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1

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-6: Testing and measurement techniques —
Immunity to conducted disturbances,
induced by radio-frequency fields

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organizati
all national electrotechnical committees (IEC National Committees).
international co-operation on all questions concerning standardization in

In order to promote international ommittees undertake to apply IEC Publications
transparently to the maximum\extent ipessible_i ational and regional publications. Any divergence
between any IEC Public AN e cogresponding national or regional publication shall be clearly indicated in
the latter.

other damage of a A\na whaie
expensgs™arising \Qut of the publication, use of, or reliance upon, this IEC Publication or any other IEC

indispensable foxthe cogrect application of this publication.

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 IEC 61000-4-6 has been prepared by subcommittee 77B: High-
frequency phenomena, of IEC technical committee 77: Electromagnetic compatibility.

This standard forms part 4-6 of IEC 61000. 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.

This consolidated version of IEC 61000-4-6 is based on the second edition (2003) [documents
77B/377/FDIS and 77B/384/RVD] and its amendment 1 (2004) [documents 77B/426/FDIS and
77B/431/RVD].

It bears the edition number 2.1.
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A vertical line in the margin shows where the base publication has been modified by
amendment 1.

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

The committee has decided that the contents of the base publication and its amendments will
remain unchanged until the maintenance result 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* withdrawn,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.

@%
S
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INTRODUCTION
IEC 61000 is published in separate parts according to the following structure:

Part 1: General

General considerations (introduction, fundamental principles)
Definitions, terminology

Part 2: Environment

Description of the environment
Classification of the environment
Compatibility levels

Part 3: Limits

Emission limits

Immunity limits (in so far as they do not fall under the
committees)

Part 4: Testing and measurement techniques

Measurement techniques
Testing techniques

Part 5: Installation and mitigation gu'del@

Installation guidelines
Mitigation methods

Part 6: Generic@d

This part is an international standard which gives immunity requirements and test procedure
related to conducted disturbances induced by radio-frequency fields.
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ELECTROMAGNETIC COMPATIBILITY (EMC) —
Part 4-6: Testing and measurement techniques —

Immunity to conducted disturbances,
induced by radio-frequency fields

1 Scope and object

This part of IEC 61000-4 relates to the conducted immunity requwe ents of electrical and

electronic equment to electromagnetic disturbances coming from j

conducted disturbances are not adequately exact for the quantita e
defined are structured for the primary objective of establishing A 8 bility o esults at various facilities
for quantitative analysis of effects.

The object of this standard is to estab nmon rfe evaluating the functional
immunity of electrical and electronic™e S en subjéctgd to conducted disturbances
induced by radio-frequency fields. The\{est mented in this part of IEC 61000
describes a consistent method to asseSs the i of an equipment or system against a

standard should be applied )\ if dpplied, are responsible for determining the appropriate test levels
and performance criteria. T ¢ ittees are prepared to co-operate with product committees in the

evaluation of the va@pa

3 Definitions

For the purpose of this part of IEC 61000, the definitions given in IEC 60050(161) as well as
the following definitions apply.

3.1

artificial hand

electrical network simulating the impedance of the human body under average operational
conditions between a hand-held electrical appliance and earth

[IEV 161-04-27]

NOTE The construction should be in accordance with CISPR 16-1.
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3.2

auxiliary equipment

AE

equipment necessary to provide the equipment under test (EUT) with the signals required for
normal operation and equipment to verify the performance of the EUT

3.3
clamp injection
clamp injection is obtained by means of a clamp-on “current” injecting device on the cable:

— current clamp: a transformer, the secondary winding of which consists of the cable into
which the injection is made;

— electromagnetic clamp (EM clamp): injection device with comkh apacitive and

inductive coupling

34
common-mode impedance
ratio of the common mode voltage and the common-mode cut

NOTE This common mode impedance can be determined by applying i ANMQA™ ode)voltage between the
terminal(s) or screen of that port and a reference plane (poin i 3 mode current is then
measured as the vectorial sum of all currents flowing through thé (see also Figures 8a and
8b).

3.5
coupling factor
ratio given by the open-circuit voltage

generator

3.6
coupling network

electrical circuit fof\ra
NOTE Coupling an !

or they can be in separatg

3.7

coupling/de¢oup

CDN

electric iNinGorporating the functions of both the coupling and decoupling networks
3.8

decoupling network
electrical circuit for preventing test signals applied to the EUT from affecting other devices,
equipment or systems that are not under test

3.9

test generator

generator (RF generator, modulation source, attenuators, broadband power amplifier and
filters) capable of generating the required test signal (see Figure 3)
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3.10

electromotive force

e.m.f.

voltage at the terminals of the ideal voltage source in the representation of an active element

[IEV 131-01-38:1978]

3.1

measurement result

Umr . .
voltage reading of the measurement equipment

3.12
voltage standing wave ratio
VSWR

in-going and outgoing leads (e.g. maj jcati ihterface cables) behave as

passive receiving antenna networks because af th ich can be several wavelengths.
Between those cable networks, the ent is exposed to currents flowing
“through" the equipment. 5y annected\to”an equipment are assumed to be in

decoupling devices haw 5 S dance of 150 Q with respect to a ground
reference plane. Where poéssikle t E is tested by connecting it between two 150 Q
common-mode i ions; oviding an RF source and the other providing a

return path for the

fields, simulating those mintentional RF transmitters. These disturbing fields (E and
H) are approximated\ b otric and magnetic near-fields resulting from the voltages and

time, while keeping alDother cables non-excited, see Figure 2b, can only approximate the real
situation where disturbing sources act on all cables simultaneously, with a range of different
amplitudes and phases.

Coupling and decoupling devices are defined by their characteristics given in 6.2. Any coupling
and decoupling device fulfilling these characteristics can be used. The coupling and decoupling
networks in Annex D are only examples of commercially available networks.
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5 Testlevels

No tests are required for induced disturbances caused by electromagnetic fields coming from
intentional RF transmitters in the frequency range 9 kHz to 150 kHz.

Table 1 — Test levels

Frequency range 150 kHz — 80 MHz

Voltage level (e.m.f.)

Level Uo Uo
dB(uV) Vv (\
N
1 120 ;\< O

z AN

Xa

& Xis an open level.

are given in Table 1. The test levels are set at t he coupling devices, see 6.4.1
For testing of equipment, this signal js 89 with a 1 kHz sine wave to
simulate actual threats. The effective axpli wn in Figure 4. Guidance for

NOTE 1 IEC 61000-4-3 also defines test
equment against radiated elec O agnetl en

e C|es above 80 MHz. Product committees may
z (see Annex B).

amplitude modulated by a 1 kHz sine wave with a modulation depth of 80 %. They shall
have manual control (e.g., frequency, amplitude, modulation index) or in the case of RF
synthesizers, they shall be programmable with frequency-dependent step sizes and dwell
times;

— attenuator, T1, (typically O dB ... 40 dB) of adequate frequency rating to control the
disturbing test source output level. T1 may be included in the RF generator and is optional,

— RF switch, S1, by which the disturbing test signal can be switched on and off when
measuring the immunity of the EUT. S1 may be included in the RF generator and is
optional;

— broadband power amplifier(s), PA, may be necessary to amplify the signal if the output
power of the RF generator is insufficient;
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— low-pass filters (LPF), and/or high-pass filters (HPF) may be necessary to avoid
interference caused by (higher order or sub-) harmonics with some types of EUT, for
example RF receivers. When required they shall be inserted in between the broadband
power amplifier, PA, and the attenuator T2;

— attenuator, T2, (fixed = 6 dB, Zo = 50 Q), with sufficient power ratings. T2 is provided to
reduce the mismatch from the power amplifier to the network.

NOTE T2 may be included in a coupling and decoupling network and can be left out if the output impedance of the
broadband power amplifier remains within the specification under any load condition.

Characteristics of the test generator with and without modulation are given in Table 2.

Table 2 — Characteristics of the test generator

Output impedance 50 Q /\\ ~
Harmonics and distortion any spurious spectral Jifie Il benat
least 15 dB below the &arriey leyel

Amplitude modulation

Output level suffj |en hig er test level
(se als nex

6.2 Coupling and decoupling devices

The coupling and decoupi Jevi combined into one box (a coupling/ decoupling
network, CDN) ) irts. The main coupling and decoupling device
parameter, the c i C e seen at the EUT-port, is specified in Table 3.

The preferred co

and protection of #they are not suitable or ava|lable other injection methods

can be used he appropriate injection method are given below and in 7.1.
Tabl ameter of the combination of the coupling and decoupling device
> Frequency band
Parameter 0,15 MHz - 26 MHz 26 MHz — 80 MHz
[Zcel 150 Q £ 20 Q 150 Q +60Q —45Q

NOTE 1 Neither the argument of Zce nor the decoupling factor between the EUT port and the AE port are specified
separately. These factors are embodied in the requirement that the tolerance of |Z¢| shall be met with the AE-port
open or short-circuited to the ground reference plane.

NOTE 2 When clamp injection methods are used, without complying with the common-mode impedance
requirements for the auxiliary equipment, the requirements of Z.c may not be met. However, the injection clamps
can provide acceptable test results when the guidance of 7.4 is followed.
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6.2.1 Coupling/decoupling networks (CDNs)

These networks comprise the coupling and decoupling circuits in one box and can be used for
specific unscreened cables e.g. CDN-M1, CDN-M2, CDN-M3, CDN-T2, CDN-T4, CDN-AF-2,
see Annex D. Typical concepts of the coupling and the decoupling networks are given in
Figures 5¢ and 5d. The networks shall not unduly affect the functional signals. Constraints on
such effects may be specified in the product standards.

6.2.1.1 CDNs for power supply lines

Coupling/decoupling networks are recommended for all power supply connections. However, for
high power (current =16 A) and/or complex supply systems (multi-phase or various parallel
supply voltages) other injection methods may be selected.

current.

If in real installations the supply wires eparate CDN-M1 coupling and

decoupling networks shall be used and™all i ated separately.

If the EUT is provided with other earth for RF purposes or high leakage

currents), they shall be conpected to the

— through the CDN- specification of the EUT permit. In this
case, the (power) supply

M1 network

— when the ch sti ification of the EUT do not permit the presence of a CDN-
shall be directly ¢

6.2.1.2 CDNSs for unscreened balanced lines

For coupling and decoupling disturbing signals to an unscreened cable with balanced lines, a
CDN-T2, CDN-T4 or CDN-T8 shall be used as coupling and decoupling network. Figures D.4,
D.5 and D.6 in Annex D show these possibilities:

— CDN-T2 for a cable with 1 symmetrical pair (2 wires);

— CDN-T4 for a cable with 2 symmetrical pairs (4 wires);

— CDN-T8 for a cable with 4 symmetrical pairs (8 wires).
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