of a V-network in the safety wire path.

Exceptions may be made for non-radiating or well-screened EUTs which have to be grounded
according to special requirements or instructions (see A.2.1 and A 4.1).
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| Filter ‘ | Filter ‘ Filter Filter See 5
| ! [
r [
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\ AN ‘ \ AN ‘ AN AN
T L__l_ L__,_ See 2
| |
| |
| | A
| | meWe iver
l 50Q ' 50 Q 50 Q
: loads | loads loads
I

80 cm

See 1

( 6 Interface cable(s)
to interconnected
N\
wipment
nder test

units — see 6
N

IEC 1610/08

The length of tK
coiled.

Optional filter hoqk-up; seplace with shorts if not used.

Interconnected units may be attached to a single AN via a power junction strip or box.
A table mounted or handheld EUT must be 40 cm from any grounded conducting surface of at least 2 m square

and at least 80 cm from any other conductive objects, including devices that are part of the system or
instrumentation.

Figure 11 — Schematic of disturbance voltage measurement configuration
(see also 7.5.2.2)
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1

2

3

4

5

A

Bo

Ly, Ly Power cord connection (100 cm)

P4, Py EUT plug to mains network

C, Stray capacitance within EUT to metallic parts

C, Stray capacitance of EUT to metallic wall (earth)
Ck Coupling capacitors within mains network
D, Inductor (PE choke) for safety ground wire
K Conductive structural parts of the EUT
L Inductance of connecting wires
M Fictitious mid-point of the internal common mode voltages
Rn Simulation resistances (50 Q or 150 Q)
Zg Symmetric internal resistance of EUT
Zyu Z3y  Common mode resistance of the EUT
Uiy, Uy,  Internal common mode voltage of the EUT
Uqo, Uyg External measurable common mode voltage
Figure 12 — Equivalent circuit for measurement of common mode disturbﬁnce
voltage for class | (grounded) EUT ocuments
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7.4.2.3 Arrangement of equipment without ground connection

Devices without ground connection comprise electrical devices with protective insulation
(safety-class Il) and devices which can be operated without ground or safety conductor (device
of safety-class Ill) and also pluggable safety-class | devices connected via an isolating
transformer. For these devices, the unsymmetrical disturbance voltage of the individual
conductors must be measured with respect to the metal reference ground of the measurement
arrangement as shown in the equivalent circuit of Figure 13.

Since in the long and medium wave bands (0,15 MHz to 2 MHz) the results of measurement
can be considerably influenced by the low series capacitance C, between the EUT and the
reference ground, and since it is determined by the specified distance, the arrangement must
be exactly followed and other external influence such as body and hapd capacitance, for
example, should be avoided.

I 3 /\<\

.

o

L

|
o

Ck Ck—
UzoﬂRN RN $U1 0

ic for power and measurement circuit

- IEC 1613/08

- i
* I

U1o¢ RN

i |

. | . Bo

Uon RN
P I
¢ I

Figure 13b — Equivalent RFI source and measurement circuit

NOTE Refer to Figure 12 for symbols.

Figure 13 — Equivalent circuit for measurement of common mode disturbance
voltage for class Il (ungrounded) EUT
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7.4.2.4 Arrangement of handheld equipment without a ground connection

Measurements shall first be made in accordance with 7.4.2.3. Additional measurements shall
then be made using the artificial hand described in CISPR 16-1-2.

The general principle to be followed in the application of the artificial hand is shown in
Figure 15. Terminal M of the RC element shall be connected to any exposed non-rotating
metal work and to metal foil wrapped around all handles, both fixed and detachable, supplied
with the EUT. Metalwork which is covered with paint or lacquer is considered as exposed
metalwork and shall be directly connected to the RC element.

The artificial hand shall consist of metal foil wrapped around the case, or part thereof, as
specified below. The foil shall be connected to one terminal (terminal RC element
(see Figure 14) consisting of a capacitor of 220 pF £ 20 % in series with a res 0Q=+10 %;
the other terminal of the RC element shall be connected to the groud of the
measuring system.

The artificial hand is to be applied in the following way:

a) when the case of the EUT is entirely of metal, no meta

material and a higher emission level is obtained.
The metal ;@ e metal foil round the handles B and D and the
metal foil on Qnnected together and to the terminal M of the RC
element;

d) when the E
~ igure 16), metal foil shall be wrapped around the handles A
and B. etal foi nd B and the metal body C shall be connected together and to
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1 N

220 pF 20 %

510 Q +20 %

Metal foil wrapped around
case in front of iron core of
motor stator or gearbox

IEC 1615/08

C 1616/08

Figure 14 — RC element for ctric drill

artificial hand

Metal foil wrapped

round handle . Metal foil wrapped

/round handle

Insulated
handle

A and B: handles of insulating material

IEC 1617/08

Figure 16 — Portable electric saw with artificial hand
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7.4.2.5 Arrangement 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 7.4.2.4.

7.4.2.6 Arrangement 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 and the AN for
measurement of the disturbance voltage. The line between the devicg A the emission
suppression device must be placed in the direct proximity of the test obje&t

7.4.2.7 Arrangement of equipment having auxiliary equipme . ed at
the end of a lead other than the mains lead

NOTE 1 Regulating controls incorporating semiconductor devices Adre
provisions of 7.4.4.1 shall apply.

latter case the shieldeqd leaq is“connected™at both)ends to the metal housing of the EUT and
that of the AuxEq. Leg it ' nd sockets are considered to be extendable to

disturbance;

b) if an EUT having an AuxEq is grounded, no artificial hand shall be connected. If the EUT
itself is made to be held in the hand, the artificial hand shall be connected to the EUT and
not to any AuxEq;

c) if the EUT is not made to be held in the hand, AuxEq which is not grounded and is made to
be held in the hand must be connected to the artificial hand. If the AuxEq is not made to be
held in the hand either, it shall be placed in relation to a grounded conducting surface as
described in 7.4.1.

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

7.4.3 Measurement of common mode voltages at differential mode signal terminals
7.4.31 General
Generally, the measurement of disturbance voltages using ANs is the preferred CISPR

measurement method. If e.g., an AN causes the EUT not to work, then measurements with
current or capacitive voltage probes should be made.

7.4.3.2 Measurement using the delta-type network

The common mode disturbance voltage at the terminals for differentialxgode signal lines of
telecommunication, data processing and other equipment is measuredkwith delta-nstworks in
accordance of CISPR 16-1-2, in the frequency range 150 kHz to 3Q -
specified in CISPR 16-1-2 could be constructed so as to allow sj

needed for the proper functioning of the EUT as long as the reg
and common mode impedances of CISPR 16-1-2 are compli

measurements shall be carried out
provisions prescribed in 7.4.1 and 7.4.2

., in CISPR 22) called impedance stabilization networks (ISN).

In contras -network which provides a differential mode and a common mode
termination imulation impedances of 150 Q, the Y-network provides only a
common mode termimation of 150 Q and with the communication line terminated with its
characteristic impedance and a differential to common mode rejection characteristic of the
telecommunication network to which the EUT is intended to be connected.

At the supply side of the Y-type network a signal simulator, load circuits for d.c. or the
operational signal frequency of the EUT or other circuits needed for the operation of the EUT
can be connected. These circuits shall either themselves provide a differential mode RF
resistance of 100 Q to 150 Q, as required for the particular EUT, or with a termination to
provide this resistance. When no external circuit is specified for the operation of the EUT a
resistor of 150 Q shall be connected as differential mode RF termination to the Y-type network.
If no suitable Y-network is available, the telecommunication port is terminated with auxiliary
equipment.

When an EUT with telecommunication port is to be measured on its power supply terminals

using an AMN, the disturbance voltage measurements shall be carried out with AMN

connected to the power port and Y-network connected to the telecommunication port

simultaneously or with the associated equipment directly connected to the EUTgFi
Ddtliments
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shows the measurement arrangement with AMNs and Y-networks (ISNs). The provisions
prescribed in 7.4.1 and 7.4.2 shall be observed.

74.4 Measurements using voltage probes
7.4.4.1 With an AMN

In order to test devices and systems with several connected or connectable lines, the
disturbance voltage at the line connections, which cannot be measured with AMN (e.g. for
connecting lines between parts of components which are separated from the mains) as well as
the connecting jacks for antennas, control and load lines, must be measured with a voltage
probe (see 7.3.3) with a high input impedance (1 500 Q or more) to ensure that the lines are
not loaded by the probe.

measuring receiver via a coaxial cable, the screen of
reference and the case of the voltage probe. No conpecti
case to live parts of the EUT.

If the measuring receiver is connected
50 Q.
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1 For mains measurements
2 For load measurements
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Isolating
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NOTE 1 The ground of the measuring receiver |

erted in one lead only of the supply, measurements are
made by connecting the second su as indi d in Figure 18.

W Load terminals

\ Regulating

control

L
L

[ ) [ ) Load

To remote component
IEC 1619/08

Figure 18 — Measurement arrangement for two-terminal regulating controls

7.4.4.2 Without an AMN

During testing of EUTs which are not to be measured with AMNs, the disturbance voltage is
measured across a defined simulation resistance (e.g., artificial fence simulation in
CISPR 14-1 or under open-circuit conditions with an exactly defined arrangement and line
layout taking into consideration the specifications of 7.4.1). The disturbance voltage is
measured with a high-impedance voltage probe.
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This is valid also for e.g., power electronic devices which are fed from their own separate
power supplies or battery devices to which separately installed lines are connected which are
not to be loaded.

In the case of disturbance voltage measurements on separate individual power sources for
currents of more than 25 A (e.g., battery, generator, converter), an impedance measurement
must be applied to ascertain that the tolerance of the simulated resistance, in accordance with
CISPR 16-1-2 is not exceeded.

The flexible ground connection for probes with an input impedance Ry of more than 1 500 Q
should not be longer than 1/10 of the wave-length at the maximum measurement frequency
and shall be connected in the shortest possible way to the metal surface serving as reference
ground. In order to avoid additional capacitive loading of the test point by/the ssreening of the
probe, the tip of the probe should not exceed a length of approximatel\3 ¢ e screened

7.4.43 AMN as a voltage probe

used as a voltage probe. The EUT port of the AMN i
the EUT (single or three phase).

Prior to connecting an AMN to the
physical earth PE.

WARNING: Before disconnecting the
supply. The mains port of the

a voltage probe, the pins on the AMN power i ; ,
supply voltage. The pi made gafe with an insulated protective cover

or other means.

In the frequency range he supply lines of the EUT shall be connected

to the mains vig™an o 50 uH (see Figure A.8, configuration 2). The
inductance ma a line of 50 m length or a transformer. In the
frequency range 0 a greater inductance will normally be required for
decoupling from {he . This guararitees also a reduction of noise from the mains network
(see A.5).

\\
voltage/pro N\ be used for in situ tests and where practical current limitations are
exceededh sl i ed for testing according to a product standard unless it is referred
to in the product standard as an alternative measuring method.

7.4.5 Measurement using a capacitive voltage probe (CVP)

Disturbance voltage measurements on unshielded signal and telecommunication cables with
more than 4 symmetrical pairs can be made using a CVP. The measurement can be combined
with a current probe measurement to measure disturbance voltage and current simultaneously.
The disadvantage of this method is a lack of isolation between the EUT and the actual network
or simulator.

The CVP body shall be bonded to the reference ground plane using a ground connection as
short as possible.

7.4.6 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 AN. This is particularly true when tests are
performed on installed systems, or where the EUT has very high currents. A seconﬁe@ 0 ﬁ)j
the use of the current probe is that at the lower end of the frequency range él& ents
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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.

Current probes shall conform to the requirements of CISPR 16-1-2.

Current probes enable the direct measurement of the 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 differenti
disturbance current components is measured. If, in this case, any exir
operating current exists, there is a risk of false data because the mag
probe may saturate.

7.5 System test configuration for conducted emissio
7.51 General approach to system measurements

The general objective of defining a system for conducted emission

measurements has the following key pgin

— defining a configuration which is ea
— decoupling of lines not b inevbeing measured;

— arrangement of

measuremen
— duplicating r €

ing measured, where practical. Each wire of a multi-wire power
rough an AMN. Each AN shall be terminated with a 50 Q

For some measurements, relevant product publications may state a specific load to be used
together with load voltage probes, instead of an AMN. A voltage probe may also be used for
conducted measurements when the mains current is above 50 A and an appropriate AMN is
not available. In this latter case test results with an AMN will take precedence over the results
with a voltage probe, however.

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

7.5.2 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 SDBEU ments
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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.
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. The separation
between different units shall be 10 cm, unless this is not possible due to their construction.
Then the units should be placed as closely together as possible (greater than 10 cm) and the
setup shall be documented in the test report. Three types are distinguished. First, there are
systems normally used entirely on one table-top, see e.g., Figure 6. A segond\type of system
consists of equipment normally used in a floor-standing configuration. ese inclyde systems
mounted over a specially designed raised floor which facilitates intra-gs¢ i

the table-top configuration.

7.5.21 Operating conditions

If the system in

unless the product’'py

characters per screen is displayed,;

f) for a monitor that has no graphics capabilities, regardless of the video card used, a pattern
consisting of random text shall be displayed;

g) for a monitor with graphics capabilities, even though another video card may be needed to
accomplish a graphic display, a pattern consisting of a line of scrolling Hs should be
displayed;

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

7.5.2.2 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 6, 9, 10 and 11 describe standardized
test set-ups which will provide a basis for reproducibility 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 rationaleDocuments
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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 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 for use with only 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 j e user manual
should be used throughout the tests. Excessive lengths of cable shall be fslded into a

If shielded or special cables are used during the tests to achievé
must be included in the test report and in the instruction me \ eed to use
those types of cables.

pickup, connecting lines (ground and
twisted.

from the system. Mg
telecommunicati or

afge systems);
ds representing a typical installation.

en one or more cables were added. Additional ports on support units,
interfacing units ok sitmulators, other than those associated with the system or the minimum
required system, need not be connected or used during testing.

7.5.2.3 Mains connection

If the system is an assembly of equipment each having its own power cords, the point of
connection for the AMNSs is determined from the following rules:

a) each power cord which terminates in a mains supply plug of a standard design (IEC/TR
60083, for example) shall be tested separately;

b) power cords or terminals which are not specified by the manufacturer to be connected via
a host unit shall be tested separately;

c) power cords or field wiring terminals which are specified by the manufacturer to be
connected to a host unit or other power-supplying equipment shall be connected to that
host unit or other power-supplying equipment, and the terminals or cords of that host unit
or other power-supplying equipment are connected to the AMNs and tested;
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