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INTERNATIONAL ELECTROTECHNICAL COMMISSION
INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 2-2: Methods of measurement of disturbances and immunity —
Measurement of disturbance power

FOREWORD

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

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

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

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

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

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

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

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

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

International Standard CISPR 16-2-2 has been prepared by CISPR subcommittee A: Radio-
interference measurements and statistical methods, in cooperation with CISPR subcommittee
D: Electromagnetic disturbances related to electric/electronic equipment on vehicles and
internal combustion engine powered devices.

This second edition cancels and replaces the first edition (2003), its Amendment 1 (2004) and
Amendment 2 (2005). It constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition: provisions for the use of spectrum analyzers for compliance measurements (Annex D)
and the use of FFT-based test instrumentation (Clauses 3, 6 and 8) are now included.

Documents

Document Sharing Hub

Full document details: CISPR 16-2-2 2010


http://avadocuments2026.com/doc/cispr-16-2-2-2010
http://avadocuments2026.com/doc/cispr-16-2-2-2010

-6- CISPR 16-2-2 © IEC:2010

It has the status of a basic EMC publication in accordance with IEC Guide 107,
Electromagnetic compatibility — Guide to the drafting of electromagnetic compatibility
publications.

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

CDV Report on voting
CISPR/A/877/CDV CISPR/A/896/RVC

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

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

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or
+ amended.

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

Part 2-2: Methods of measurement of disturbances and immunity —
Measurement of disturbance power

1 Scope

This part of CISPR 16 specifies the methods of measurement of disturbance power using the
absorbing clamp in the frequency range 30 MHz to 1 000 MHz.

NOTE In accordance with IEC Guide 107, CISPR 16-2-2 is a basic EMC publication for use by product
committees of the IEC. As stated in Guide 107, product committees are responsible for determining the
applicability of the EMC standard. CISPR and its sub-committees are prepared to co-operate with product
committees in the determination of the value of particular EMC tests for specific products.

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

CISPR 16-1-1:2010, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 1-1: Radio disturbance and immunity measuring apparatus — Measuring
apparatus

CISPR 16-1-3:2004, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 1-3: Radio disturbance and immunity measuring apparatus — Ancillary
equipment — Disturbance power

CISPR 16-1-4, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 1-4: Radio disturbance and immunity measuring apparatus — Antennas and
test sites for radiated disturbance measurements

CISPR 16-4-2, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 4-2: Uncertainties, statistics and limit modelling — Uncertainty in EMC
measurements

IEC 60050-161:1990, International Electrotechnical Vocabulary (IEV) - Part 161:
Electromagnetic compatibility

3 Terms and definitions

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

3.1

absorbing clamp measurement method

ACMM

method for measurement of disturbance power of an equipment under test (EUT) by using an
absorbing clamp device that is clamped around the lead(s) of the EUT
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3.2

absorbing clamp test site

ACTS

test site that is validated to perform disturbance power measurements by using the absorbing
clamp measurement method (ACMM)

3.3

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

3.4

clamp factor

CF

FC

ratio of the disturbance power of an EUT to the received voltage at the output of the absorbing
clamp

NOTE The clamp factor is a transducer factor of the absorbing clamp.

3.5

clamp reference point

CRP

indication on the outside of the absorbing clamp that is related to the longitudinal position of
the front edge of the current transformer within the clamp and is used to define the horizontal
position of the clamp during the measurement

3.6

coaxial cable

cable containing one or more coaxial lines, typically used for a matched connection of ancillary
equipment to the measuring equipment or (test-)signal generator providing a specified
characteristic impedance and a specified maximum allowable cable transfer impedance

3.7

common mode (asymmetrical) disturbance 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 IEC 60050-161, 161-04-09.

3.8

common mode current

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

3.9

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

[IEC 60050-161, 161-02-11, modified]
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3.10

discontinuous disturbance

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

NOTE For impulsive disturbance, see IEC 60050-161, 161-02-08.

3.1
(electromagnetic) emission
the phenomenon by which electromagnetic energy emanates from a source

[IEC 60050-161, 161-01-08]

3.12
emission limit (from a disturbing source)
the specified maximum emission level of a source of electromagnetic disturbance

[IEC 60050-161, 161-03-12]

3.13
EUT
equipment (devices, appliances and systems) subjected to EMC (emission) compliance tests

3.14

lead under test

LUT

lead, associated with an EUT, that is the subject of an emission or an immunity test

NOTE In general, an EUT may have one or more leads that are used for interconnections to the mains supply, or
other networks, or for interconnection to auxiliary equipment. These leads are generally electrical cables such as
mains cables, coaxial cables, data bus cables, etc.

3.15

measurement

process of experimentally obtaining one or more quantity values that can reasonably be
attributed to a quantity

[2.1 of ISO/IEC Guide 99] [6]1

3.16
measurement, scan and sweep times

3.16.1
measurement time

I

effective, coherent time for a measurement result at a single frequency (in some areas also
called dwell time)
— for the peak detector, the effective time to detect the maximum of the signal envelope,

— for the quasi-peak detector, the effective time to measure the maximum of the weighted
envelope,

— for the average detector, the effective time to average the signal envelope,
— for the r.m.s. detector, the effective time to determine the r.m.s. of the signal envelope

1 Numbers in square brackets refer to the Bibliography. Documents
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3.16.2
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, =n x T,

3.16.3
scan
continuous or stepped frequency variation over a given frequency span

3.16.4
span
Af

difference between stop and start frequencies of a sweep or scan

3.16.5
sweep
continuous frequency variation over a given frequency span

3.16.6

sweep rate

scan rate

frequency span divided by the sweep or scan time

3.16.7

sweep time

scan time

TS

time between start and stop frequencies of a sweep or scan

3.16.8
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 T, =c¢ xn x T,

3.17
measuring receiver
instrument such as a tunable voltmeter, an EMI receiver, a spectrum analyzer or an FFT-

based measuring instrument, with or without preselection, that meets the relevant clauses of
CISPR 16-1-1

NOTE See Annex | of CISPR 16-1-1 for further information.

3.18

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

1/(sweep time + retrace time)

3.19

product publication

publication specifying EMC requirements for a product or product family, taking into account
specific aspects of such a product or product family
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3.20

slide reference point

SRP

end of the clamp slide where the EUT is located and which is used to define the horizontal
distance to the clamp reference point (CRP) of the absorbing clamp during the measurement
procedure

3.21

test

technical operation that consists of the determination of one or more characteristics of a given
product, process or service according to a specified procedure

NOTE A test is carried out to measure or classify a characteristic or a property of an item by applying to the item
a set of environmental and operating conditions and/or requirements.

[IEC 60050-151, 151-16-13] [5]

3.22

test configuration

combination that gives the specified measurement arrangement of the EUT in which an
emission level is measured

3.23

weighting (of e.g. impulsive disturbance)

pulse-repetition-frequency (PRF) dependent conversion (mostly reduction) of a peak-detected
impulse voltage level to an indication that corresponds to the interference effect on radio
reception

NOTE 1 For the analogue receiver, the psychophysical annoyance of the interference is a subjective quantity
(audible or visual, usually not a certain number of misunderstandings of a spoken text).

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

3.231
weighted disturbance measurement
measurement of disturbance using a weighting detector

3.23.2

weighting characteristic

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

3.23.3
weighting detector
detector that provides an agreed weighting function

3.23.4
weighting factor
value of the weighting function relative to a reference PRF or relative to the peak value

NOTE Weighting factor is expressed in dB.
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3.23.5

weighting function

weighting curve

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

4 Types of disturbance to be measured

4.1 General

This clause describes the classification of different types of disturbance and the detectors
appropriate for their measurement.

4.2 Types of disturbance

For physical and psychophysical reasons, dependent on the spectral distribution, measuring
receiver bandwidth, the duration, rate of occurrence, and degree of annoyance during the
assessment and measurement of radio disturbance, distinction is made between the following
types of disturbance:

a) narrowband continuous disturbance, i.e. disturbance on discrete frequencies as, for
example, the fundamentals and harmonics generated with the intentional application of RF
energy with ISM equipment, constituting a frequency spectrum consisting only of individual
spectral lines whose separation is greater than the bandwidth of the measuring receiver so
that during the measurement only one line falls into the bandwidth in contrast to b);

b) broadband continuous disturbance that normally is unintentionally produced by the
repeated impulses of, for example, commutator motors, and that has a repetition frequency
that is lower than the bandwidth of the measuring receiver so that during the measurement
more than one spectral line falls into the bandwidth; and

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

The frequency spectra of b) and c) are characterized by having a continuous spectrum in the
case of individual (single) impulses and a discontinuous spectrum in case of repeated
impulses, both spectra being characterized by having a frequency range that 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) an rms-average detector provided for the weighted measurement of broadband disturbance
for the assessment of the effect of impulsive disturbance to digital radio communication
services but also useable for narrowband disturbance;

d) a peak detector that may be used for either broadband or narrowband disturbance
measurement.

Measuring receivers incorporating these detectors are specified in CISPR 16-1-1.
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5 Connection of measuring equipment

5.1 General

This subclause describes the connection of measuring equipment, measuring receivers and
ancillary equipment.

5.2 Connection of ancillary equipment

The connecting cable between the measuring receiver and the ancillary equipment (absorbing
clamp) shall be shielded and its characteristic impedance shall be matched to the input
impedance of the measuring receiver.

6 General measurement requirements and conditions

6.1 General

Radio disturbance measurements shall be:

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:

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

— having a defined measuring set-up, termination and operating conditions of the EUT.
6.2 Disturbance not produced by the equipment under test
6.2.1 General

The measurement signal-to-noise ratio with respect to ambient noise shall meet the following
requirements. Should the ambient noise level exceed the required level, it shall be recorded in
the test report.

6.2.2 Compliance testing

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

In the case of compliance measurement according to a limit, the ambient noise level is
permitted to exceed the preferred —6 dB level provided that the level of both ambient noise and
source emanation combined does not exceed the specified limit. The EUT is then considered
to meet the limit. Other actions can also be taken; for example, reducing the bandwidth for
narrowband signals.

6.3 Measurement of continuous disturbance
6.3.1 Narrowband continuous disturbance

The measuring set shall be kept tuned to the discrete frequency under investigation and
returned if the frequency fluctuates.
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6.3.2 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 6.5.1 for further details.

6.3.3 Use of spectrum analyzers and scanning receivers

Spectrum analyzers and scanning receivers are useful for disturbance measurements,
particularly in order to reduce measuring time. However, special consideration shall be given
to certain characteristics of these instruments, which include: overload, linearity, selectivity,
normal response to pulses, frequency scan rate, signal interception, sensitivity, amplitude
accuracy and peak, average, rms-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 product specification relevant to the
EUT, and for EUTs not so covered, as indicated in the manufacturer's instructions.

6.4.3 The time of operation

The time of operation shall be, in the case of EUTs with a given rated operating time, in
accordance with the marking; in all other cases, the time is not restricted.

6.4.4 Running-in time

No specific running-in time, prior to testing, is given, but the EUT shall be operated for a
sufficient period to ensure that the modes and conditions of operation are typical of those
during the life of the equipment. For some EUTs, special test conditions may be prescribed in
the relevant equipment publications.

6.4.5 Supply

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

6.4.6 Mode of operation

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

6.5 Interpretation of measuring results

6.5.1 Continuous disturbance

a) If the level of disturbance is not steady, the reading on the measuring receiver is observed
for at least 15 s for each measurement; the highest readings shall be recorded, with the
exception of any isolated clicks, which shall be ignored (see 4.2 of CISPR 14-1 [2]).

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
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1) if the EUT is one that 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 that 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.
6.5.2 Discontinuous disturbance

There is currently no requirement for disturbance power measurement of discontinuous
disturbances.

6.5.3 Measurement of the duration of disturbances

The duration of a disturbance has to be known in order to measure it correctly and to
determine if it is discontinuous. The duration of a disturbance may be measured in one of the
following ways:

e through the connection of an oscilloscope to a measuring receiver’s IF output to allow
monitoring of the disturbance in the time-domain;

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

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

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

6.6 Measurement times and scan rates for continuous disturbance
6.6.1 General

For both manual measurements and automated or semi-automated measurements, measure-
ment times and scan rates of measuring and scanning receivers shall be set so as to measure
the maximum emission. Especially where a peak detector is used for prescans, the
measurement times and scan rates have to take the timing of the emission under test into
account. More detailed guidance on the execution of automated measurements can be found
in Clause 8.

6.6.2 Minimum measurement times

The minimum measurement (dwell) times are given in Table 1. The minimum measurement
(dwell) times for scanning receivers and FFT-based measuring instruments in Table 1, and the
scan times for spectrum analyzers in Table 2, apply to CW signals. The minimum scan times
in Table 2 were derived to perform measurements in the entire CISPR band.
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Table 1 — Minimum measurement times for the four CISPR bands

Minimum
measurement time T,

Frequency band

A 9 kHz to 150 kHz 10,00 ms
B 0,15 MHz to 30 MHz 0,50 ms
Cand D | 30 MHz to 1 000 MHz 0,06 ms
E 1 GHz to 18 GHz 0,01 ms

Table 2 — Minimum scan times for the three CISPR bands
with peak and quasi-peak detectors

Frequency band

Scan time T for
peak detection

Scan time T for
quasi-peak detection

A 9 kHz to 150 kHz 14,1s 2 820 s = 47 min
B 0,15 MHz to 30 MHz 2,985 s 5970 s =99,5 min =1 h 39 min
CandD 30 MHz to 1 000 MHz 0,97 s 19 400 s = 323,3 min = 5 h 23 min

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
6.5.1). However isolated clicks are excluded.

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

Most product standards call out quasi-peak detection for compliance measurements that is
very time consuming if no time-saving procedures are applied (see Clause 8). 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 overlooked during an automatic scan, the
considerations in 6.6.3 to 6.6.5 shall be taken into account.

6.6.3 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:

a) for a single sweep - the measurement time at each frequency shall be larger than the
intervals between pulses for intermittent signals; or

b) for multiple sweeps with maximum hold — the observation time at each frequency should
be sufficient for intercepting intermittent signals.

The frequency scan rate is limited by the instrument’s resolution bandwidth and the video
bandwidth setting. If the scan rate is chosen too fast for the given instrument state, erroneous
measurement results will be obtained. Therefore, a sufficiently long sweep time needs to be
chosen for the selected frequency span. Intermittent signals may be intercepted by either a
single sweep with sufficient observation time at each frequency or by multiple sweeps with
maximum hold. Usually for an overview over unknown emissions, the latter will be highly
efficient: as long as the spectrum display changes, intermittent signals may still be discovered.
The observation 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
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the resolution bandwidth, the following expression can be used to calculate the minimum

sweep time:
kAf
Tsmin = S (1)
res
where
Ts min  is the minimum sweep time;
Af is the frequency span;
Bies is the resolution bandwidth; and
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-Gaussian filters. For nearly rectangular, stagger-tuned filters, & has a
value between 10 and 15.

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

kAf
Tsmin = ————— (2)
s Bres Byideo
where B,4q0 is the video bandwidth.

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

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

6.6.4 Scan times for stepping receivers

Stepping EMI receivers are consecutively tuned to single frequencies using predefined step
sizes. While covering the frequency range of interest in discrete frequency steps, a minimum
dwell time at each frequency is required for the instrument to accurately measure the input
signal.

For the actual measurement, a frequency step size of roughly 50 % of the resolution bandwidth
used or less (depending on the resolution filter shape) is required to reduce measurement
uncertainty for narrowband signals due to the stepwidth. Under these assumptions the scan
time Ts min for a stepping receiver can be calculated using the following equation:

Af
Tsmin = Tmmip ————
smin mmin B,—es 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, t

detector, e.g. peak or quasi-peak, determines this time period as well. Bé%ijﬁqents
Document Sharing Hub

Full document details: CISPR 16-2-2 2010


http://avadocuments2026.com/doc/cispr-16-2-2-2010
http://avadocuments2026.com/doc/cispr-16-2-2-2010

- 18 — CISPR 16-2-2 © IEC:2010

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.

6.6.5 Strategies for 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 equal to 100 % or as close to 100 % as possible. Depending on
the type of measuring receiver and the characteristics of the disturbance that may contain
narrowband and broadband elements, two general approaches are proposed:

e 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.

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

Figures 1, 2 and 3 show examples of the relationship between various time-varying emission
spectra and the corresponding display on a measuring receiver. In each case the upper part
of the figure shows the position of the receiver bandwidth as it either sweeps or steps through
the spectrum.

Repetitive sweeps with maximum hold

v

<—§1st sw:eep—P <—§—2nd sweiap—» <—3rd sweep;—b <—§4th'sweep§—> <E—5th éweep—é—»

Spectrum

‘ | ||| |I|V|| |I||||; R

tf
IEC 1830/10

T, is the pulse-repetition interval of the impulsive signal. A pulse occurs at each vertical line of the spectrum-
versus-time display (upper part of the figure).

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

If the type of emission is unknown, multiple sweeps with the shortest possible sweep time and
peak detection allow determination of the spectrum envelope. 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.
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For low repetition impulsive signals, many sweeps will be necessary to fill up the spectrum
envelope of the broadband component.

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

Figure 2 — Example of a timing analysis

This way pulse durations and pulse repetition frequencies can be determined and scan rates
or dwell times selected accordingly:

e for continuous unmodulated narrowband disturbances the fastest scan time possible for
the selected instrument settings may be used,;

e for pure continuous broadband disturbances, e.g. from ignition motors, arc welding
equipment, and collector motors, a stepped scan (with peak or even quasi-peak detection)
for sampling of the emission spectrum may be used. In this case the knowledge of the type
of disturbance is used to draw a polyline curve as the spectrum envelope (see Figure 3).
The step size has to be chosen so that no significant variations in the spectrum envelope
are missed. A single swept measurement — if performed slowly enough — will also yield
the spectrum envelope;

e for intermittent narrowband disturbances with unknown frequencies either fast short
sweeps involving a “maximum hold” function (see Figure 4) or a slow single sweep may be
used. A timing analysis may be required prior to the actual measurement to ensure proper
signal interception.
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f Stepped scan for spectrum sampling
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Figure 3 — A broadband spectrum measured with a stepped receiver

The measurement (dwell) time 7, should be longer than the pulse repetition interval T, which
is the inverse of the pulse repetition frequency.
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NOTE In this example five 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.

Figure 4 — Intermittent narrowband disturbances measured using fast short repetitive
sweeps with maximum hold function to obtain an overview of the emission stfatrum
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Intermittent broadband disturbances shall be measured with discontinuous disturbance
analysis procedures, as described in CISPR 16-1-1.

6.6.6 Timing considerations using FFT-based instruments

FFT-based measuring instruments may combine the parallel calculation at N frequencies and
a stepped scan. For this purpose the frequency range of interest is subdivided into a number
of segments Ny, that are scanned sequentially. The procedure is shown in Figure 5 for three
segments. The total scan time for the frequency range of interest T, is calculated as:

TSC&I’I = Tm Nseg (4)
where

T is the measurement time for each segment, and

Nseg is the number of segments.

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

Hence the first calculation over the given frequency range considers the following frequencies:

fmin’

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

The second calculation over the given frequency range considers the following frequencies:
fmin +fstep final

fmin +fstep final +fstep FFT:

fmin +fstep final T 2fstep FFT:

fmin +fstep final T 3fstep FFT---

This procedure, applied for a step ratio of 3, is displayed on Figure 6. The scan time Ty, is
calculated as:

T =T fstep FFT

scan — 'm (5)
fstepfinal

where

T is the measurement time and

fstep FFT . .

—— —— is the step ratio.

fstep final
For a system that combines both methods the scan time Ty, is calculated as:

JstepreT
Tscan = TmNseg — (6)
step fina Documents
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NOTE 1 FFT-based measuring instruments may combine both methods, the stepped scan, as well as a method to
improve the frequency resolution.

NOTE 2 Additional background information is in preparation for CISPR 16-32 [4].
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Figure 5 — FFT scan in segments

2 Anew CISPR/TR 16-3 is to be published to replace CISPR 16-3:2003 and its Amendments 1 and Documents
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Figure 6 — Frequency resolution enhanced
by FFT-based measuring instrument

7 Measurements using the absorbing clamp

71 Introduction to ACMM

For small EUTs connected only by one mains lead, or another type of lead, the absorbing
clamp measurement method (ACMM) offers an alternative to the radiated emission
measurement method. The ACMM determines the disturbance power by using an absorbing
clamp. The advantages of the ACMM with respect to the radiated emission test are mainly the
reduced measurement time and reduced cost of the test site.

The basis of the ACMM is the recognition that radiated emissions from electrically small
equipment (see 7.2.3) can primarily be attributed to common mode currents flowing on e.g. the
mains lead attached to the equipment. The disturbance potential of an EUT having one
external lead may be taken as the power it could supply to its lead acting as a radiating
antenna. This power is assumed to be nearly equal to that supplied by the EUT to the
absorbing clamp placed around the lead under test (LUT) at the position where the measured
common mode current is maximum. An exact model of the ACMM is not available. This makes
the uncertainty considerations and the comparison between the radiated emission
measurement method and the ACMM difficult. The historical background of the absorbing
clamp is described in detail in Annex A.

This clause establishes the general requirements for the measurement of disturbance power
produced at the leads of a EUT. For specific products, more specific measurement procedures
and operating conditions may be necessary. The limitations of the ACMM are stated in 7.2.
The calibration and validation methods related to the ACMM are given in Clause 4 of
CISPR 16-1-3. Measurement instrumentation uncertainty considerations on the ACMM are

described in CISPR 16-4-2. Documents

Document Sharing Hub

Full document details: CISPR 16-2-2 2010


http://avadocuments2026.com/doc/cispr-16-2-2-2010
http://avadocuments2026.com/doc/cispr-16-2-2-2010

—24 - CISPR 16-2-2 © IEC:2010

7.2 Application of the absorbing clamp measurement method
7.21 General

The applicability (scope) of this ACMM is limited. The applicability of the ACMM for certain
categories of products shall be decided by the product committees, by taking into account the
limitations given in the following subclauses. The precise measuring procedure and its
applicability has to be specified for each category of products in the product standard.

7.2.2 Frequency range

The ACMM as described in this clause may be applied to measure the disturbance power of an
EUT between 30 MHz and 1 000 MHz.

7.2.3 EUT unit dimensions

The EUT unit is the housing of the EUT without its connecting leads. The ACMM is most
accurate for EUT units having dimensions typically smaller than a quarter of a wavelength of
the highest measured frequency and with one or more leads as the main source of disturbance
radiation. If the dimensions of the EUT unit approach a quarter of a wavelength of the highest
measuring frequency, then direct radiation of the EUT unit may occur. Then, the ACMM may
not be suitable to assess the full radiation properties 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 ACMM is
applicable to both tabletop and floor standing EUTs.

7.24 LUT requirements

Initially, the ACMM is applied for EUTs with a single mains lead (see Annex A). When the EUT
has external leads other than a mains lead, also those leads can radiate disturbances. These
auxiliary leads may be connected to an auxiliary unit. The ACMM can also be used to measure
these leads. The disturbance contribution of such auxiliary leads connected to auxiliary
apparatus depends on the length of the auxiliary lead with respect to the wavelength. If length
of the auxiliary lead is larger than half a wavelength of the highest measurement frequency,
then the contribution of this auxiliary lead shall be taken into account in the measurement
procedure. Product standards shall give specific information on the treatment of auxiliary leads
(like extension of these leads), the set-up of these auxiliary leads and auxiliary apparatus in
order to enable reproducibility of the disturbance measurement.

If the auxiliary lead is permanently attached to the appliance and to the auxiliary apparatus,
and if the length of the auxiliary lead is less than a half wavelength at the highest frequency,
then measurements are not to be made on these leads.

7.3 Requirements for measurements instrumentation and test site
7.31 General

A schematic drawing of the ACMM is given in Figure 7. The following requirements apply for
the various parts of the instrumentation and for the test site.

7.3.2 Measuring receiver
The measuring receiver shall comply with the requirements of CISPR 16-1-1. When using

spectrum analyzers or scanning receivers, the recommendations given in Annex B shall be
considered.

7.3.3 Absorbing clamp assembly

The absorbing clamp assembly consists of the following parts:
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a) absorbing clamp (includes internally the current transformer and absorbers along the LUT
and measurement cable; see Figure 7);

b) 6-dB attenuator;
c) measurement cable.

The absorbing clamp assembly shall comply with the requirements given in Clause 4 of
CISPR 16-1-3. The clamp factor (F) of this absorbing clamp assembly shall be determined in
accordance with the measurement procedure given in Clause 4 of CISPR 16-1-3. Also the
decoupling factors of the absorbing clamp assembly shall be checked in accordance with the
measurement procedures given in Clause 4 of CISPR 16-1-3.

The clamp reference point (CRP) indicates the longitudinal position of the front edge of the
current transformer within the clamp. This reference point is used to define the position of the
clamp during the measurement procedure. The CRP shall be indicated on the outside housing
of the absorbing clamp.

Measurement
receiver

Absorber @
(ferrite rings) 6 dB attenuator ®

/ Coaxial measurement cable

Clamp reference
point (CRP)
_______ 1
EUT I
| | ,
I i |
Absorbing clamp moved over
lead under test to obtain max. s Isolation
teesatld under Current Reading on receiver i itransformer
transformer Absgrbgr ‘ (optionally)
(ferrite rings) :
Mains

Absorbing clamp connection

IEC 1836/10

NOTE 1 The 6-dB attenuator and the measurement cable are integral parts of the absorbing clamp and should be
calibrated together.

NOTE 2 The 6-dB attenuator may be located inside the absorbing clamp unit.

Figure 7 — Schematic drawing of the absorbing clamp measurement method

7.3.4 Absorbing clamp test site requirements

The absorbing clamp test site (ACTS) is a site that is used for application of the ACMM. The
ACTS is specified in detail in Clause 4 of CISPR 16-1-3, and its performance shall be
validated in accordance with the procedure given in CISPR 16-1-3. The ACTS can be either an
outdoor or indoor facility and includes the following elements (Figure 8):

e a non-metallic table for support of the EUT unit;

e the clamp slide to support the LUT and the absorbing clamp;

e a moveable support or hook system for the absorbing clamp measurement cable; and

e an auxiliary means such as a rope to move the absorbing clamp.

The above ACTS elements shall be included in the ACTS validation procedure.

The near end of the clamp slide (at the side of the EUT) is denoted as the slide reference
point (SRP, see Figure 8). This SRP is used to define the horizontal distance to the CRP.
Some of the requirements for the above mentioned elements of the ACTS that are specified in
detail in Clause 4 of CISPR 16-1-3 are repeated below for convenience. Documents
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a) The length of the clamp slide shall ensure that the absorbing clamp can be moved over
such a distance that the maximum disturbance power is measured at the lowest frequency
of 30 MHz. The length of the clamp slide shall be (6 £ 0,05) m.

NOTE In theory, the length of the clamp slide is determined by the sum of the theoretical maximum scanning
length (over a half wavelength = 5 m at 30 MHz), the distance between the SRP and the CRP
(0,1 m), and the length of the absorbing clamp (0,7 m) and a margin to accommodate lead fixtures at the end
(0,1 m). This gives a total length of 5,9 m for the clamp slide. For reproducibility reasons, the length of clamp
slide is fixed to 6 m (and not minimally 6 m).

b) The scanning distance of the absorbing clamp shall be 5 m. Consequently, the CRP shall
move between 0,1 m and 5,1 m from the SRP.

c) The height of the clamp slide shall be 0,8 m = 0,05 m for both tabletop and floor standing
EUTs. Consequently, the height of the LUT shall be nearly 0,8 m above the floor of the
site. It should be noted that within the absorbing clamp, the height of the LUT above the
floor will be a few centimetres more.

d) The EUT table, the clamp slide and the auxiliary means (rope) shall be non-reflecting, non-
conducting and the dielectric properties shall be close to the dielectric properties of air. In
this way, these items (EUT table, clamp slide and other auxiliary means close to the EUT
and LUT) are electromagnetically transparent (neutral). In addition to material properties,
the material (thickness and construction) is of importance as well. Typically, dry wood is an
adequate material for the construction of the EUT table and the clamp slide between
30 MHz and 300 MHz.

7.4 Ambient requirements

The ambient noise level present at the ACTS shall comply with the requirements given in 6.2.

The ambient disturbance power shall be evaluated in accordance with 7.8.1. The ambient
noise level shall be at least 6 dB below the applicable limit.

7.5 EUT leads requirements
7.51 General

The disturbance power shall be measured for each of the leads (see also 7.2.4), one at a time.
The measurement procedure is given in 7.8. The requirements for the leads are as follows.

7.5.2 Lead under test

The length of the lead under test (LUT) shall be at least a half-wavelength at the lowest
frequency of measurement, plus an additional length to connect the lead to a mains
connection on the floor. This means that the lead length shall be typically at least 7,5 m.

NOTE 1 The lead length is determined by the minimum length of the clamp slide 6 m + 1 m (drop of the LUT to
floor) + 0,5 m margin = 7,5 m. Additional length may be required for the LUT section between the EUT and the
clamp reference point.

NOTE 2 In general, the original leads connected to the EUT are much shorter than 7,5 m, and the lead should be
extended or completely replaced by a lead of the required length and of the same type and construction as the
original lead of the EUT. Extension of leads is generally not practical, because in general the extension plugs will
not pass through the absorbing clamp.

NOTE 3 The type of low voltage distribution may differ in different countries, and test laboratories may have
different mains network topologies or different mains connection philosophies. For certain EUTs, the disturbance
properties may depend very much on the type of mains connection. The mains connection may be asymmetric
(phase to ground) or symmetric (using an isolation transformer). This may be the reason for significant
reproducibility problems. It is noted here that these ‘mains-connection induced’ reproducibility problems are
generic, and are not specific to the ACMM. The reproducibility problem can be evaluated by connection of the
mains through an isolating transformer.
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7.5.3 Leads not under test

If the EUT has more than one lead (see 7.2.4), the leads that are not subject to measurement
(including the connected auxiliary apparatus) shall be removed if operationally possible, at the
time when another lead is measured. A lead that cannot be removed shall be isolated by
means of a common-mode absorbing device (CMAD). A CMAD may consist of a number of
lossy ferrite rings or another absorbing device put around the lead immediately adjacent to the
housing of the EUT. The isolated leads shall be positioned near the EUT on the EUT table.
The performance requirements for ferrite clamp type CMADs are given in CISPR 16-1-4.

7.6 Test set-up requirements
7.6.1 General
The following general requirements for the test set-up apply:

a) the test set-up of the EUT and the LUT on the ACTS are shown in Figures 8 and 9;

b) the distance between the clamp test set-up (EUT, LUT, clamp) and any objects (including
persons, walls and ceiling, but floor excluded) shall be at least 0,8 m;

c) the configuration of the ACTS shall be the same as during the ACTS performance
validation.
7.6.2 EUT set-up

The set-up of the EUT shall comply with the following requirements:

a) the EUT shall be placed on a support table. The height of the table shall be
0,8 m £ 0,05 m for table top EUTs. The support for equipment designed for use primarily
on a floor, shall be (0,1 + 0,01) m high;

b) the EUT shall be positioned on the EUT table in its normal operating position as far as
possible. The LUT shall run directly towards the SRP of the clamp slide. In case a normal

position is not defined, the EUT shall be positioned such that its LUT runs directly towards
the clamp slide. The distance from EUT unit to the SRP shall be as short as possible.

NOTE For certain types of products like a washing machine or a coffee maker, the normal operating position
is obvious. However, for products like a hairdryer or a drill, this is less obvious and the EUT will just be laid on
the table. The importance of this subclause is to enhance the reproducibility of the test. Product committees
may decide to give specific guidance to assure reproducible positioning of the EUT.
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Figure 8 — Side view of the absorbing clamp measurement set-up for table top EUTs
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Figure 9 — Side view of the absorbing clamp measurement set-up
for floor standing EUTs

7.6.3 LUT set-up

The LUT is positioned horizontally straight above the clamp slide, to permit variation of the
position of the absorbing clamp along the lead to find the maximum reading. Outside the
absorbing clamp, the height of the LUT above the floor shall be as close to 0,8 m abpossible.
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