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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

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

FOREWORD
1) The JEC (International Electrotechnical Commission) is a worldwide organization fgr st i mprising
all rlational electrotechnical committees (IEC National Committees). The objé e is Mo [promote

interhational cooperation on all questions concerning standardisation in the ele ields. To
this |[end and in addition to other activities, the IEC publishes Internatigna ration is
entrysted to technical committees; any IEC National Committee inter ith may

participate in this preparatory work. International, governmental and.no govern anizationq liaising
with| the IEC also participate in this preparation. The IEC cg national

Standardization Organization (ISO) in accordance with conditions de the two
orgahizations.

2) The |formal decisions or agreements of the IEC on techpical /T nearly as posgible, an
interhational consensus of opinion on the relevant subjects since ANi dmmittee has repredentation
from|all interested National Committees.

3) The |documents produced have the form <of resomfpendat{ons AQr™i tehal use published in the|form of

stanflards, technical specifications,
Comjmittees in that sense.

ey are accepted by the [National

4) In ofder to promote international unificatioh, IEC_Natioga Com |ttees undertake to apply IEC Intefnational
Stanldards transparently to the maximum) exte 3 ds. Any
divergence between the IEC 3 I clearly
indidated in the latter.

5) The |IEC provides no mpaxki 9 inch i i for any
equipment declared to b MmN i

6) Attention is dra
of patent rights.

subject

Interngtional ' S i ;| High-
frequepcy phenomensa shni

This standard\ form IEC 61000. It has the status of a basic EMC publication in
accordarce ide 107, Electromagnetic compatibility — Guide to the drafting of
electrgm woatibili icati

This sg¢cond edition~cdncels and replaces the first edition published in 1996 and its amenpdment
1 (2009)<{and constitutes a technical revision.

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

FDIS Report on voting
77B/377/FDIS 77B/384/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of the base publication and its amendment will
remain unchanged until 2006. 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)

Def

Part 2:

initions, terminology

Environment

[ il : 4
De pLTTPUOTT U1 T TTIVITOTITICTIU

C

Compatibility levels

Part 3

E
Im

Part 4

Mepsurement techniques

Tesgting techniques

Part 5

dssification of the environment

Installation and mitigation gu'del'@
Installation guidelines

Limits

ission limits

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

Testing and measurement techniques

Mitjgation methods
Part 6 Generic@d
Part 9] Miscellaneqt
Each gart is fu ards or
as technical & C nlcal reports, some of which have already been published as
sections,/O second
numbelr identify 0g
This part is-an in cedure
related to’cenducted 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 pprt of IEC 61000-4 relates to the conducted immunity requwe ehts of slectrig

electronic equment to electromagnetic disturbances coming from j

the equiipment to the disturbing RF fields is excluded.

al and
jquency
t least

i [couple

NOTE 1| Test methods are defined in this part for measuring the effect/tha ,|linduced
by elecfromagnetic radiation, have on the equipment concerned. The S|m ati asurement )f these
conducted disturbances are not adequately exact for the quantitafive de o methods
defined pre structured for the primary objective of establishing facilities
for quanitative analysis of effects.

The object of this standard is to esta oN rfe evaluating the functional
immunifity of electrical and electronic™e c en\Subjected to conducted disturbances
induced by radio-frequency fields. The\{est mepted in this part of IEC|(61000
descries a consistent method to asseSs the immy of an equipment or system agpinst a
defined phenomenon. %

NOTE 2 i i ide ™07/ thi i C publtcation for use by product committees of the IEC.
As also ptated in Guide 107, the ¥ e esponsible for determining whether this immunity test
standard should be applied , 8 if dpplied, are rgsponsible for determining the appropriate tept levels
and performance criteria. T{ ittee bs in the

evaluati

2 Nc

The fo
dated [
the ref

IEC 6
magneti

nt. For
tion of

Flectro-

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

3.3
clamp

operation and equipment to verify the performance of the EUT

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

h: btk Ho fon ta maodo:
wner—the meotoTT IS TITaducTy

— ele
ind

3.4
comm
ratio o
NOTE
terminal

measurg
8b).

3.5

coupling factor

ratio g
decouy
generg

3.6

coupling network

electriq

NOTE
or they

3.7

tromagnetic clamp (EM clamp): injection device with comh
Lictive coupling

bn-mode impedance
the common mode voltage and the common-mode cut

This common mode impedance can be determined by applying a~uni on~odeyvoltage bety
s) or screen of that port and a reference plane (poin

d as the vectorial sum of all currents flowing through thg al(§)y oK screeR (see also Figure

ven by the open-circuit voltage ed at the EUT port of the couplin

tor

al circuit fef\ra one circuit to another with a defined impeda
Coupling an g

an be in separatg

iategrated into one box (coupling and decoupling network

coupling/de¢oupli

CDN
electriq

3.8
decou

pling network

e and

een the
is then
t 8a and

g (and

obtained at the output of the test

nce
(CDN))

electriq

al\circuit for preventing test signals applied to the EUT from affecting other d

Bvices,

equip

3.9

ent or systeis thatare notumndertest

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]

3.11

measurement result

Umr . .
voltage reading of the measurement equipment

3.12
voltage standing wave ratio
VSWR
ratio of a maximum to an adjacent minimum voltage magnitude along

4 General

The squrce of disturbance covered by this part of |
field, ¢goming from intended RF transmitters, that /may
connegted to installed equipment. The dimensiop

part of|a larger system, are assumed to’be sma

hgnetic
cables
a sub-
d. The

in-goinlg and outgoing leads (e.g. mé&j (cati i ihterface cables) behpve as
passive receiving antenna networks because af th ich can be several wavelg¢ngths.
Betweé¢n those cable networks, flowing
“through" the equipment. be in
resongnt mode (A/4, A/2 O ng and
decoupling devices h ground
referenjce plane 150 Q
comma@n-mode i iding a
return path for the

This tgst meth hgnetic
fields, pimulating those mintentional RF transmitters. These disturbing fields |(E and
H) are|approximated\ by the ctric and magnetic near-fields resulting from the voltages and

currents caus o-test set<up as shown in Figure 2a.

The uge of coupling and™decoupling devices to apply the disturbing signal to one cablg at the

time, while keeping alpother cables non-excited, see Figure 2b, can only approximate t
bing sources act on all cables simultaneously, with a range of d

situatign where dist
amplitydes’and phases.

ne real
fferent

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.)

Lml Ug Uo

<

dB(uV)

~

1 120 <

>_x

A

Q)

2 130 3\

3 140 N\

e

x? Spec/ial\\ \\\

0

2 Xis an open level. \ \ \\ >

N

The open-circuit test levels (e.m.f.) of the unmodulated(disturb , expressed in
are givlen in Table 1. The test levels are set at th he coupling devices, seq
For testing of equipment, this signal ig 8 with a 1 kHz sine W
simulaje actual threats. The effective axplitude ioqQ i wn in Figure 4. Guida

selectipng test levels is given in Annex C.

NOTE 1 IEC 61000-4-3 also defines test

equipmgnt against radiated electromagnetic_enexgy. sque ies above 80 MHz. Product committ

decide tp choose a lower or higfler thansjfion freg 0 z (see Annex B).
NOTE 2| Product committe

6 Tegst equip@t

6.1 Test generateo

The tep v S sguipment and components for supplying the input port ¢

couplin i exdisturbing signal at the required signal level at

typical]a G i ises the following items which may be separate or integrat

one orim

- RF
amplitude modu
haye.manual control (e.g., frequency, amplitude, modulation index)

ted by a 1 kHz sine wave with a modulation depth of 80 %. The

or in the case

r.m.s.,
6.4.1.
ave to
nce for

ectronic
bes may

f each
oint. A
ed into

being
y shall
of RF

synihesizers, they shall be programmable with frequency-dependent siep sizes and dwell

times;

— attenuator, T1, (typically 0 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.

F ¥

Output impedance 50 Q /\\ ~

Harmonics and distortion any spurious spectral Jifie Il benat
least 15 dB below the tarrier level

Amplitude modulation

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

6.2 Coupling and decoupling devices

Couplipg and decoupling devices shall be i i i ind signal
(over the entire frequency range, with a i i bort) to
the vafious cables connectg d.fo [ [ fecting
other devices, equipment '

The cqupling and decoupling, device i i i bupling
network, CDN) [ device
parameter, the ¢

The prgferred co upling’devices are the CDNs, for reasons of test reproducibility
and protection of i#'they are not suitable or available, other injection methods
can be he appropriate injection method are given below and in|7.1.

Tah|l i ameter of the combination of the coupling and decoupling deyice
\ > Frequency band
Parameter 0,15 MHz - 26 MHz 26 MHz — 80 MHz

+

I~
=4

D

O 4. 20 .0 150 0O L 0. 0O 45 0O
SZ-EZ U2 oY o o

NOTE 1 Neither the argument of Z¢e 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¢e| 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.,. 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 ppwer (current >16 A) and/or complex supply systems (multi-phase or various parallel

supply|voltages) other injection methods may be selected.

The digturbing signal shall be coupled to the supply lines, using tyge
CDN-M2 (two wires) or CDN-M3 (three wires), or equivalent netwokrks
networks can be defined for a 3-phase mains system. The couplj i

The pe¢rformance of the CDN shall not be unduly degrad 3 [ hgnetic

material due to current taken by the EUT. Wherever possihle should
ensureg that the magnetising effect of the forward curpént is Ca return
current.

If in refal installations the supply wireg”are indi patate CDN-M1 coupling and

decoupling networks shall be used and™s ated separately.

If the [EUT is provided with other earth minals for RF purposes or high I¢akage

curren g plane:

— thr act specification of the EUT permit. |In this
cag ( | hrodgh the CDN-M3 network;

- wh st secifiGation of the EUT do not permit the presence of § CDN-
M1 ies minal for RF or other reasons, the earth t¢rminal

shg d reference plane. In this case the CDN-M3 nletwork
shg etwork to prevent an RF short circuit by the prqtective
ear . iment was already supplied via CDN-M1 or CPN-M2
ne 3 -
Warning- pacitors\used within the CDNs bridge live parts. As a result, high lgakage
currenfs ™ g ety connections from the CDN to the ground reference plgne are

obligatpry (in~sgme ca these connections may be provided by the construction of the|CDN).

6.2.1. 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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NOTE Other CDN-Tx networks may be used if they are suitable for the intended frequency range and satisfy the
requirements of 6.2. For example, the differential to common mode conversion loss of the CDNs should have a
larger value than the specified conversion ratio of the cable to be installed or equipment connected to the installed
cable. If different conversion ratios are specified for cable and equipment then the smaller value applies. Often,
clamp injection needs to be applied to multi-pair balanced cables because suitable CDNs might not be available.

6.2.1.3 Coupling and decoupling for unscreened non-balanced lines

For coupling and decoupling disturbing signals to an unscreened cable with non-balanced lines,

the coupling and decoupling network described in Figure D.3 may be used.

For non-balanced multi-wire cables, clamp injection is more appropriate.

6.2.2 Clamp injection devices

With clamp injection devices, the coupling and decoupling functions g pling is
providg¢d by the clamp-on device while the common-mode impe bupling
functions are established at the auxiliary equipment. As such, the comes
part of|the coupling and decoupling devices (see Figure 6). Subglause ipns for
proper|application.

When pn EM clamp or a current clamp is used withoujAfulfilling 1.3, the
procedure defined in 7.4 shall be followed. The ind vay as
descriped in 6.4.1. In addition, the resulting curre In this
procedure, a lower common mode imp rent is
limited|to the value which would flow ffom a1

6.2.2.1 Current clamp

This d¢vice establishes an € connected to the EUT. For example,
with a|5:1 turn ratio, the d with
respect to the 150 Q efstabli brator's
output|impedance (50 d; see
Annex|A.

NOTE 1] When using™a e power
amplifief (PA) do not 3 coupling
device.

NOTE 2 hpacitive
coupling.

6.2.2.2

The EM clampse to the
EUT. The construction and performance of the EM clamp are described in Annex A.

6.2.3 Direct injection devices

The disturbing signal, coming from the test generator, is injected on to screened and coaxial
cables via a 100 Q resistor (even if the shield is ungrounded or grounded at one end only). In
between the auxiliary equipment (AE) and the injection point, a decoupling circuit (see 6.2.4)
shall be inserted as close as possible to the injection point (see Figure 5b). To increase
decoupling and to stabilize the circuit, a ground connection shall be made from the screen of
the direct injection device’s input port to the ground reference plane. This connection is made

on the AE side of the injection device.

NOTE When making direct connection to foil shields, caution needs to be exercised to ensure a good connection

producing reliable test results.
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For certain simple screened cable configurations, the decoupling circuit together with the
100 Q resistor may be combined into one box, creating a CDN.

6.2.4 Decoupling networks

Normally, the decoupling network comprises several inductors to create a high impedance over
the frequency range. This is determined by the ferrite material used, and an inductance of at
least 280 pH is required at 150 kHz. The reactance shall remain high, 2260 Q up to 26 MHz
and 2150 Q above 26 MHz. The inductance can be achieved either by having a number of
windings on ferrite toroids (see Figure 5d) or by using a number of ferrite toroids over the cable
(usually as a clamp-on tube).

The CDNs as specified in Annex D can be used as decoupling networks he RF_ingut port
left unloaded, unless stated otherwise elsewhere in this standard. Whe in this
way, ttley shall meet the requirements of this clause.
The dgcoupling networks shall be used on all cables not selecteg~for t cted to
the EUT and/or AEs. For exceptions, see 7.7
6.3 erification of the common mode impedance at th

decoupling devices
Couplipg and decoupling devices are characterized by the 9 i geen at
the EUYT port, |Z,.|. Its correct valug~ensures , 5. The
comma@n-mode impedance of coupli ] set-up
shownlin Figure 7.
The cqupling and decoupling devices and the im i hall be
placed ed the
projec
The i by a
conne of the
comm ired.
The c B while
the in mmon-
mode irement
ensur pen or
short
If cla -mode
imped E set-up connected to the EUT. Normally, it is sufficient to follow the
proce .3. In all other cases the procedure defined in 7.4 shall be used.
6.3.1

When the test generator is set up prior to testing, the test level must be verified in a 150 Q
common-mode impedance environment. This is achieved by connecting the appropriate
common-mode point to a 50 Q measurement device via a 150 Q to 50 Q adapter as shown in
Figure 7c. The construction of the adapter is shown in Figures 7d and 7e.

The adapters shall be placed on a ground reference plane, the size of which exceeds the
projected geometry of this set-up on all sides by at least 0,2 m. The insertion loss is measured
according to the principle of Figure 7c. Its value shall be in the range of (9,5 + 0,5) dB
(theoretical value 9,5 dB caused by the additional series impedance when measured in a 50 Q
system). If necessary, the cable attenuation of the test set-up shall be compensated for.
Attenuators with suitable VSWR (<1,2) at the inputs and outputs of receivers and generators
are recommended.
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6.4 Setting of the test generator

For the correct setting of the unmodulated test level the procedure in 6.4.1 shall be applied. It
is assumed that the test generator, the coupling and decoupling devices and the 150 Q to 50 Q
adapter comply with the requirements of 6.1, 6.2 and 6.3.1.

Warning: During the setting of the test generator, all connections to the EUT and AE port of
the coupling and decoupling devices other than those required (see Figure 8), shall be
disconnected either to avoid short-circuit conditions or to avoid destruction of the measurement
equipment.

The carrect output level must be determined for all test frequencie

6.4.1
The te$ UT port
of the ¢ gdapter

toam hall be

loaded|in common mode with a 150 t-up is
given ip Figure 8 for all coupling and d
NOTE b ground
referend
Using llowing
reading on the

Umr

Umr =
The settmg ice. The
control 3 ing, etc.)
shall bp
NOTE 1] Up is thentest voltage specified in Table 1 and Un, is the measured voltage as defined in 3.11 anld Figure
8. To minhimize t€sting>errors, the output level of the test generator is set by setting Uy with 150 Q loads arld not by
setting Uo.

NOTE 2| The factor 6 (15.6 dB) arises from the e.m.f. value specified for the test level. The matched load level is
half the e.m.f. level and the further 3:1 voltage division is caused by the 150 Q to 50 Q adapter terminated by the
50 Q measuring equipment.

When the level setting for current clamps is carried out in a 50 Q test environment (see
Clause A.1), the voltage, U,,, appearing across the 50 Q load shall be 6 dB less than the test
level required. In this case, the measured voltages or resulting currents in the 50 Q test jig are
equal to:

U

or

= (Uy/2) £ 25 %, in linear quantifies

mr

U = Upg — 6 dB = 2 dB in logarithmic quantities.
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7 Test set-up for table-top and floor-standing equipment

The equipment to be tested is placed on an insulating support of 0,1 m height above a ground
reference plane. All cables exiting the EUT shall be supported at a height of at least 30 mm
above the ground reference plane.

If the equipment is designed to be mounted in a panel, rack or cabinet, then it shall be tested in
this configuration. When a means is required to support the test sample, such support shall be
constructed of a non-metallic, non-conducting material. Grounding of the equipment shall be
consistent with the manufacturer’s installation instructions.

Where 0,1m
and 0, of the
EUT o igures 6,
9 and

7.1

For sd bupling
device b.g. the
likely I€ngth of the longest cables.

For all S ling of
any CI gth specified by the manufacturer of

the EUIT.

7.1.1

Figure

9,
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Selecting injection
method

Are
CDNs NO
suitable? ‘

YES

Use CDN 1
Is

jeetion
subclause 7.2 J YES clamp

Where
installg
listed i

N
injection
applicable? <\ Q

4 N

Check the following
requirements
I. 150 Q AE impedance

[I. Cable 30 mm to 50 mm
above GRP
lll. AE sufficiently immune

YES

Use clapap.or cyrrent
cla cti n
subcla sg!?\{

ules for selecting the injection method

Use clamp or current
clamp injection
subclause 7.4

IEC 1581/

not in, the EUT including selected cables for testing shall be conf
d, arran operated in a manner consistent with typical applications. CD
h this standard; but meeting the requirements of this standard, may also be used.

gured,
NS not

When

several cables coming Trom the EUT are In Cclose proximity over a length o mo

e than

10 m or are routed from the EUT to another equipment in a cable tray or conduit, they should
be treated as one cable.

If a product committee decides that a certain kind of coupling and decoupling device is more
appropriate for cables connected to a particular family of products, then that choice (justified
on a technical basis) takes precedence. These devices shall be described in the product

standa

rd. Examples of CDNs are described in Annex D.
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7.1.2 Ports to be tested

In any one test, only two 150 Q networks are required. The network used for injection of the
test signal can be moved between different ports as they are tested. When a CDN is removed
from a port, it may be replaced by a decoupling network.

If the EUT has multiple identical ports (same input or output electronic circuits, loads,
connected equipment, etc.), at least one of these ports shall be selected for testing to ensure
that all different types of ports are covered.

7.2 Procedure for CDN injection application

When psing the CDN injection, the following measures need to be taken.
— If the AE is located above the GRP, then it is to be placed 0,1 m
— Onge CDN shall be connected to the port intended to be tested ith 50 Q
termination shall be connected to another port. Decoupling MKS Sl i i on all
othler ports to which cables are attached. In this manner.th inated
wit
1)
2) netrical
to the
e EUT,
ce with

nce as
ent the
mmon-

above
the| ground reference plane.

- A ,pr*nulnling netwaork shall be installed an each cable hetween the EUT and AE exc pt the
cable under test.

— All cables connected to each AE, other than those being connected to the EUT, shall be
provided with decoupling networks, see 6.2.4 and Figure 6.

— The decoupling networks connected to each AE (except those on cables between the EUT
and AE) shall be applied no further than 0,3 m from the AE. The cable(s) between the AE
and the decoupling network (s) or in between the AE and the injection clamp shall not be
bundled nor wrapped and shall be kept between 30 mm and 50 mm above the ground
reference plane (Figure 6).
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At one end of the cable under test is the EUT, and at the opposite end is the AE. Multiple
CDNs can be connected to the EUT and to the AE; however, only one CDN on each of the
EUT and AE shall be terminated in 50 Q. The termination of the CDN shall be chosen
according to the priority in 7.2.

When several clamps are used, the injection is carried out on each cable selected for
testing one by one. The cables which are selected for testing with the injection clamp but

not actually exercised shall be decoupled in accordance with 6.2.4.

In all other cases the procedure given in 7.4 should be followed.

7.4 Procedure for clamp injection when the common-mode impedance requirements

gannotbemet

When using clamp injection and the common-mode impedance requirem met at

the AE| side, it is necessary that the common-mode impedance of the £ S r equal

to the pommon-mode impedance of the EUT port being tested. If ndf 5 be taken

(e.g. by using a CDN-M1 or 150 Q resistor from the AE to groungd fy this

conditipn and to prevent resonances. In this procedure, only th those

measures mentioned in 7.3 are given.

— Ea¢h AE and EUT used with clamp injection sha S S ¢ hllation
cor i S ground
refg

— By|means of an extra current probe i i en the
injgction clamp and the EUT, the &urre tording
to B.4.1) shall be monitored. If the i yminal circuit value /54 given
bel i| the measured current is equal to the
Ima

The m

To ens

7.5

When

- The ground
ref

— On|the cable~heing tested, a decoupling network shall be located between the injection
point and the AE} as close as possible to the injection point. A second port shall be [loaded
with~150 Q (CDN with 50 Q termination) This port shall be chosen according to the [priority
in 7.2. On all other cables attached to the EUT decoupling networks shall be installed.
(When left open, a CDN is considered a decoupling network.)

— The injection point shall be located between 0,1 and 0,3 m from the geometric projection of
the EUT on to the ground reference plane.

— The test signal shall be injected directly on to the shield of the cable through a 100 Q
resistor (see 6.2.3).

NOTE When making direct connection to foil shields, caution needs to be exercised to ensure a good connection
producing reliable test results.
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7.6 EUT comprising a single unit

The EUT shall be placed on an insulating support 0,1 m above the ground reference plane. For
table-top equipment, the ground reference plane may be placed on a table (see Figure 9).

On all cables to be tested, coupling and decoupling devices shall be inserted (see 7.1.2). The
coupling and decoupling devices shall be placed on the ground reference plane, making direct
contact with it at a distance of 0,1 m to 0,3 m from the EUT. The cables between the coupling
and decoupling devices and the EUT shall be as short as possible and shall not be bundled or
wrapped. Their height above the ground reference plane shall be between 30 mm and 50 mm.

If the | | to the
ground reference plane through the coupling and decoupllng network CDN c 2.1 (i.e.
the AE|port of the CDN-M1 is then connected to the ground reference plane
If the RUT is provided with a keyboard or hand-held accessory, then\the\a jhall be
placed| on this keyboard or wrapped around the accessory ground
reference plane.
Auxiliafy equipment (AE) required for the defined o i ing |to the
specifications of the product committee, e.g. communijcatien’ equi brinter,
sensorn, etc., as well as auxiliary equipment necessar er and
assesgment of the functions, shall gcte and/or
decoupling devices. As far as possi | : o’be tested may be limited;
however, all types of physical ports sho injecti

7.7 EUT comprising several units

Equipment comprising seyerakunit ish a » , i of the

following methods.

— Preferred methodt Each T (see
7.6), consid hall be
placed on the\e Il sub-
units shall be te \

- Al BS, i.e.
<1 UT. No
corr cables
being

The uni of strch an EUT shall be placed as close as possible to each other without

making b the insulating support 0,1 m above the ground reference plane. The

interconnecting cabtés of these units shall also be placed on the insulating s[}.lpport.

Unterrr[inated CDNs or decoupling devices shall be placed on all other cables of the EUT, e.g.

on cables 1o the mains Supply and auxiiiary equipment (see 7.1).

8 Test procedure

The EUT shall be tested within its intended operating and climatic conditions. The temperature
and relative humidity should be recorded in the test report.
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Local interference regulations shall be adhered to with respect to the radiation from the test
set-up. If the radiated energy exceeds the permitted level, a shielded enclosure shall be used.

NOTE Generally, this test can be performed without using a well-shielded enclosure. This is because the
disturbance levels applied and the geometry of the set-ups are not likely to radiate a high amount of energy,
especially at the lower frequencies.

The test shall be performed with the test generator connected to each of the coupling devices
(CDN, EM clamp, current injection probe) in turn. All other cables not under test, shall either be
disconnected (when functionally allowed) or provided with decoupling networks or unterminated
CDNs only.

A low-pass-fittet (LP:—) andfor-a high=pass fitter (: iPF), (c. g H00kHz—cut= -off-f cquclluy} nay be
requirgd at the output of the test generator to prevent (higher order or sub-) rmonlcs from
disturbing the EUT. The band stop characteristics of the low-pass/filters nall be
sufficignt to suppress the harmonics so that they do not affect the resulfs, i ghall be
inserteld after the test generator before setting the test level (see 6.1\and 6:4. 1 >

The frgquency range is swept from 150 kHz to 80 MHz, using the $ig g blished
during|the setting process, and with the disturbance signa Y with a
1 kHz |sine wave, pausing to adjust the RF signal le '.,es as
necesgary. Where the frequency is swept incrementa 1 % of
the preéceding frequency value. The dwell time of (the /amplitide 4 t each
frequency shall not be less than the time necesSsa i and to
respond, but shall in no case be legs clock
frequencies) shall be analyzed separate

NOTE PBince the EUT may be disturbed by tramasi ould be
made td avoid such disturbance. For exampldg, can be
decreasgd a few dB below the test level.

Attemg gate all
EXEercis

The uge of a sp

Testing shall be pe

It may gspects
of the

9 EV

The tegst/results shall be classified in terms of the loss of function or degradation of
performance of the equipment under test, relative to a performance level defined]| by its

manufacturer or the requestor of the test or by agreement between the manufacturer and the
purchaser of the product. The recommended classification is as follows:

a) normal performance within limits specified by the manufacturer, requestor or purchaser;

b) temporary loss of function or degradation of performance which ceases after the
disturbance ceases, and from which the equipment under test recovers its normal
performance, without operator intervention;

c) temporary loss of function or degradation of performance, the correction of which requires
operator intervention;

d) loss of function or degradation of performance which is not recoverable, owing to damage
to hardware or software, or loss of data.
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The manufacturer's specification may define effects on the EUT which may be considered
insignificant, and therefore acceptable.

This classification may be used as a guide in formulating performance criteria, by committees
responsible for generic, product and product-family standards, or as a framework for the
agreement on performance criteria between the manufacturer and the purchaser, for example
where no suitable generic, product or product-family standard exists.

10 Test report

The te
the foll
— ide

ser
— the
— rep
— wh

— the
to

— any
EU

— the

— the
de

— ide
- the
— for
- ad
— any
— the
— the
— the
— the
— the

— any

t IUpUIt bild“ bUIItdiII d“ t:lc ;IIfUIIIIdt;UII NneLcoosdly tU IGPIUUILIL;U til
owing shall be recorded:

ntification of the EUT and any associated equipment, e.g. bya
al number;

size of the EUT;

resentative operating conditions of the EUT;

bther the EUT is tested as a single or multiple unit;

ticular,

t type,

e EUT

ing, or

bupling

coupling and d ing ad © (th;

each inje<c>
escription ofthe

gffects on the EUT observed during or after application of the test disturbance 4

nd the

dur

I £ hickh-th ££ 4 '
Alult TUT wWinolh UiCotT TITTULLO PYUTOloL,

— the rationale for the pass/fail decision (based on the performance criterion specified in the
generic, product or product-family standard, or agreed between the manufacturer and the
purchaser).
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\\\

100 Q

f[f
/> /0 PR

Q L V7 (7722

50 Q
Zeo E
Btor
S
77 % v,

1582/03

Zee Common-mode impedance of the couph , =[150 Q

NOTE —{ The 100 Q resistors are included in the soupling a ed by a

(passive) 50 Q load and the right input is loaded
Uo Test generator sourge voltage (&.m.
Ucom | Common-mode voagebetwee
lcom Common-mode

Jeom Current d i
E,H Electric a

Figure|2a — Diagra cables
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RF generator
Test generator
0,1m<L<0,3m L
> T2
50 Q
T ELLT
Auxiliary . Auxiiary
equipment 1 (Equipment equipment)
1 re— under test)  [m—
CON . CON N .
; g ( ._
Ground reference plane
0,1m ports
50 mm > h > 3W
=)
RF generator
Q \’ Test generator
T2
0.1Ms L 20,3 éy Ly < 0,3 m where possible
GO \/> 50 0
T
Auxiligry (5/\ \/\ \@ Auxiliary T
equipment 1 q ent equipment 2
Y\ ungér test) Injection e —
CD clamp CDN
2
Ground refferenge p
0,1 m supports
50 mm > h > 30 mm
IEC 1583/03

T : Termination 50 Q
T2: Power attenuator (6 dB)

CDN: Coupling and decoupling network

Injection clamp: current clamp or EM clamp

Figure 2b — Schematic set-up for immunity test to RF conducted disturbances

Figure 2 — Immunity test to RF conducted disturbances
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RF generator Broadband power
80%AM [ | | o amplifier =

FC 1584/03

G1: RF generator
PA: Broadband power amplifier )
LPFIHPF: Low pass filter and/or high pass filter

Figure 3 — Test generato

; Q
\J 1,4 + 80 %
2

N
1,414

o 1 ST 1 P |
...

[HIHY

-3 -3

-2

- 2,54

1EC 222/96 IEC 223/96

Figure 4a — Unmodulated RF signal Figure 4b — Modulated RF signal 80 % AM
Upp=2,82V, Ums=1,00V Upp =5,09V, Ums =1,12V

Figure 4 — Open circuit waveforms at the EUT port of a coupling device for test level 1
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@— 50 Q coaxial line

Power, signal or ground cable

E@— 50 Q coaxial load
—D@— 150 Q to 50 Q adaptor; a bo

series resistor betwee

50 Q signal

ipment, e.g. selective voltmeter

BN\80 Q attenuator

Coupling/decoupling network (CDN) with EUT,
IN and AE ports

— T2 [ — Power attenuator (6 dB)

IEC 1585/03

Figure 5a — List of symbols used for the indicated set-up principles
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0,im<L<0,3m

L, < 0,3 m where possible

AE
(Auxiliary
equipment)

X

ks

EUT
Screened cable \ (uEnqduei??;i?)t 5:-(2
| Decoupling k i |_ _|_ I
(L fz\ggeuH) ® : CDN

m support

Srouna rererernce pidare

\50mm>h>30mm

100 Q /\\

N
Figure 5b — Principle of direct injectio

Q — < ’7 EUT port
1
N == \ 0 j I
C > 20 nF/n
Q R=nx100Q
Test
generator
IEC 1587/03

igure 5¢c — Principle of coupling to unscreened cables

Qﬁ&@%

prt

IEC 1586/03
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Low-frequency
inductor

— 55 -

High-frequency
inductor

/03

e

Example:  Typically Cgec = 47 nF (only on unscreened cables),
High frequency inductor: 2-4 ferrite toroids
Figure 5 — Pringiple of.
Ly < O,wossi e
N
EUT
20 Q (Equipment 90 O
T under test) T
I I
CDN CDN %
-
Ground refefence plane 50 mm > h > 30 mm 0.1 th support
ort earthing strap
P4 m s rt\
- T
IEC 1589/03

Uo

The CDN connected to the AE, e.g. CDN-M1 connected to the dedicated earth terminal or
CDN-M3, shall be terminated with 50 Q at the input port (see 7.4).

Figure 6 — Principle of coupling and decoupling according to the clamp injection method
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Impedance

reference plane

—_ 57—

Input
port

30 T .)n.l. e T T Ty
Metallic 8
Reference = d
point ~ §
zce // N :
/ Coupling and \ :
- A s b
| netw ]
e D || = ] %
EUT S el §
> 200 / port 4 o}—— Insulating material . > 20
B // ‘ :‘:H'F,'?.H Y R AR XY XY ST R YT AT L;’--.':: N (N
YA LTI T g 7 7 r  d e Sk

Ground reference plane

— Ground reference plane: shall exceed the projectiopof the ¢

and

other components by at least 0,2 m.
— Thel AE port is 30 mm high above the GRP

— Impedance reference plane (with BNC

— Both planes shall be made out of ceppe

contact.

9,

Figure 7a — Examplég

evices

od RF
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Impedance (Note)
network analyser 1/-) EUT CDNAE l——o0
or similar IN f S
impedance
reference plane - 50 Q
=93 rovvu,

NOTE | The impedance requirement shall be met with open and closed switch S (see 6

IEC 15

P1/03

Unmr (switches position 1)
dB(uVv)

Metallic
0 1000 E
\ © ; O N or BNC type 3} ;-—"D{-_‘ 8
‘connector ___\ -~ h
£
150 Q-port 50 Q port Lg 1
o [~ o™
.&W /

[<; O ) /
IEC 2826 _
30 mm IEC 233M6

NOTE Low inductance resistor: Power rating = 2,5 W NOTE Identical with Figure 7a (impedance reference
plane), but with 100 Q low inductance resistor added.

Figure 7d — Circuit of the 150 Q to 50 Q adapter Figure 7e — Construction diagram of the 150 Q to
50 Q adapter

Figure 7 — Details of set-ups and components to verify the essential characteristics
of coupling and decoupling devices and the 150 Q to 50 Q adapters
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n
~

| Common-mode point
s

EUT port IEC 234m%

IEC 235/m56

Figure 8b — Definition of a.€ommo pQint with screened cables

\l ) 30 mm
x 100 Q to 50 Q

IN ] adaptor [ ; |
N N ) ]
Tept I-‘. LR \_/ 5
geperator Coupling/ U Y
decoupling device
Uo
& 7 Ground reference plane
Common-mode point(s)
IEC 1592/03
Examples-ef-coupling-and-deceuplng-devices:

— coupling/decoupling networks (CDNs);
— direct injection network (with decoupling);
— clamp injection device (EM clamp);

NOTE The 150 Q loading, e.g. a 150 Q to 50 Q adapter terminated with a 50 Q load, at the AE-port
shall only be applied to unscreened cables (screened cables have their screens connected to the
ground reference plane at the AE-side).

Figure 8c — Set-up for level setting at the EUT port of coupling/decoupling devices

Figure 8 — Set-up for level setting (see 6.4.1)
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SONONNNN
A

0,im<L<0,3m

<%

>0,5m

/ To AE or
RRS 38N telecommunication
; >0,5m 28, 2t CDN-T2 lines
A Batanced-pair
/]
/

EUT Mains

Unscreened
non-balanced

Insulating support :
h=0,1m :
................ /\ -

IEC 1593/03

The EUT cleara ¢ objects shall be at least 0,5 m.

— Example of test set-up with a single unit EUT
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CDN-M2
I [T
T T
>0,5m : T: :TZ:
| L
I H 01m<L<03m
o= -

0,1m<L<0,3m

v v/

Mains

Balanced pair

>0,5m A Mains
- Unscreened

non-balanced
cable

00

< \‘Q \m\»( A

A \
Insulating suppQqrt rtific d
AN

%

Reference ground plane

Test generator

IEC 1594/03

The EUT clearance from any metallic obstacles shall be at least 0,5 m

Only one of the CDNs not used for injection shall be terminated with 50 Q, providing only one return
path. All other CDNs shall be coupled as decoupling networks.

Interconnecting cables (< 1 m) belonging to the EUT shall remain on the insulating support.

Figure 10 — Example of a test set-up with a multi-unit EUT
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Annex A
(normative)

Additional information regarding clamp injection

Current injection clamp

quired performance of the current clamp is that the transmission loss of the test j

g shall

not ex

its inpyit port by a 50 Q load. A circuit of the level setting set-up is given

drawin

The si
setting
150 Q

wit

The¢ power attenuator shall be con

Sp6

eed 1 dB when tested in a 50 Q system with a current clamp installgd ahq termin

g of the test jig is given in Figure A.2.

ctrum analyzer.

ou
Th

A.2

The co

The E
=>10d
AE an
EM cl

The le

enviropment<as indi

- Th%output level of the generator shall

dAest level, Uy, minus 6 dB, sesg
output level of the i at each step frequency.

EM clamp

nstruction@ G amp are given in Figures A.3, A.4 and A.5.

ted in Figure 8.

ated at
and a

st level

ut in a
bwed.

Iso be

er end

interest.

an RF

to the
6.4.1.

irectivity

of the
of the

150 Q

A.3

Test set-up

To undertake the test, the clamp(s) shall be placed on the cable to be tested. The clamp shall
be supplied with the test generator level previously established during the level setting

proced

ure.

During a test, a ground connection shall be made from the screen of the input port of the
current injection clamp or the earth bar of the EM clamp, to the ground reference plane (see
Figures A.6 and A.7).
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If, during testing, the monitored current, both with the EM clamp and with the current clamp,
exceeds the nominal circuit current value (see 7.4), then the test generator output level shall
be reduced until the current equals this nominal circuit current level. The reduced test
generator output value level shall be recorded in the test report.

Test
generator

F

|

|
Test jig ————-ﬂ

Current injection
probe

o6
A1

Figure A.1 — Circuit for level setting

etachab
coveryplate

N

VI
\ // Rlastic coate
{"/« >

DY 2

120

N
" 0
2

| &wwﬁ:\ Aluminium
5% D

or brass

N or BNC type
connector

72

-

Jig width = 120

IEC 240/96

Dimensions in millimetres

Figure A.2 — The 50 Q test jig construction
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EM clamp 0,15-230MHz

‘ 26 x 3E1 _ 5 x 4C6 5 x 4C8 ‘
11 6 6 L 1 2 v 5
222222 20 | oy’ 22222, Z \§1 Z \r——
@

{

Compon

ents Q

Ferrite ring core

Devicesforypressing the cable under test into the groove

Parts_from insulating material with pressure springs (not shown)

Ferrite tube, 4C65

Dimensions in mi

10
11
12
13
EUT
Z1
z2

Coaxial cable, 50 Q with BNC connector

Switch for the disconnection of Z1

Slot for part No. 2

Elastic fixing of ferrite (upper semi-ring)

Lower insulating plate

Protection plate for Z1, Z2

Equipment under test

Series impedance: C4: 20-100 pF, L4: 0,15 pH, R1: 50 Q /12 W
Series impedance: Ly: 0,8 yH, R2: 50 Q / 12 W

Figure A.3 — Construction details of the EM clamp

241/96

limetres
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22
n2 G1
R2 an
50 Q Ny
Components:
1 Ferrite tube (clamp) length 0,6 m, @ 20 mm, consisting
side and 26 rings 3C11 (U = 4 300) at AE side

2 Semi cylinder of copper foil
7 Ferrite tube (1 = 100) included in the

Z1, Z2 built in to optimize the frequency respon

G1 Test generator

Principle of the EM clamp:
— magnetic coupling

— elegtric coupl

m
C
—
o
Q
g
]
Q
>
o
(o]
]
°
©
]
=
—
=
=
(V]
3
N
b

%

m
° Py N \ //
§ ’ ‘\NN~ /
8| 0 T~
2
% 250
O

_8,0\

-10,0

Frequency MHz

Typical characteristics of a commercially available construction of the EM clamp:
— Operating frequency range: 0,15 MHz to 230 MHz
— Frequency response of the coupling factor of the EM clamp

— Direct coupling and decoupling EUT/AE = 10 dB beyond 10 MHz

Figure A.5 — Coupling factor of the EM clamp

100

IEC 1650/03
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0,fm <L <0,3m

— 75—

EUT |3 AE
Monitoring Ly < 0,3 m where possible
50 Q probe - - D 50 Q
CDN Injection clamp CDN

[— ] I ] — >

/

\ Ground reference plane
Test T2
0,1m generator |
Mgasuring
edquipment
Short earthing strap
IEC 1595/03
Figure A.6 — General principle of a test ion clamps
-
V7
>0,4m Mains
™ Q Mains :l
Q \) H O\ Mains
—{]
reened '{
mo{ti- Monitoring probe, CDN-M2
/ if needed
AE1 o j‘—
Injection clamp \_[j
|
Measuring Test Ground reference plane.
equipment generator

T Termination 50 Q
T, Power attenuator (6 dB)

The EUT clearance from any metallic obstacles shall be at least 0,5 m.

For the test condition of CDN, refer to the Figures 2, 9 and 10.

IEC 1596/03

Figure A.7 — Example of the test unit locations on the ground plane

when using injection clamps (top view)
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Annex B
(informative)

Selection criteria for the frequency range of application

Although the requirements in the standard are specified for the frequency range 150 kHz up to
80 MHz, the applicable frequency range depends on the normal installation and operation
conditions of the equipment to be tested. For example: a small battery-powered equipment with
total dimensions-less-than0.4-m-and-without any metallic PQh'D(Q) connected-theretodoes not
need tp be tested below 80 MHz because it is unlikely that the induced /R sulting
from the disturbing EM field will upset the device.

In genegral, the stop frequency will be 80 MHz. In some cases, wherg sra e juipment is
considered (dimension < A/4), dedicated product standards S i e stop
frequency is extended up to a maximum of 230 MHz. The coup |ng an ices in
this case shall then meet the parameter of common-modg’ im T port
specified in Table B.1 below. When using this test method il , Its are
influenced by: the size of equipment, the type(s) of i 9 nd the

availahility of special CDNs, etc. Further guidance fdr proper applicati blied in
the dedglicated product standards.

Tablg B.1 — Main parameter of the i |on fthe coupling and decoupling dé¢vice
when the frequency ran 8

e St
Parameter <0,\P5\Nyﬁz_—\26\\MQz b) ‘\2§MHZ — 80 MHz 80 MHz — 230 MHz

|1Zcel [‘ 150\(2(:\?\0Q )509+60§2—45§2 150Q+60Q -60Q
NOTH 1 Neither t e Nordhexdecowpling factor between the EUT port and the AE pgrt are
speciffed separat embqdied_in‘the requirement that the tolerance of |Zs| shall e met
with the AE-port o ircus ourd reference plane.

used, without complying with the common-mode impedance
e requirements of Z.e may not be met. However, the injection
hen the guidance of 7.4 is followed.

NOTH 2 When cla inj
requirements for t ili
clampjs can provide\acc

bles is

a) Baftery‘powered equipment (dimension < A/4) which has no connection(s) to ground nor to
any other equipment and which will not be used during battery charging, does not need to
be tested according to this standard. If the equipment will be operated during battery
charging, case b) or c) applies.

For battery-powered equipment (dimension = A/4), its size, including the maximum length of
the cables connected, determine the start frequency, Figure B.1.

b) Equipment connected to a (power) mains network but not connected to any other
equipment or cables.

The power supply is provided via a coupling and decoupling device and the equipment is
loaded by an artificial hand. The start frequency is 150 kHz.

c) Equipment connected to a (power) mains network which is also connected via control and
I/O or telecommunication cables to other insulated or non-insulated equipment.

The start frequency is 150 kHz.
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Exampl

Forl a cable connected
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IEC 246/96
Co 3 x 108 m/s
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es:

pensonal computer, withN\a coi

6,6

calle, the start frequ

perated
buld be
2 m of

A pocket cale of the
adgpter from 15Q d.

A Hand-held ba sted on
its fables from<150\k

A double- bceiver,
corlnected\to inswateddoud can be
cornne 50 kHz
upwards

makimumsleng

urglarglarm having various insulated sensors distributed through a building, of which the

of xable may extend 200 m (manufacturer's specification) should be te

thege cables from™50 kHz upwards.

5ted on

Figure B.1 — Start frequency as function of cable length and equipment size
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Annex C
(informative)

Guide for selecting test levels

The test levels should be selected in accordance with the electromagnetic radiation
environment to which the EUT and cables may be exposed when finally installed. The
consequences of failure should be borne in mind in selecting the test level to be used. A higher

level s

If the E

known

For equi

followd

The fo

hould be considered if the conseauences of failure are larae.
bt ~J

llowing classes are related to the levels lis

gener

powered bro
maly be locate

| guidelines for the selection of the appropriate

nables
are not

it may be possible to measure the actual field strength at the locatio (s) d.
uipment intended for operation in a variety of location elines may be
d in selecting the test level to be used.

red as

radio/
br low-

Ceivers

W and
High-

Clgss X: X is Jicated
equipment sp
The tgst le Ccations
describhed/ S ese values are exceeded, e.g. in the proximity of hightpower
transmiitters o quipment located in the same building. In such cases it may be preferable
to sh’i-%)ld the ) building, and filter the signal and power wires to the equipment, rather
than specifying-a ipment to be immune to such levels.
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