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services carried out by independent certification bodies.

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compr
Il national electrotechnical committees (IEC National Committees). The object of IEC is to promate“internat|
-operation on all questions concerning standardization in the electrical and electronic fields.)To this end
addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Rep
ublicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC ‘Publication(s)"). ]
reparation is entrusted to technical committees; any IEC National Committee interested«in the subject dealt
ay participate in this preparatory work. International, governmental and non-governmeéntal organizations lia
ith the IEC also participate in this preparation. IEC collaborates closely with thé International Organizatio
tandardization (ISO) in accordance with conditions determined by agreement, between the two organizatio

he formal decisions or agreements of IEC on technical matters express, as\nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technical ¢ommittee has representation froj
terested IEC National Committees.

EC Publications have the form of recommendations for internatiohal use and are accepted by IEC Nat
ommittees in that sense. While all reasonable efforts are made-to ensure that the technical content of]
ublications is accurate, IEC cannot be held responsible for, the way in which they are used or for
isinterpretation by any end user.

h order to promote international uniformity, IEC National' Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in their national and regional publications. Any divergence bet
ny IEC Publication and the corresponding national or regional publication shall be clearly indicated in the |3

FC itself does not provide any attestation of eonformity. Independent certification bodies provide confo
ssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for

Il users should ensure that they have thellatest edition of this publication.

embers of its technical committees-and IEC National Committees for any personal injury, property dama
ther damage of any nature _whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of the| publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to the-Normative references cited in this publication. Use of the referenced publicatio
dispensable for the ‘correct application of this publication.

ttention is drawn, to"the possibility that some of the elements of this IEC Publication may be the subject of p
ghts. IEC shalknot be held responsible for identifying any or all such patent rights.
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redline version of the official IEC Standard allows the user to identify the changes
made to_the previous edition IEC 61000-4-6:2013. A vertical bar appears in the ma

gin
in

strikethrough red text.
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IEC 61000-4-6 has been prepared by subcommittee 77B: High frequency phenomena, of IEC
technical committee 77: Electromagnetic compatibility. It is an International Standard.

It forms Part 4-6 of IEC 61000. It has the status of a basic EMC publication in accordance with
IEC Guide 107.

This fifth edition cancels and replaces the fourth edition published in 2013. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
editjon:

a) pelection of injection devices revised;

b) heed of AE impedance check for clamp injection removed and Annex H deleted;
c) paturation check revised;

d) hew Annex H on testing with multiple signals;

e) |evel-setting only with feedback loop.

Thel text of this International Standard is based on the following documents:

Draft Report ontvoiing

77B/863/FDIS 77B/865/RVD

Fulllinformation on the voting for its approval can be found in the report on voting indicated in
the pbove table.

The|language used for the development of:this International Standard is English.

Thig document was drafted in accordance with ISO/IEC Directives, Part 2, and developefd in
accprdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC |are
desgribed in greater detail at, www.iec.ch/publications.

A list of all parts in the IEC 61000 series, published under the general title Electromagrietic
compatibility (EMC), can'be found on the IEC website.

The| committee has. decided that the contents of this document will remain unchanged until the
stahility date.ndicated on the IEC website under webstore.iec.ch in the data related to|the
spegific dogUment. At this date, the document will be

e feconfirmed,

° wifhdrnwn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside” logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.



https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/publications
https://webstore.iec.ch/?ref=menu
https://iecnorm.com/api/?name=f9442ec95d93a0dc57df227716e4b70a

IEC

IEC

61000-4-6:2023 RLV © IEC 2023 -9-

INTRODUCTION

61000 is published in separate parts according to the following structure:

Part 1: General

General considerations (introduction, fundamental principles)

Definitions, terminology

Part 2: Environment

Par

Par

Par

Par

Par

Eac

or as technical specifieations or technical reports, some of which have already been publis

as 9
nuni

Thig

Description of the environment
Classification of the environment

Compatibility levels
3: Limits
Emission limits

mmunity limits (in so far as they do not fall under the responsibility of the pro
committees)

4: Testing and measurement techniques

Measurement techniques

lesting techniques
5: Installation and mitigation guidelines

nstallation guidelines

Mitigation methods and devices

6: Generic standards
9: Miscellaneous

h part is further subdivided into several parts, published either as international stand

ections. Others will be published with the part number followed by a dash and a sec
ber identifying\the subdivision (example: IEC 61000-6-1).

Huct

rds
hed
ond

part iscafvinternational standard which gives immunity requirements and test procedures
relafed to-conducted disturbances induced by radio-frequency fields.
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-6: Testing and measurement techniques —

023

Immunity to conducted disturbances, induced by radio-frequency fields

1

Scope

Thig
eled
(RF

NOT]
to 23
rang

Equipment not having at least one conducting wire and/or cable (such_as mains supply, si

line

fronp the scope of this document.

NOT]
sign
of thi
metH
at v3

The
immn
indy

part of IEC 61000 relates to the conducted immunity requirements of electrical
tronic equipment to electromagnetic disturbances coming from intended radio<frequsg
transmitters in the frequency range 150 kHz up to 80 MHz.

F 1 Product committees might decide to use the methods described in this document alsolfor frequencig
0 MHz (see Annex B) although the methods and test instrumentation are intended to be(dsed in the frequ
e up to 80 MHz.

or earth connection) which can couple the equipment to the disturbing RF fields is exclu

F 2 Test methods are-defined specified in this part of IEC 61000 to assess the effect that conducted distu
Is, induced by electromagnetic radiation, have on the equipment concerned. The simulation and measure
lese conducted disturbances are not adequately exact for the quantitative determination of effects. The
ods-defined specified are structured for the primary objective,of establishing adequate repeatability of re|
rious facilities for quantitative analysis of effects.

object of this document is to establish a common reference for evaluating the functi
unity of electrical and electronic equipment when subjected to conducted disturban
ced by RF fields. The test method in this\document describes a consistent method to ass

and
ncy

s up
ency

jnal
ded

bing
ment

test
sults

bnal
ces
ess

the jmmunity of an equipment or systemagainst a-defined specified phenomenon.

NOTE 3 As described in IEC Guide 107, this document is a basic EMC publication for use by product commijtees
of the IEC. As also stated in Guide 107,%the IEC product committees are responsible for determining whethey this
immiinity test standard should be applied or not, and if applied, they are responsible for determining the appropriate
test |evels and performance criteria,

2 |[Normative references

The|following documents are referred to in the text in such a way that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited applies.
For| undated.\deferences, the latest edition of the referenced document (including Jany
amegndmentisy applies.

F=opoons Lol oo Inloranticnol Sloclrotochnienl Meenbodone L2V Losnfloblol ol

CISPR 16-1-2, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 1-2: Radio disturbance and immunity measuring apparatus — Coupling devices
for conducted disturbance measurements

3

Terms and definitions
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For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

3.1

artificial hand
AH
eledtrical network simulating the impedance of the human body under average operatipnal
conflitions between a hand-held electrical appliance and earth

Note| 1 to entry: The construction should be in accordance with CISPR 16-1-2.

[SOURCE: IEC 60050-161:1990, 161-04-27, modified — the note has been ddded.]

3.2
auxfiliary equipment
AE
equjpment necessary to provide the equipment under test (EUT) with the signals required for

normal operation-and-equipment to-verify the performance of the EUT
Note] 1 to entry: Auxiliary equipment can be useful for monitoring the EUT.
3.3

clamp injection

method of injecting signals onto cables using a clamp injection device

3.4
clamp injection device

clammp-on—eurrent™injecting—deyice—on—a—ecablebeing signal injecting device that is eith¢

curfent clamp or an electromagnetic clamp

14
—
Q

is

3.5
common-mode impedance
ratio of the common-mode voltage and the common-mode current at a certain port

Note 1 to entry: This common-mode impedance can be determined by applying a unity common-mode voltage
between the terminal(s) or screen of that port and a reference plane (point). The resulting common-mode current is
then measured as the-vectorial vectoral sum of all currents flowing through these terminal(s) or screen (see also
Figure 15a) and Figure 15b)).
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3.6

coupling factor

ratio—given determined by the open-circuit voltage (e.m.f.) obtained at the EUT port of the
coupling (and decoupling) device divided by the open-circuit voltage obtained at the output of
the test generator

3.7

coupling network
coupling device
electrical circuit or device for transferring energy from one circuit to another with a-defired
spegified impedance

Notel 1 to entry: Coupling and decoupling devices can be integrated into one box (coupling and decoupling,network
(CDN)) or they can be in separate networks.

3.8
coupling/decoupling network
CD
elegtrical circuit incorporating the functions of both the coupling and decoupling networks

3.9
decjoupling network
decjoupling device

eledtrical circuit or device for preventing test signals appliedto the EUT from affecting ofher
dev|ces, equipment or systems that are not under test

3.1

tes{generator
gengrator (RF generator, modulation source{ attenuators, broadband power amplifier jand
filtes) capable of generating the required testsignal

SEE]| Figure 4.

3.11
ele¢tromotive force
e.m{f.
voltage at the terminals of the.ideal voltage source in the representation of an active element

3.12
measurement result

Um

voltage reading of the measurement equipment

3.1
volfage standing wave ratio
VSWR

ratio of a maximum to an adjacent minimum voltage magnitude along the line

4 General

The source of disturbance covered by this document is basically an electromagnetic field,
coming from intended RF transmitters, that-may can act on the whole length of cables connected
to installed equipment. The dimensions of the disturbed equipment, mostly a sub-part of a larger
system, are assumed to be small compared with the wavelengths of the interfering signals. The
leads entering and exiting the EUT (e.g. mains, communication lines, interface cables) behave
as passive receiving antenna networks and signal conduction paths for both intentional and
unintentional signals.
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Between those cable networks, the susceptible equipment is exposed to currents flowing
"through" the equipment. Cable systems connected to an equipment are assumed to be in
resonant mode (A4, A/2 open or folded dipoles) and as such are represented by coupling and
decoupling devices having a common-mode impedance of 150 Q with respect to a reference
ground plane.-\Where-possible-the EUT-istested-by-connescting—it For the method described
herein, the EUT is connected between two 150 Q common-mode impedance connections: one
providing an RF source and the other providing a return path for the current.

This test method subjects the EUT to a source of disturbance comprising electric and magnetic
fields, S|mulat|ng those coming from intentional RF transmltters These disturbing fields (£ and
H)
curnents caused by the test setup as shown in Figure 1.

Theluse of coupling and decoupling devices to apply the disturbing signal to one cable at a time,
ile keeping all other cables nonexcited (see Figure 2), can only approximate the real situation
whdre disturbing sources act on all cables simultaneously, with a range of difféerent amplitudes
and|phases.

Coupling and decoupling devices are-defined-by-theircharacteristies-giveh specified in 6.2. Any

coupling and decoupling device fulfilling these characteristics can beg.used. The CDNs in-Afnrex
B Annex C are only examples of commercially available networks;

EUT
/ H Joom
Icom
——————— -
~ \
100] Q2
> Zce /{ V
501
E
tor
/
iz g
IEC
7 Common-mode-impnedance of the CDN _Z =1500
ce g 7 ce
U, Test generator source voltage (e.m.f.)
Usom Common-mode voltage between EUT and reference plane
Ioom Common-mode current through the EUT
Jeom Current density on conducting surface or current on other conductors of the EUT
E, H Electric and magnetic fields

NOTE The 100 Q resistors are included in the CDNs. The left input is loaded by a (passive) 50 Q load and the right
input is loaded by the source impedance of the test generator.

Figure-a)} 1 — Diagram showing EM fields near the EUT due
to common-mode currents on its cables
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0,Aim<L<0,3m

[
|
|
—> L e ek
|

L Test generator
2 ],
— EUT | AE 2
— AE1 T L AE2 —
el 1 ;:;:k:;:;: 2 R
Reference around plane ‘( IEC 2185/13
~ v 7> 30 mm U,Tm £ 0,05 m support
|- T T T T T oo 1
| |
RF t [
01ms<L<03m | generator 14
|
L2 < 0,3 m where possible : Test generator |
L 1y~ -~~~ aN - -

[~

(2] 1

L
< AE 2
TLtLtatus | CDN il _-_-_-_-_—I_Injection | '-:-:-:-:-—I_CDN

1 .:.:K:.:. clamp :._.k._._. 2

B,

s 8P

. .

R o o o o v
Reference ground plane 0,1 m 0,05 m support K 0,1 m £ 0,05 m support

—p]

h 230 mm
IEC 2486/13
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0,Aims=D=<0,3m - .
D D RF generator

f <
| 4

A

Test generator

B AE 1

£
=

3 EUT ===

N AE 2

iy

,_|—CDN1 CDN2—|_

S e

Reference ground plane

E

Insulating sheet or support

e //?’// ////ﬂi"/// A ///////////////K/////

r-=----- - - -~ - -~ -~ -~ -~~~ - - a
: RF generator :
0,ims<D=<03m ! Toet n !
b ~p i | Testgenerator |
e <> !
[12];
1 |
E [
i 3 EUT
AE 1 = L
_|_ CDN 1 " Injection CDN 1
Gttt Slddddd N = CIamp
e e e e i S e iy A A o E A E A AT AT
A\ Reference ground pl
Insulating sheet or support 0,1 m.*0,05 m insulating support
b) Schematic setup for immunitytest used for injection clamp
T: Termination 50 Q
T2: Attenuator (6 dB),
CDN}: Coupling andd€toupling network
Injedtion clamp: Current clamp or EM clamp
Insulating sheet or support: A nonxeonductive coating, foot, roller and/or caster may be used as an altern

5

Acc
eleg

! ;T 0, pport

a) Schematic setup for immunity test used for CDN

Test levels

to 8

P MHzZ.

to@mninasulating support. The height shall be as specified. The height of
$§heet or support under a decoupled AE need not be specified

Figure 2 — Schematic setup for immunity test to RF conducted disturbances

prding ~to’ this document, tests are required for induced disturbances caused
tromagnetic fields coming from intentional RF transmitters in the frequency range 150

the insul

IEC

ne

IEC

htive
hting

by
kHz

The open circuit test levels (e.m.f.) of the unmodulated disturbing signal, expressed in RMS
(root mean square), are specified in Table 1.



https://iecnorm.com/api/?name=f9442ec95d93a0dc57df227716e4b70a

—16 —

IEC 61000-4-6:2023 RLV © IEC 2023

Table 1 — Test levels

Frequency range 150 kHz to 80 MHz

Voltage level (e.m.f.)

Level U, U,
Vv dB(pV)
1 1 120
2 3 129,5
3 10 140
xa Special

a8 "X" can be any level, above, below or between the others. The level has to be
specified in the dedicated equipment specification.

Thel test levels are set at the EUT port of the coupling devices (see 6.4).(For testing of|the
equjpment, this signal is 80 % amplitude modulated with a 1 kHz sine wave to simulate agtual
threats. The effective amplitude modulation is shown in Figure 3. Annex C provides guidgnce

for $electing test levels.

NOTE 1 IEC 61000-4-3 also-defines specifies test methods for establishing the immunity of electrical and electfonic
equipment against radiated electromagnetic energy. It covers frequencies.@bove 80 MHz. Product committeeq can
decidle to choose a lower or higher transition frequency than 80 MHz (sée Annex B).

NOTE 2 Product committees can select alternative modulation schemes.

3 3
\ Umaximum rms
2 2 T =P —— Ay — = = — ——
ol
A rms
L _ 2 Al h___
1 Urms 1 7/ =
b e J\ ﬂ
3 0 5 0 V
1 1 r
v REETHIGAIL
-2 -2
-3 -3
a - Unmodulated RF signal b - Modulated RF — signal 80 % AM
Upp =282V Upp=509V
Urms = 1,00 V Ums =112V
Umaximum rms = 1,80 V
IEC 2587/13 IEC 2588/13

Figure-2 ‘ Open el."eu'lt “.a"eflg“"s atl “'el EIUI port
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3 3 U
maximum rms

Il

1 Urms 1

6.1

The
cou
poirn
inte

-2 -2
Y
-3 -3
a) Unmodulated RF signal b) Modulated RF signal 80 % AM
Upp=282V Up-p 2509 V
Unms = 1,00V Ufe=1,15V

L L 100 +m)/100=1,8

IE

T . =17/ x
‘maximum rms ~ ~unmodulated rms (

Figure 3 — Example of unmodulated and modulated RF signal

Test equipment and level adjustment procedure

Test generator

test generator includes all equipment @nd components for supplying the input port of &
bling device with the disturbing signakat the required signal level at the appropriate injec

jrated into one or more test instruments (see 3.10, Figure 4, and Figure 5):

bmplitude modulated by-‘a.1 kHz sine wave with a modulation depth of 80 %. They S
have manual control (e.g. frequency, amplitude, modulation index) or in the case of|
synthesizers, they _shall be programmable with frequency-dependent step sizes and d
imes;

bttenuator T1, (typically 0 dB to 40 dB) of adequate frequency rating to control the distur
est source output level. T1-may can be included in the RF generator and is optional;

RF swit¢h'S1, by which the disturbing test signal can be switched on and off when measu
he immunity of the EUT. S1-may can be included in the RF generator and is optional;

ach
tion

t. A typical arrangement comprisés the following items which-may can be separate¢ or

RF generator(s), G1, capdhble of covering the frequency band of interest and of bging

hall
RF
well

bing

ring

broadband power amplifier(s), PA,-may might be necessary to amplify the signal if the ou

hower of the RE gonnrnfnr s inenffir\ionf;

rput

low-pass filters (LPFs) or high-pass filters ( HPFs), or both,-may can be-necessary use
avoid interference caused by (higher order or sub-) harmonics with some types of EUT

dto
, for

example RF receivers. When required, they shall be inserted between the broadband power
amplifier PA and the attenuator T2;

attenuator T2, fixed attenuation (6 dB * 0,5 dB), with sufficient power ratings. T2 is provided
to reduce the VSWR at the output of the power amplifier. Larger attenuation values may be

used.
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The characteristics of the test generator are specified in Table 2.

Table 2 — Characteristics of the test generator

Nominal output 500 VSWR<1550 Q
impedance
Harmonics and Within 150 kHz and 80 MHz, any spurious signal shall be at least 15 dB below the
distortion carrier level, measured%&é%pe#&eﬁh&ee&phﬂg@eﬂeeﬂr&%%&eanﬂ%&be

measured directly at the output of the-amplifier test generator.
Amplitude modulation Internal or external,

:[80 +5 ] %’
-20
with

m=100x Upp,max - Upp,min

ppmax + Uppmin

1 kHz + 0,1 kHz sine wave

Output level Sufficiently high to cover test level

(see also Annex E).

NOTE-2 The harmonics and distortion are measured in continuous wave{€W) at 1,8 times the test level without
modulation.

-r--—"""—""""‘/"‘"‘"‘*"*"”¥"”/"”¥”’”/ ’;/‘‘‘"‘"‘“"‘=~/«<"“"‘*"*‘*"‘*"*"?’/?w/-“"‘“"/¥°”"/- /-~~~ T K
I LPF/HPF I |
| G1 ™ S1 PA (optional) | 2 |
| | I
| | I
' . Broadband ' !
1 RE generator b. 4 roadband power h |
T — _— _— . — ! p
| % AM amplifier | |
| 80 % /Ij e A ! :
| |
i I E o I
IEC 2489/13
Gt
PA|
LPF/
G1 T S1 PA LPF/HPF T2
(optional)
RF generator | | || / | | Broadband power | | —=
80 % AM [ = amplifier
IEC
G1 RF generator T1 Variable attenuator
PA Broadband power amplifier T2 Attenuator (see 6.1)
LPF/HPF Low pass filter and/or high pass filter (optional)  S1 RF switch

Figure 4 — Test generator setup
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Coupling and decoupling devices

6.2.1 General

Coupling and decoupling devices shall be used for appropriate coupling of the disturbing signal
(over the entire frequency range, with a defined common-mode impedance at the EUT port) to
the various cables connected to the EUT and for preventing applied test signals from affecting
other devices, equipment and systems that are not under test.

The coupling and decoupling devices can be combined into one box (a-CBN-eran-EM-clamp

e.g.

CDN) or can consist of several parts (e.g. current clamp and decoupling clamp).

The
and
modg
exa
not

app

properties, are unlikely to meet the parameters of Table 3.

e impedance seen at the EUT port, is specified in Table 3. If CDNs are not applicable
Mmple the attenuation of the CDN adversely affects the intentional operatioR\of the EUT
available on the market, other injection methods can be used. Rules fof selecting
Fopriate injection method are specified in 7.4. Other injection methods, du€to their elect

ta
ta

(o)

licable H the internal-signal-attenuation-has an tnacce le influence oA
Heabre—+H—the—tHhterRat—SsighatratteRdaton—hassaRtha re—HHuehn ¥

preferred coupling and decoupling devices are the CDNs, for reasons of test reproducihility
protection of the AE. The main coupling and decoupling device parameter, thetcommon

for
, or
the
ical

the

NOT

ek

NOT

e

ded-signal.

Table 3 — Main parameter of the combination
of the coupling and decoupling device

Frequency band

Parameter 0,15 MHz to .24 MHz 24 MHz to 80 MHz

+
N 150 Q + 2000 150%89 o

|Z

Neither the argument of Z__ nor the deécoupling 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 bé met with the AE port open or short-circuited to the

reference ground plane

FE Details regarding clamps ‘are specified in Annex A.
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@_ 50 Q coaxial line

Power, signal or ground cable

50 Q coaxial load

50 Q signal source

T
_Dﬁ_ 150 Q to 50 Q adapter; a box with 100 Q
series resistor between IN and OUT port

50 © measuring equipment, e.g. selective voltmeter

AR NVA
1 aiin , 10 dB50 Q attenuator
— EUTCDNAE [— Coupling/decoupling network (CDN) with EUT,
IN IN and AE ports
1712 = Power attenuator (6 dB)

IEC 2590/13
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50 Q coaxial line

Power, signal or ground cable

50 Q coaxial load

ol
g

[a]

(ALY
AN A

— EUT CDN AE
IN

150 Q to 50 Q adapter; a box with 100 Q
series resistor between IN and OUT port

50 Q signal source

50 Q2 measuring equipment, e.g{voltmeter

10 dB, 50 Q attendator

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

Attenuator (see 6.1)
IEC

Figure 5 — Principle of coupling and decoupling -
Symbols used for the indicated setup principles
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0,1m<L<0,3m

L2 < 0,3 m where possible 12 L |
EUT 0 Q
- — 1
R K Decoupling device @ % . . }\ . . L] CDN —p
Reference ground plane * i ’
0,7 m £ 0,05 m support [ A 230 mm 0,7 m £ 0,05 m support

D, = 0,3 m where possible

01ms=Dy=<03m

A
A

A

EA

h 230 mm

@
-4

Decoupling device

IEC 2491/13

EUT 1

CDN

Refgrence ground pla

B R R T R o o N s s s e s
ne

0,1 m £0,05 m support 0,1 m £0,05 m support

100 ©
uu

Figure 6 ~Principle of coupling and decoupling —
Principle’ of direct injection to screened cables

PR SRt

IEC
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n

-

// EUT
| port

L
—— —— == == ——= C>20nFh

R=nx100Q

I
|
|
I
|
I
| Test generator
|
I
I
I
I
I
|

—— — ————— ] IEC.

Figure 7 — Principle of coupling and decotpling —
Principle of coupling to unscreened cables according to the CDN method
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Low-frequency High-frequency
inductor inductor
AE
-
\
IEC 2593/13
Low-frequency High-frequency
inductor inductor
o) EUT
AE ’ e
) 4
<
Cdec
/
IEC
Example: Typically Cy,. = 47 nF (only*on unscreened cables), L 450 khz) 2 280 pH
Low frequency induetar™ 17 turns on a ferrite toroid material: NiZn, pyp = 1 200
High frequency inductor: 2 to 4 ferrite toroids (forming a tube), material: NiZn, p; = 700
Figure 8 — Principle of coupling and decoupling — Principle of decoupling
6.2.2 Coupling/decoupling networks (CDNs)
6.2.2.1 General
Thelsenetworks comprise the coupling and decoupling circuits in one box. Typical concep of

the
types of CDNs as specified in Annex D. The CDNs selected shall not unduly affect the functional

signals—{see—advice-given—in—Figure—12). Constraints on such effects may be specified in the

product standards.

Guidance is given in 6.2.2.2 to 6.2.2.5 for the selection of CDNs. CDNs shall be selected to
match the number of wires in the EUT port to be tested, for example for a port with three data
lines a CDN-AF3 shall be used.

NOTE Attention is drawn to potential non-linear behaviour of CDNs containing non-linear devices (e.g. clipping
devices).


https://iecnorm.com/api/?name=f9442ec95d93a0dc57df227716e4b70a

— 25—

IEC 61000-4-6:2023 RLV © IEC 2023

Table 4 — Usage of CDNs

6.2.2.2
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by the EUT, especially when using CDN-M1. This can be avoided if the magnetizing effect of the forward current is

cancelled by that due to the return current.
are mandatory (in some cases, these connections-may might be provided by the construction

currents—-may can occur and safety connections from the CDN to the reference ground plane
of the CDN).

NOTE The performance of the CDN can be degraded by saturation of the magnetic material due to current drawn
WARNING — The capacitors used within the CDNs bridge live parts. As a result, high leakage
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6.2.2.3 CDNs 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 a CDN. Figure D.4, Figure D.5 and Figure D.7
show these possibilities:

— CDN-T2 for a cable with one symmetrical pair (two wires);

— CDN-T4 for a cable with two symmetrical pairs (four wires);

— CDN-T8 for a cable with four symmetrical pairs (eight wires).

Th armhaor of cvmmatricnal natro |
oo e ooy rettrToo ottt

Other CDN-Tx networks may be used if they are suitable for the intended frequency fange [and
satigfy the requirements of 6.2.1. For example, the differential-to-common-modeiconversion
losq of the CDNs should have a larger value than the specified conversion ratio-ofithe cable to
be installed or equipment connected to the installed cable. If different conversion ratios|are
spegified for cable and equipment, then the smaller value applies. Often, the' clamp injection
neefds to be applied to multi-pair balanced cables-because if suitable CDNs-might are nol-be
avallable.

6.2.2.4 CDNs for unscreened unbalanced lines

Eorlcounlina and - decounlina-disturbina -sianals to-an-unscre@ned cable with unbalanced- lihes
FoHEoUpHRgaRa-aecodpHRg-aisturohg-stghaistoaRuhscreghea-cabre-WHRHhRdaHaRce a+pes;
CDMNs-a3s deseribed-in Fiaure D 3 for 3 sinale nair and Fiagtwre®D 6 for four nairs mav-be us

N SaS-aescrHbedHh—gureb-otoFa-SHgiepatranRcrighteb-otortodrpasMmay-pbe-use

For|coupling and decoupling disturbing signals to arfunscreened cable with unbalanced lipes,
an AFx or Mx CDN shall be used. Figure D.3 is_afi example for a two-wire CDN (AF2) jand
Figyre D.6 for an eight-wire CDN (AF8).

If np CDN for the unscreened unbalanced"line is applicable, follow the decision chait in
Figyre 20.

6.2.2.5 CDNs for screened cables

Forlcoupling and decoupling disturbing signals to a screened cable, an Sx-type CDN-is shall be
usefl. Figure D.1 is the example for a coaxial cable (S1).

To he able to treat a cable as a screened cable using CDNs for coupling of the disturbing signal,
the |screen shall be\econnected to appropriate ground (e.g. metallic housing, large grojund
structure on a printed circuit board) at both ends of the cable. If this condition is not met,|the
cable-should shall be treated as an unscreened cable.

6.2.3 Clamp injection devices

6.2.31 General

With clamp injection devices, the coupling and decoupling functions are separated. Coupling is
provided by the clamp-on device, while the common-mode impedance and the decoupling
functions are established at the AE. As such, the AE becomes part of the coupling and
decoupling devices{see-Figure-5).-lt should-be-noted-that With clamp injection devices, the AE
is subject to the same injected current as the EUT and therefore needs to be immune to the
test level used.

NOTE-2 The EM clamp provides some decoupling above 10 MHz (see Annex A).

Instructions for proper application are specified in 7.6.
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The current clamp shall not induce significant attenuation. The increase of the transmission

6 dB. A circuit of the

loss of the test jig when inserting the current clamp shall not exceed 1

transmission loss verification setup is shown in Figure 10.

IEC 2593/13

The verification of such performance can be done in two steps. During the first step, the current clamp is

NOTE 1

omitted, and the voltage is recorded. During the second step, the current clamp is inserted and terminated at its input
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port by a 50 Q load, and the voltage is measured. The difference between these two measurements is compared to
the 1,6 dB requirement above.

NOTE 2 For example, with a 5:1 turns ratio, the transformed common-mode series impedance can be neglected
with respect to the 150 Q established by the AE. In this case, the test generator's output impedance (50 Q) is
transformed into 2 Q. Other turns ratios can be used.

The signal level applied to the current injection clamp is set prior to the test. The test
level-setting procedure is specified in 6.4.2 and Figure 10.

NOTE 3 The cable is generally positioned through the centre of the clamp to minimize capacitive coupling.

Test
generator
Current injection
probe
o 50 Q
measurin
device ? é < termination
\ 100 O 1000 7/
ST , : ! S '-/.
| . I ] .
T I ! . I : |
. . | :
! | I I :50Q L ]
v ! i . . ! :
; 50 0! I | ; 3 !
| : H
. i !
I ! I I : i
! ; 1 . !

IEC 259p/13

Test generator

Current injection clamp

50Q
Measurihg 50 Q
device Termination
j []1009 1009[] /
| ool lson | |
L0 [
Y 1 | ! |

1

IEC

Figure 9 — Example of circuit for level-setting setup in a 150 Q test jig
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Current injection
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i () . generator
: 1
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1
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50 Q Termination =

Current injection clamp

Measuring

device
i I:] 100 Q

A

Test generator

100 Q /

34
o}
e

— ¢ — — e — ] s —

e — -
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Figure 10 — Example of circuit for evaluating the-performance transmission loss
of the current clamp level-setting

6.2.3.3 EM clamp

The EM clamp establishes both capacitive and inductive coupling to the cable connected to the
EUT. The construction and performance of the EM clamp are described in Clause A.2 and
Clause A.3.
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6.2.4 Direct injection devices

Direct injection is only applicable to screened or coaxial cables. When using direct injection,
the disturbing signal is injected onto the screen via a 100 O resistor (even if the screen is
ungfounded or grounded at one end only). Between the AE and the injection point, a decolpling
clamp as specified in Clause A.3 shall be inserted as close as possible to the injectien point
(see¢ Figure 6). A ground connection shall be made from the screen of the directihjedtion
dev|ce’s input port to the reference ground plane.

If tHe screen is intended to be grounded at the AE side, a connection fronithe screen of|the
cable under test to the reference ground plane (RGP) should be made a{‘the AE side of|the
decpupling element to improve decoupling and reproducibility unlessCthis connection wguld
sigrificantly deviate from practical application (e.g. remote sensor withJscreened cable).

Wheén making direct connection to foil screens,-a-propercautionshould-be-exercised-to engure
a ggod-connectionproducing contact for reliable test results:

6.2.6 Decoupling networks

Normally, the decoupling network comprises severalinductors to create a high impedance gver
the [frequency range. This is determined by the ferrite material used, and an inductance qgf at
leaqt 280 pyH is required at 150 kHz. The reactance shall remain high, = 260 Q up to 24 MHz
and| = 150 Q above 24 MHz. The inductance‘can be achieved either by having a number of
windlings on ferrite toroids (see Figure 8) orby using a number of ferrite toroids over the cable
(usually as a clamp-on tube).

NOTE The-specificationforclamps-is—given-in-Annex-A- Decoupling clamps are specified in Clause A.3.

The| CDNs as specified in Annex D can be used as decoupling networks with the RF input port
left unloaded, unless stated otherwise elsewhere in this document. When CDNs are used infthis
way], they shall meet the requirements of 6.2. The use of CDNs as decoupling devices is|the
preferred choice. If CONS'are not applicable, decoupling clamps as specified in Clause A.3 ghall
be ysed.

The|decoupling.networks shall be used on all cables not selected for the test, but connected to
the |EUT addtor AEs, or both. For exceptions, see 7.3. Although the preferred choice if to
decpuplesgach cable individually, more cables may be routed in the same decoupling clamp, if
the dimension of the clamp allows that.

6.3 Verification of the common-mode impedance at the EUT port of coupling and
decoupling devices

6.3.1 General

Coupling and decoupling devices are characterized by the common-mode impedance seen at
the EUT port, [Z;|. Its correct value ensures the reproducibility of the test results.

NOTE The common-mode impedance of coupling and decoupling devices is calibrated using the setup shown in
Figure 11 to Figure 14.

The coupling and decoupling devices and the impedance reference plane (Figure 11) shall be
placed on a reference ground plane. The size of the reference ground plane shall exceed the
projected geometry of the setup on all sides by at least 0,2 m.
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The impedance reference point shall be connected to the EUT port of the CDN as shown in
Figure 11. The magnitude of the common-mode impedance seen at the connector on
impedance reference plane shall be measured.

the

The CDNs shall meet the impedance requirements of Table 3 while the input port is terminated
with a 50 Q load and the AE port is sequentially loaded in common mode with a short-circuit
and an open circuit condition as shown in Figure 12. This requirement ensures sufficient
attenuation and makes the setup of the AE, for example open or short-circuited inputs,
insignificant.

If c
imp
to fq
use]

6.3.
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bdance for each AE setup connected to the EUT. For clamp injection it is generally suffic

llow the procedure specified in 7.6.-lnall-othercases-the procedure-defined-in 7.7 5Hal

o For direct injection it is generally sufficient to follow the procedure specifiedqdn 7.7.

2 Insertion loss of the 150 Q to 50 Q adapters

When the test generator is set up prior to testing, the test level shall bexverified in a 15

com
conj
Figu

The

mon-mode impedance environment. This is achieved by connecting the appropr
mon-mode point to a 50 Q measurement device via a 150 Q to(50°Q adapter as show
re 14a). The construction of the adapter is shown in Figure 14Db).

adapters shall be placed on a reference ground plang{ the size of which exceeds

projected geometry of this setup on all sides by at least 0,2 m. The insertion loss is measu

acc
(the
50
rece

brding to the principle of Figure 13. Its value shallbe in the range of (9,5+0,5
oretical value of 9,5 dB caused by the additional“series impedance when measured
) system). Attenuators with suitable VSWR_(suggested: VSWR < 1,2) at the input
ivers and outputs of generators are recommended.
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'Ilhe Coaxial connector shall be connected horizontally to the EUT port.

Tlhe referenee ground plane shall exceed the projection of the coupling and decoupling devices and
gqomponents by at least 0,2 m.

IEC

The height # of the EUT port depends on the individual CDN, which can vary from 0,03 m to 0,10 m; particular

large current CDNs have an EUT port located higher above the reference ground plane.

The impedance reference plane (with the coaxial connector): 0,1 m x 0,1 m for 2 = 0,03 m and 0,175 m x 0,15 m

for other values of 4.

The impedance reference plane and CDN shall have a good RF contact to the reference ground plane.

Figure-a) 11 — Example of the setup geometry to verify the impedance
characteristics of the coupling and decoupling devices

pters

ther
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Impedance N CDN
network analyzer EUT AE —9/g
or similar N IN _{

Impedance CR

reference plane
P —— 500 |_—|
U IEC 2598/13
Reference
point for
Zce
Impedance CDN
network analyzer A EUT AE[7<9/g
or similar AN IN i
Impedance
reference plane
50Q

IEC

The |[mpedance requirement shall be met with the open and closed switch S (see 6.3).

Figure-b) 12 — Setup principle to verify Z_, of the coupling and decoupling device

2 2
) (O Joe e~ AN L
O~ NG/ B A T W/ (B N 5,

}

EC

Insertion loss = U, (switches position 2) — U, (switches position 1)
dB dB(pV) dB(pV)

Figure-¢) 13 — Setup principle for measuring the insertion loss
of two 150 Q to 50 Q adapters
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NQTE LoWwaductance resistor: NOTE Identical to Figure 11 (connector plate),
Pgwer rating = 2,5 W. but with 100 Q low inductance resistor added.
d)/ Circuit of the 150 Q to 50 Q adapter b) Example of construction diagram of the 150 Q| to

JU 32 daUdpler (1TovV T 2 ToU T EXZIIIP|E'

Figure 14 — Circuit and construction of the 150 Q to 50 Q adapter

6.4 Setting of the test generator
6.4.1 General

For the correct setting of the unmodulated test level the procedure in 6.4.2 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, 6.2.1 and 6.3.1.
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The output power of the test generator can be determined by measurement of the
amplifier output power (forward power, as measured using a directional coupler):.

6.4.2 Setting of the output level at the EUT port of the coupling device

The test generator shall be connected to the RF input port of the coupling device. The EUT port
of the coupling device shall be connected in common mode (see Figure 15) through the 150 Q
to 50 Q adapter to a measuring equipment having a 50 Q input impedance. The AE port of the

L ol H ool lo 1 ol ool ol N 4 OO ol 4 n H J..l.'th
cou UTITTY UTVILT STTall UT TUAQUTU TTT CUTTITTTUTT TTITUUT Wil a TJU 321U JU 32 aUdapylicrl, 1TTTThiTdicyu I

50 Q. The setup is shown in Figure 16 for all coupling and decoupling devices.

NOTE-1+—With-direct-injection.—the-150-Q-load-at-the-AE

refefence-ground plane-at the AE port side-

Hred-as-the sereen-is—copnRected tdthe
Hea—as—tne—screen1s—connecteatg—tne

NOTE-2 1 With clamp injection, current clamps are generally bi-directional and hence do not-havé an EUT por{ and
AE port. These devices are calibrated by using a test jig as shown in Figure 9.

Usimg the above-mentioned setup and the following measufement procedure, the test genergtor
sha|l be adjusted to yield the following reading on the measuring equipment.

Progedure to be followed for each coupling device starting at the lowest frequency:

a) Apply a forward power (without modulation) to the coupling device so that the voltage
bbtained equals U, at the output port.,of'the 150 Q to 50 Q adapter.

Record the level of—the—RngeoreFate#Rgen,—and%e# the forward power at the output of|the
pbower amplifier P, and the voltage U,,, at the output port of the 150 Q to 50 Q adapter.
b) [ncrease the frequency by a maximum of 1 % of the present frequency.

c) Repeat steps a) and b) until'the next frequency in the sequence-weould-exceed exceeds|the
highest frequency (for example 80 MHz) in the range of the test. The stop frequency ghall
be included.

The laboratory shall ensure that the amplifier is not saturated. This should be demonstrated by
applying the following procedure:

1) Determine, across all used coupling devices, the highest forward power Py, required
during the level-setting process at each frequency step.
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2) For each frequency, repeat the following steps:
i) set the output level of the power amplifier to Py max

i) increase the control level of the RF signal generator by 5,1 dB;

iii) record the new forward power Py max. inc:

IEC 61000-4-6:2023 RLV © IEC 2023

iv) if the difference P¢rmax inc — Prormax 1S between 3,1 dB and 7,1 dB for all frequency steps,

then the amplifier is in tolerance and the test system is sufficient for testing at
selected test level. If the difference is less than 3,1 dB or more than 7,1 dB then
amplifier is non-linear and is not suitable for testing.

the
the

Altgrnatively, the saturation verification procedure specified above may be directly included in
the Jevel-setting process of each CDN.
Annex J provides information on test generator compression and amplifier non-Jihearity.
In the step a) setting process the voltage U, shall be:
+19%) »
Urr =Uq /6 o, |» in linear quantities, or
-16%
U =Up —15,6 dB £1,5 dB, in logarithmic quantities.
NOTE 32 U, is the test voltage specified in Table 1 and U, is the measured voltage as defined in 3.12 and sfown
in Figure 16. To minimize testing errors, the output level of the tesf generator is set by setting U with 150 Q Ipads
(for instance with the 150 Q to 50 Q adapter and 50 Q terminatign)/and not by setting U,.
NOTE 43 The factor 6 (15,6 dB) arises from the e.m.f. value'specified for the test level. The matched load leyel is
half fhe 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 O measuring equipment.
NOT] 5 Iln case of test instrumentation without amnlifier coutnut nower control the nrocedure is reneated for bach
NOTE 5 In-case-of-test-instrumentation-without_atpplifieoutput-powercontrol-theprocedure-isrepeated-for-pach
coudlinag device and each taraet tast laval Forffadt sustams with amnlifiar outnut nower control or by followind the
ouplling-device-and-each-target-test levelFordost systems-with-amplifieroutput-power—cor by-followingth
nrocbdure for amnlifier linearitv aiven in Anne¥ K the nrocedure of 8 4 2 is done for each counlina device a3t the
procpdure—for-amplifierlinearity-give AnnkX K -theprocedure-of 6.4.2 is-doneforeact ng-device—af-the
highest target test level only.
The] control parameters of thectest generator setting-{softwareparameters,—attenuatorsetiing:
ete:] shall be recorded and(used for testing.
It is|lintended that the-{&st generator setting process should be carried out at least annually jand
whgn significant changes are made to the test generator or its relevant equipment (RF generptor,
amplifier, CDN, eoupling device, etc.), or both.
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n
< ,‘ }o Common-mode point

EUT port IEC

a) Definition of a common-mode point with unscreened cables containing n wires

n

& (=

EUT port

®_Common-mode point

IEC

b) Definition of a common-mode point with screened cables containing n wires

Fjgure 15 — Definition of a common-mode“point for unscreened and screened cablg
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L) 10e device T o/
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A o g
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A
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) =30
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U
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Reference ground plane
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Coupling/decoupling devices:
— ({DNs;
— direct injection network (with decoupling);

— damp injection device (e.g. EM clamp, current clamp with decoupling device).

e applied to unscreened.cables (screened cables have their screens connected to the reference ground glane

a) ihe 150 Q loading, for example’a 150 Q to 50 Q adapter terminated with a 50 Q load at the AE port, shall{only
the AE side).

Figure 16 — Setup for level-setting at the EUT port of the coupling/decoupling devices

7 |[Test setup and injection methods

7.1| \Test setup

The equipment to be tested is placed on an insulating support of 0,1 m £ 0,05 m height above
a reference ground plane. A non-conductive roller/caster in the range of 0,1 m + 0,05 m above
the reference ground plane can be used as an alternative to an insulating support. All cables
exiting the EUT shall be supported at a height of at least 30 mm above the reference ground
plane.

If the equipment is designed to be mounted in a panel, rack or cablnet then it shall be tested
in this conﬂguratlon

Grounding of the equipment shall be consistent with the EUT’s installation instructions.


https://iecnorm.com/api/?name=f9442ec95d93a0dc57df227716e4b70a

IEC 61000-4-6:2023 RLV © IEC 2023 -39 -

Where coupling andfor decoupling devices, or both, are required, they shall be located between
0,1 m and 0,3 m from the EUT (this distance is denoted-Z D in this document). This distance is
to be measured horizontally from the projection of the EUT onto the reference ground plane to
the coupling and/or decoupling device, or both. See Figure 18, Figure 19 and Figure 22.
Subclauses 7.2 to 7.7 provide more detailed information. Annex F shows a test setup example
of a large EUT.

NOTE Distance-£ D is not required to be the same on all sides of the EUT, but is between 0,1 m and 0,3 m.

If the EUT is provided with a human interface device (i.e. keyboard, or any hand-held accessory),
then the artificial hand shall be placed on this human interface device or wrapped around the
accgssory and connected to the reference ground plane. Details on construction, appliedtion
and|use of the artificial hand can be found in CISPR 16-1-2.

Dimensions in metres

AO,1 msD=<03 m

CDN-M1/AH P

s

20,52 [ \ -

EUT e,

[~1

Insulatin,g.s\{qBﬁt

Reference ground plane

T Termination 50 Q

RF generator T2

Test generator

IEC

a8 The EUT clearance from any metallic objects other than test equipment shall be at least 0,5 m.

b The CDN not used for injection shall be terminated with 50 Q, providing only a single return path. An artificial
hand (AH) can also be used, depending on the kind of EUT.

Figure 17 — Example of test setup with a single unit EUT
with only one CDN for injection (top view)

7.2 EUT comprising a single unit

The EUT shall be placed on an insulating support 0,1 m above the reference ground plane.-Fer
table-top-equipment; The reference ground plane may be placed on a table (see Figure 18).
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On all cables to be tested, coupling and decoupling devices shall be inserted (see 7.4.3). The
coupling and decoupling devices shall be placed on the reference ground 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 reference ground plane shall be at least 30 mm.

Custom length of cables can be necessary, i.e. shortened or modified to a length to fulfill the
setup requirements.

The
can
ma
the

The
and

All dleviations exceeding the preferred cable lengths of maximum 30 €y shall be stated in

test|

If the EUT is provided with other earth terminals;when-alowed\n addition to the dedicated
all shall be bonded together and then connected to the‘feference ground plane thro
N-M1 (unless this would significantly deviate from the (ntended installation in practice),
P.2 and Figure 17 (i.e. the AE port of the CDN-M1 is¢hen connected to the reference gro
e).

they
CD\
6.2.
plan

preferred length of cable between EUT and CDN is less than 0,3 m. In case the ta
hot be shortened to this length, the setup shall be stretched out up to a cable(/ehgt
imum 2 m to allow a straight layout of the cable. In case of cable lengths excéeding !
excess cable length shall be laid out in serpentines if the cable is flexible egaugh to do

not bundled or wrapped.

report.

bles
h of
P m,
SO.

excess length of the cable shall be kept at least 30 mm above the reference ground plane,

the

nec
to th
of ¢
one

required for the-defined operation\of the EUT according to the specifications of the pro
mittee, for example communication equipment, modem, printer, sensor,-ete-; as well as
bssary for ensuring any data.transfer and assessment of the functions, shall be conne
e EUT through coupling ard/or decoupling devices, or both.-Asfaras-pessible; The nun
Aables to be tested-may.can be limited; however,-al-types-of physical-poris-should at I

of each physical type port shall be submitted to injection.

juct
AE
tted

ber
past
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Dimensions in metres

0,1m=<D=<0,3m

- L

20,52

20,52 CDN- HT

EUT

1
O

Insulating support

Reference ground plane

T Termination 50 Q

RF generator T2

Test generator

Qnly one of the CDNs not used foripjection shall be terminated with 50 Q, providing only a single return pat
dther CDNs shall be configuredhas-decoupling networks.

IEC

. All

Figure 18 — Example of test setup with a single unit EUT (top view) using multiple C)Ns

7.3

Equipment comprising several units, which are interconnected, shall be tested using one of]

foll

EUT comprising several units

gqwing methods.

Preférred method: Each sub-unit shall be treated and tested separately as an EUT
V.2),, considering all others as AE. Coupling and decoupling devices (or CDNs) shal

Z A \ |l I e ALl

the

see
be
ub-

l pu | +lo lal L PAH 4 4 £ 4+l o HS <l <l 1l
pMIALTU UIT UTT LAaUICo (aLULUTUITYy U 7.5 1) Ul'UTC oUUTUTIIS LUTTOTUTTTU Ao UIC LU T. Al o

units shall be tested in turn.

Alternative method: Sub-units that are always connected together by short cables, i.e.<+%

< 0,4 m, and that are part of the equipment to be tested, can be considered as one EUT.

No

conducted immunity test shall be performed on their interconnecting cables, these cables

being regarded as internal cables of the system. See Figure 19.

The units being part of such an EUT shall be placed as close as possible to each other without
making contact, all on the insulating support. The interconnecting cables of these units shall
also be placed on the insulating support. All other cables shall be tested according to the rules
of 7.4t07.7.

The EUT clearance from any metallic obstacles other than the test equipment shall be at least
0,5 m.
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L LS LIS I
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>0,5m
’_LCDN-MX
iFT T2 :
Lot L) 01m<L<03m !
o zzz-- | E
CTi |
0,1m<L<03m :
i 1/ ] i
y EUT 1 EuT2 TR\ CDN- :
(ex. PC) || (ex. monitor) — o = :
>05m L1 . :
L\ CDN- T 12 -2~ !
e} ]—»a) E

= b) ]

510 Q S = S .

— CDN- Lo !

220 pF !

. \\ L i\ F— T2 :
Insulating support  Artificial hand L

h=0,1m=+0,05m

Groundrreference plane

T Termination 50 Q
T2 Power attenuator (6 dB)

RF generator

IEC 260
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Dimensions in metres
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____________________________________________
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- 1
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1

1
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1
» a ]
1
1
1
i | F=== 1
---— - O---- 112 F----- |
L__d ]
:
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1

1 2]

Reference ground plane

T Termination 50 Q
T2 Attenuator (see 6.1)

7.4

7.4 General

To s

the

likely length of the longest cables.

RF generator

Rules for selecting injection methods and test points

hterconnecting cables (< 0,4 m) belonging to the EUT shall remain on the insulating support.

Figure 19 — Example of a test setup with a multi-unit EUT (top view)

IEC

nly one of the CDNs not used for injectioh shall be terminated with 50 Q, providing only one return patf.
dther CDNs shall be configured as decoupling networks.

elect the'type and number of cables to be provided with coupling and decoupling devi
physiealconfiguration of typical installation conditions shall be considered, for example

All

ces,
the

7.4.2

Injection method

Figure 20 gives rules for selecting the injection method.
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fYES

Use CDN injection

— 45—

Selecting
injection method

Are CDNs
applicable?

Use direct injection
7.8

7.5 1)
YES Screened cable?
2)
NO
Is EM clamp or
NO current clamp injection YES
applicable?

Check the following requirements
I. 150 Q AE impedance
Il. Test setup can meet
Figure 5
Ill. AE sufficientlyimmune

Can requirements
be met?

YES
NO

Use EM"clamp or current
clamp injection 7.6

Use EM Clamp or current
clamp injection 7.7

IEC 2607
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Selecting
injection method

Are CDNs
applicable? ©

Yes No

Use CDN injection

759 Yes

Screened cable? P

Is EM clamp
injection applicable? d

Use direct injection 7.7 Use EM clamp or current

Use EM clamp injection 7.6 or current clamp injection 7.6 clamp injection 7.6

8 dee Table 4.
b dee 6.2.3.

¢ dee 6.2.1.

d  “Applicable” means that the EM clamp cantééhnically accommodate the cable.

NOTE The decision path in the flowchart_prefers test methods using a coupling device, for example CDN of EM
clampp over direct injection, because the uSe of a coupling device is usually more prescriptive and leaves less foom
for individual setups, like direct injection.

Figure 20 — Rules for selecting the injection method

Where-not-specified-herein; Testing shall be performed with the EUT, including selected cables
for {esting-shall-be-configured, installed, arranged and operated in a manner consistent with

typigcal applications. CDNs not listed in this document, but meeting the requirements of |this
docpument, may also be used.

Where’ several cables coming from the EUT are in close proximity over a length of more than
10 m aor“are routed from the EUT to other equipment in a cable tray or conduit, they shouli be
treated as one cable, regardless of cable types present. If the bundle of cables is too large for
testing as one cable, they should be separated by cable type or function (e.g. signal, mains,
screened, etc.) and at least one cable of each type or function tested individually.

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
standard. Examples of CDNs are described in Annex D.

7.4.3 Ports to be tested

{r-any-one-testonly-two150-O-networks-arerequired- In any one test, only two 150 Q networks

are required, one for signal injection, one for signal return path. It is not necessary to connect
unterminated CDNs to all other EUT ports which are not yet undergoing RF test signal injection
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or return path. These other ports can instead be left open (unless the technical function of the
EUT requires a treatment of these ports for operation) until they shall be used for injection of

the

test signal. At that time the suitable CDN can be connected and used for injection on each

of such ports in turn. The-network CDN 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.

7.5

Wheén using the CDN injection, the following measures-need-te shall be taken.

a)

b)

c)

d)

e)

g)

CDN injection application

f the AE is directly connected to the EUT (e.g. no decoupling on the connection between
hem as shown in Figure 21a)) then it is to be placed on an insulating support'0,1 m £ 0,05 m
hbove the reference ground plane and grounded via a terminated CDN,

f the EUT has multiple AEs directly connected to it, only one AE shall be terminated in|this
manner. Other directly connected AEs shall have all other connections decoupled. This
bnsures that there is only one loop terminated with 150 Q at each end.

f the AE is connected to the EUT via a CDN, then its arrangement is not generally crifical
and it can be connected to the reference ground. {plane in accordance with |the
franufacturer’'s AE’s and EUT’s installation requirements.

Dne CDN shall be connected to the port intended(to be tested and one CDN with 50 Q
ermination shall be connected to another portsDecoupling networks shall be installeq on
bl other ports to which cables are attached. Inithis manner there is only one loop terminated
vith 150 Q at each end.

The CDN to be terminated shall be choser’according to the following priority:
1) CDN-M1 used for connection of the earth terminal;
P) CDN-M3, CDN-M4, or CDN-M5\used for mains (class | equipment);

B) CDN-Sn (n =1,2,3...): if the.EUT has several CDN-Sn ports, the port which is closest to
the port selected for injection (shortest geometrical distance) shall be used;

1) CDN-M2 used for AC or DC mains (class Il equipment);

b) Other CDN connected to the port which is the closest to the port selected for injegtion
(shortest geometrical distance).

NOTE 1 Annex gives guidance for an alternative CDN injection process for specific products.

f the EUT has only one port, that port is connected to the CDN used for injection.

NOTE 2-xT'he capacitive coupling path from the EUT to the reference ground plane provides the return path for
he téstysignal.

f\thé EUT has two ports and only one CDN can be connected to the EUT, the other port
shall be connected to an AE that has one of its other ports connected to a CDN terminated
with 50 Q in accordance with the above-mentioned priority. All other connections of the AE
shall be decoupled (see Figure 21a)). If an AE connected to the EUT shows an error during
the test,-a-decoupling-device{preferably a terminated EM clamp}-sheuld may be connected
between the EUT and AE (see Figure 21b)). The interface cable should have enough length
to add the terminated EM clamp without changing the setup.

If the EUT has more than two ports and only one CDN can be connected to the EUT, it shall
be tested as described for two ports but all other EUT ports shall be decoupled. If an AE

connected to the EUT shows an error during the test,—a—decoupling-device{preferably a
terminated EM clamp)-sheould may be connected between EUT and AE, as mentioned above.

If in actual installations the supply wires are individually routed, separate CDN-M1 CDNs shall
be used. All input ports shall be treated separately.



https://iecnorm.com/api/?name=f9442ec95d93a0dc57df227716e4b70a

— 48 —

IEC 61000-4-6:2023 RLV © IEC 2023

If the EUT is provided with functional earth terminals (e.g. for RF purposes or high leakage
currents), they shall be connected to the reference ground plane:

through the CDN-M1 when the characteristics or specification of the EUT permit. In this
case, the (power) supply shall be provided through an appropriate CDN-Mx type network;

when the characteristics or specification of the EUT do not permit the presence of a CDN-M1
network in series with the earth terminal for RF or other reasons (for example, if this would
significantly deviate from the intended installation in practice), the earth terminal shall be
directly connected to the reference ground plane. In this case the CDN-M3 network shall be
replaced by a CDN-M2 network to prevent an RF short-circuit by the protective earth

conductor When the equipment was alrpady supplied via CDN-M1 or CDN-M2? netwarks,
hese shall remain in operation;
— for a three-phase supply, a similar adjustment shall be done regarding the g3e”of an
hppropriate CDN-Mx type network.
Y -\ A I
| |
| RF generator ||
| |
0,1m<L<03m : Test generato :
L - -—EN—7T—-——————=—— -
’* -] | DT
500 AE e :I:TZI:
T ! Interface cable Vi ; | |
! S teqt L _+—
J C unde. ..,
DN D ¢ N DN
+° IR THE R e
/f/ i A, oo 5 e
Reference ground plane 0,1 m £ 0,05 m support 7> 30 mm 0,1 m + 0,05 m support
IEC 2607/13
Theli
T I
| |
0,Im=<L<03m | RF generator — |
L2 < 0,3m where possible :T ¢ : :
est generator
L |<— L -
<—L2—>| ;_ |
50 Q Interface cable 500 |E-Z| |
— / — EUT /]! '
I AE I (equir™~nF L —]--T
€
‘ unde
A—CEN—I SR I— EM clamp iiien I—CDN—>
. ﬂ{& /5< o
Reference gretnd plane 0,1 m + 0,05 m support T/hz 30 mm 0,1 m + 0,05 m support
IEC 2608/13
T2:— Power attenuator (6 dB)
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_ D _ 01m=sD<03m
50Q £
T €
o
' AE Interface
cable QV
<—] CDN2 ” ” '
Reference ground plane “\
0,1 m £0,05 m insulating support 0,1 m £0,05 m insulating support

IEC

a) Schematic setup for a two-port EUT connected to only 1 CDN

RF génerator

01m=sDy=<03m
D, < 0,3 mwhere possible

1
1
D1 Dy Dy
-~ Interface cable - < ™ Test generator| |
7 kb shglunal .
00 500 |g ! :
1
T £ ! |
T i
l—y—‘ 3 EUT e
B _L
- CDN 2 EM clamp ' HE CDN1|—>
R i A d i i b v 2

pRaa /////////////Y///// R P s

Reference ground plane
0,1 m £0,05 m insulating support 0;4*m £0,05 m insulating support
IEC

b) Example: schematic setup when AE.shows errors during the test

T: Termination 50 Q

T2: Attenuator (see 6.1)

CDN} Coupling and decoupling network

Figure 21 — Immunity test for two-port EUT (when only one CDN can be used)

4+ <l 'H baoll L <l £ Ll £ L+l

E'S
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equipment

IEC 4609/13
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Clamp injection application

When using clamp injection, each AE shall represent the functional installation conditions as
closely as possible. The following measures shall be taken:

Each AE used with clamp injection shall be placed on an insulating support 0,1 m + 0,05 m
above the reference ground plane.

The clamp 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 procedure.

A decoupling network shall be installed on each cable between the EUT and AE except the

ol al n &
LAUITC UTIUTT 1TTOL.

All cables connected to each AE, other than those being connected to the EUT;§§? I] be

brovided with decoupling networks, see 6.2.5. Custom lengths of cables can be ss@ry,
hat is, shortened or modified to a length to fulfil the setup requirements. If a-{dnger cable
has to be used due to functional requirements, the excess length of the cab(gyshall be kept
bt least 30 mm above the reference ground plane, and not bundled or w ) d.

he decoupling networks connected to each AE (except those on cab etween the EUT
bnd AE) shall be applied no further than 0,3 m from the AE. The c@‘re(s) between thel AE
bnd the decoupling network(s) or between the AE and the inj n clamp shall no{ be
bundled nor wrapped and shall be kept at a height of 30 mm ore above the refergnce
jround plane.

A\t one end of the cable under test is the EUT, and at tl'gp posite end is the AE. Mulfiple
CDNs can be connected to the EUT and to the AE; hofever, only one CDN on each of|the
FUT and AE shall be terminated in 50 Q. The teQmQation of the CDN shall be chgsen
bccording to the priority in 7.5.

When several clamps are used, the injection i grformed on each cable selected for tesfting
bne by one. The cables which are select% r testing with the injection clamp, but|not
hctually exercised, shall be decoupled in % ordance with 6.2.5.

Fach AE and EUT used with clamp ’@ection shall represent the functional installaftion
conditions as closely as possible, fm\example the EUT shall either be connected tothe
'eference ground plane or pIacedA’sg’an insulating support (see Figure 22 and Figure 23).

The common-mode impedance@f the AE should be less than or equal to the common mfode
mpedance of the EUT porl\g.emg tested. If the AE impedance cannot be lowered without
Changing the usual inst n practice, there is no need to make a special connectiop to
ower the impedance this test. In this case, the test is performed with a setup
fepresenting the ac@@buse.

he induced volt@ is set in the same way as specified in 6.4.2.

By means of
he curre

rrent monitoring probe inserted between the injection clamp and the HUT,
thout modulation) resulting from the induced voltage (set according to 6.4.1)
can be itored. This probe should be kept in close proximity to the injection clamp. Iffthe
Curre monitored and exceeds the nominal circuit value /5, given below, the Jtest
g@étor level may be reduced until the measured current is equal to the /,,, value gjven
peldw _If the test generator level is reduced. then this reduced level shall be recorded inlthe
test report. In case of dispute, the test method limiting the current to I will take

precedence.

max

Inax = Ug/150 Q

During a test, a ground connection shall be made from the earth bar of the EM clamp to the
reference ground plane. If the monitoring probe has a ground bar, it shall also be connected
to the reference ground plane (see Figure 22 and Figure 23).

To ensure reproducibility, the test setup shall be fully described in the test report.
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RF generator |—

Test generator

01m=Dy<0,3m
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/
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il : BiEni
CDN 2 Y| Clamp injection CDN 1
: device ‘Izo s :

TRy ////ﬁ////ﬁ/;./)(};’;’;’;’;’. T, ///////////;7 /Af/;;’-/;<///// 3
Reference ground plane
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0,1 m £ 0,05 m insulating support - Short earthing strap if needed
Measuring
equipment Ec
T: Termination 50 Q
T2: Attenuator (see 6.1)
CDN} Coupling and decoupling network
Figure 22 — General principle of a test setup using clamphihjection devices
Dimensions in millimgtres
-_1T—
g. 0,im=D<03m Reference ground plane
Al -  a
\ CBN-T2
© AE 2 =
CDN-Mx
|< 205 1, EUT d '
I S
Insulating support
50 0 h 0,1 m=0,05m
] CDN-Mx
Insu ;uppod Cla”éz\'/?izdlon — AE 1 — ? =
r@% +0,05 m
. T
1
. ) ! 50 Q
Monitoring probe if needed i EZ'T\ Attenuator (see 6.1)
! R .
- I 1
Measuring | | RF generator | ,
equipment ! !
,  Testgenerator .
- S TEC
T: Termination 50 Q
T2: Attenuator (see 6.1)

CDN: Coupling and decoupling network

Figure 23 — Example of the test unit locations on the ground plane
when using injection clamps (top view)

7.7 Direct injection application
When using direct injection to screened cables, the following measures-need-to shall be taken.

— The EUT shall be placed on an insulating support of 0,1 m height above the reference
ground plane.
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— On the cable being tested, a decoupling clamp as specified in Clause A.3 shall be placed
between the injection point and the AE, as close as possible to the injection point. A second
port of the EUT shall be loaded with 150 Q (see 7.5 and Figure 6 for details). On all other
cables attached to the EUT decoupling networks shall be installed. When left open, a CDN
is considered a decoupling network. See also 6.2.5.

- he injection point shall be located between 0,1 m and 0,3 m from the geometric projection
pf the EUT onto the reference ground plane.

— ['he test signal shall be injected directly onto the shield of the cable through a 100 Q resistor
see 6.2.4).

8 |Test procedure

Thel EUT shall be tested within its intended operating and climatic conditions.

Locpl-interferenceregulations—shall-beadhered-to-withrespectto The radiation from the ftest

setyp can be subject to local interference regulations. If the radiated energy exceeds|the
permitted level, the test shall be performed in a shielded enclosure-shall-be-used.

-

NOTE 1 Generally, this test can be performed without using a shielded enclosure. This is because the disturbpnce
levels applied and the geometry of the setups are not(likely to radiate a high amount of energy, especially af the
lowef frequencies.

The| test shall be performed with the test*'generator connected to each of the coupling dev|ces
N, EM clamp, current clamp) inturn. All other cables not under test shall either be
[ provided with decoupling networks or unterminated

A lgw-pass filter (LPF) andfor a high-pass filter (HPF), or both, for example 100 kHz cut-off
frequency,-may can be_required at the output of the test generator to prevent (higher ordgr or
subt) harmonics from disturbing the EUT. The band-stop characteristics of the LPF shal| be
suffjcient to suppress the harmonics so that they do not affect the results. These filters shall be
insgrted after the\test generator before setting the test level (see 6.1 and 6.4.1).

The| frequeney range is swept from 150 kHz to 80 MHz, using the signal levels (forward poyer)
estgblished during the setting process, and with the disturbance signal 80 % amplifude
modulated with a 1 kHz sine wave, pausing to adjust the RF signal level or to change coupling
devices—as recessary: Yrere—the flcqucnuy IS swept inucnlcnta“y, the step size—stratt not
exceed 1 % of the preceding frequency value. The dwell time of the amplitude modulated carrier
at each frequency shall not be less than the time necessary for the EUT to be exercised and to

respond but shall in no case be Iess than OSS—Ihe—sensrtwe—#equneres—ée—g—eLeek

shaH—be—aanyzed—LFFaddmeﬁ%he—stepped—#eqﬁenees— Potentlally sensmve frequenues shall

be tested in addition to the maximum 1 % step size.

NOTE 2 Since the EUT can be disturbed by transients occurring during frequency stepping, provisions-need-to will
be made to avoid such disturbance. For example, before the frequency change, the strength of the signal can be
decreased a few dB below the test level.

Attempts-sheuld shall be made to fully exercise the EUT during testing, and to fully interrogate
all exercise modes selected for-susceptibility testing.
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use of a special exercising program is recommended.

Testing shall be performed according to a test plan.

lt-may can be necessary to carry out some investigatory testing in order to establish some
aspects of the test plan.

In order to reduce test time, more than one frequency may be applied simultaneously (multiple
signal testing) during a single dwell time, provided the linearity requirements of 6.4.2 are met
on the aggregate signal. At each of the signal frequencies, the test levels shall be the ones

resy
mod
like

pha
fre

The
conj

The
fund
the

The

harmonics and checked to ensure they are not causing a significant effect (se€/ANng

e of the modulation signal during AM modulation shall be identical for all simyltaneous
uencies.

reg}rding modulation effects and Clause 9 regarding the evaluation of the test(fesult).

Evaluation of the test results

following classification may be used as a guidedin formulating performance criteria
mittees responsible for generic, product and product-family standards.

test results shall be evaluated during the @well time and classified in terms of the los
tion or degradation of performance of thedg UT, relative to a performance level derived f
pccompanying documents, for example specification sheets, manuals, user guides.

recommended classification is as follows:

hormal performance within limits specified-by-the-manufacturerrequestororpurchass

he accompanying documefiis;

ceases, and from which the EUT recovers its normal performance, without oper
ntervention;

bperator intervention;

oss of fanction or degradation of performance which is not recoverable, owing to dam
o hardware or software, or loss of data.

Hanufacturer's—specification EUT’s accompanying documents may-define specify eff

Iting from the level-setting procedure for testing with one frequency at a time. he same
ulation is applied simultaneously to each signal. Intermodulation signals shall be_treated

x H
The
test

by

s of
rom

b in

emporary loss of function’or degradation of performance which ceases after the disturbgnce

ator

emporary loss‘of function or degradation of performance, the correction of which requires

age

bcts

he EUT whith-maybe are considered instgnificant, and therefore acceptabte.

EUT performance evaluation should be based on a single cause-and-effect basis. If multiple
test signals were used during testing, ensure that any recorded performance degradation was
caused by a single test signal and was not caused by the combination of multiple test signals.
In case of dispute the single signal test takes precedence.
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10 Test report

023

The test report shall contain all the information necessary to reproduce the test. In particular,
the following shall be recorded:

identification of the EUT and any associated equipment, for example brand name, product

type, serial number, software, etc.;
the size of the EUT;

representative operating conditions of the EUT;

+lo |l I e

batlk H
vITCLUTCT UTC LU T 10 LUOLCU do d OIIIHIU Ul IIIUILI'.IIU L‘IIII.7

he types of interconnecting cables, including their length, and the interface port of the"l
o which they were connected;

any specific conditions for use, for example cable length or type, shielding orf@roeunding
EUT operating conditions, which are required to achieve compliance;

he recovery time of the EUT if necessary;

he type of test facility used and the position of the EUT, AE(s) and ¢eupling and decoup
Hevices;

dentification of the test equipment, for example brand nameproduct type, serial num
software, etc.;

he coupling and decoupling devices used on each cable,

or each injection port, indicate which decoupling devices were terminated in 50 Q;
h description of the EUT exercising method;

bny specific conditions necessary to enable the test to be performed;

he frequency range of application of the test;

he rate of sweep frequency, dwell time\and frequency steps;

he-applied test level set;

he number of tones and grouping\used (if applicable);

bccompanying documents;
he performance criteria_that have been applied;

any effects on the EUT observed during or after application of the test disturbance and
Huration for which these effects persist;

he rationale for-the pass/fail deC|S|on—€based—en—the—pe#eFmaﬂee—eﬁteﬁen—spee+f+ed—m

FUT

, Or

ling

ber,

he performance level—defined” specified by the—manufacturer—requestor—or—purchdser

the

%

heneric—product-or product-familv-standard—or-agreed-between manufacturer
HeRerc—proauct-orproagdct-ramhy-—stanaara,—oragreeaobetweed aRdHactures

purchaser).

-
D
()
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Annex A
(normative)

EM and decoupling clamps

A.1  EM clamps

A.1.1 General

Annlex A deals with the requiremenis of EM clamps. The EM clamp (in contrast to]the
conyentional current injection clamp) has directivity above several tens of MHZz=[The
congtruction and concept of the EM clamp are shown in Figure A.1 and Figure ATygical
chaflacteristics of impedance can be found in Figure A.7. Typical characteriStics of |the
decpupling factor can be found in Figure A.8. Typical characteristics of the coupling factor|can
be found in Figure A.11. These characteristics were measured using the proc¢edure described
in Jlause A.2.

A.1]2 Typical-Specification of EM clamps
EM [clamps are used for injection into cables. The requirements dre:

— pperating frequency range: 0,15 MHz to 80 MHz;

— length: 650 mm + 50 mm;

— height of clamp opening centre above ground planet 50 mm to 70 mm;
— ¢lamp opening diameter: 20 mm £+ 2 mm;

— ¢lamp reference point (distance from outer dimension to first core): < 30 mm.

The Jelectrical characteristigs\'shown in Figure A.7, Figure A.8 and Figure A.11 can also be achieved using ¢ther
physjcal dimensions (e.g(totest larger diameter cables).
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EM clamp 0,15 MHz - 80 MHz
4C65 (5%) 4C65 (5%) ;

i - 3C11 (26x)
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700
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Lower part {top/view)
IEC 261)/13
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Dimensions in millimetres

EM clamp 0,15 MHz - 80 MHz
Elevation (section)

B 3C11 (26%) ., 4C65(5x) _, | 4C65(5x) _
11 6 £ 6 i 1 2
Y
\/\/J 2 B\/ \x 35
28 A 4 A AR AR RSN A 4 KN ARG | AR AR RO AR AR L N AR AROR ARG 98 AN G K 13
) ) N | \
— | { ® \l \
D N P G S I N\ I IR 5 IR ¢ e
ANV
| AN\ NN g —
V- 1
12 4 3
635 o
- 700 -

Lower part (top view)

Components

1 Ferrite ring cores & 36 mmr *©J 23 mm x 15 mm

10 rings, type-4C65; NiZn, u ~ 100

26 rings, type3CH+tL MaZn, p ~ 4 300

Semi-cylinder of copper foil glued to the groove

3 Lower conductor plate

Earth bar

5/6 Devices. for pressing the cable under test into the groove
Parts'from insulating material with pressure springs (not shown)

7 Ferrite tube, 4C65
8 Coaxial cable, 50 O with BNT connector
9 Switch for the disconnection of Z,

10 Slot for part no. 2

11 Elastic fixing of ferrite (upper semi-ring)
12 Lower insulating plate

13 Protection plate for Z,, Z,

EUT Equipment under test
Z, Series impedance: C,: 20 pF to 100 pF, L;: 0,15 pH, R;: 50 Q /12 W

z, Series impedance: L2: 0,8 pH, R2: 50Q/12 W

Figure A.1 — Example: Construction details of the EM clamp
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1
2
X
A || EUT
r___'___'i r___'___'i
iZae : ZZ Z1 iZeut :
[ 0
| ! | I
I ! I !
I ! | I
| | () | |
! l ! :
7
2 |]" 4 - H 5
e LNV T
2 s
Comlponents

1

A.2

A.2

A tq
abo
jig g
refe
Figu
The)
be 3

Ferrite tube (clamp) length 0,6 m, @ 20 mm, consisting of 10 rings, 4C65,(u_* 100) at the EUT
side and 26 rings 3C11 (u = 4 300) at the AE side

Semi cylinder of copper foil

Ferrite tube (u  100) included in the EM clamp construction

b Built-in to optimize the frequency response and directivity
Test generator

iple of the EM clamp:
agnetic coupling by the ferrite tube (item 1);

lectric coupling by close proximity between EWT ‘table and copper foil (item 2).

Figure A.2 — Example: Concept of the EM clamp

EM clamp characterization

1 Specificationof the clamp test jig

st jig used for.measuring the S-parameters of clamps shall have a cylindrical metal
ve a metal plate(reference ground plane) as shown in Figure A.4 and Figure A.5. The
onsists of three sections: one section forming a transmission line in the jig between the
rence planes, and two reference planes with lossless 50 Q adapters, see Figure
re A.4and Figure A.5. For the characterization of the EM clamp, a single metal rod is us
length of the metal rod (Lp + Lg + L is set to allow the dimensions of Figure A.

atisfied.

reference)

rod
test
two
A.3,
bed.
5 to

The diameter d of the cylindrical rod shall be 4 mm. The height # above the ground plane is
defined constrained by the dimensions of the clamp. Typical values are 50 mm up to 70 mm.
The measurement shall be performed at the height-defined given by the construction of the
clamp using the centre position of the clamp opening.

The distance between the clamp reference point (15t core) and the vertical flange of the jig L,
and Lg shall be 30 mm + 5 mm (see Figure A.5). The size of the reference ground plane shall
exceed the projected geometry of the setup on all sides by at least 0,2 m.
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Front view Side view Side view details

-
Metallic plane
(e.g. copper)
S 4 mm N connector
- metal rod
- == I
! 100 ' ' 100 '

IEC

-~ | LReference -~ | LB

{— e Ty

IEC

Figure A.4 — Testjig

| |
E[ I-; Clamp under test : ]]

Reférence ground plane

Height /# above the Metal rod 4 mm
ground plane diameter

IEC
Figure A.5 — Test jig with inserted clamp

A.2]2 Clamp_ characterization
A.2]2.1 Impedance

A.2]12.11 Measurement setup

Thetestjigas—defreg specifiedm A 2 shattbe used for the impedance measurement. The
clamp (i.e. injection port) shall be terminated with a 50 Q load and placed into the test jig, see
Figure A.6. For impedance measurement the EM clamp is treated as a two-port device which
can be characterized by its S-parameters S44, S, So1 and S,, measured in a 50 Q system using

a network analyzer. Prior to the measurement the network analyzer shall be normalized at the
cable ends (to be connected to the jig) using a standard through-open-short-matched (TOSM)
method with an appropriate calibration kit. The length between the cable end and the clamp
reference point shall be respected by a port offset of the vector network analyzer (VNA) or by
other means.
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50 Q termination

VNA port 1 Iy o . Ig VNA port 2
- | — ]
L Injection connector i
| n i |
[ i w
a EM clamp <! ]:|
Reference ground plane IEC

Figure A.6 — Impedance / decoupling factor measurement setup

A.212.1.2 Transformation
The| S-parameters obtained from the network analyzer measurement as describedqin ‘A.2.2.1.1
are [measured in a 50 Q system. However, the characteristic impedance Z;ef af\thie test jiig is
typigally different from 50 Q. It is determined by the height of the clamp epenring above|the
grolind plane. Using ABCD transformation, a set of transformed parameters independent from
Z.o5lcan be obtained using the following formulae:
NOTE All calculations are performed with complex numbers.
Zref:SOQ (A.1)
14+ 811 (1= S90 )% 5158
= (1 S14)(1- S50 512521 h.2)
2854
1+ 811)01+ S99 ) = S48
_ (14 8411+ S22) — $12521 T (A.3)
1-811)(1=895)— S45S
_(1=511)(1-522) - 512 217 (h.4)
1=811)(1+ 895 )+ 8155
p = (1=511)(1+ 522)+ 512521 (h.5)
Basied<on the ABCD parameters a set of S-parameters based on the characteristic impedgnce
7' .o Of the test]ig can be calculated.
Zior =60 Qxcosh™ (%J (A.6)

where

d is the jig conductor diameter (defined specified to be 4 mm);

h is the height of the centre of the jig conductor above the ground plane.
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B =Bl Zg (A7)
C'=C-Zyg (A.8)
. A+B -C-D
S =225 (A.9)
A+B +C +D
¢ . 2(4D-BC) al10)
12 = ' '
A+B +C +D
2

Spp=— o (Al11)
A+B +C +D

' ~A+B -C +D
Spp=——F— (A}12)
A+B +C +D

A.212.1.3 Impedance calculation

Thelinput impedance is given by

Zin = Lref ' (A}13)

Figyre A.7 gives typical examples of the impedance curve for three different EM clamps.
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EM clamp - [Z_EUT]| (TOSM - ABCD transformation)
400

350

300 - g i e

i
I
|

L = =|= T T T T T — —

|
Il
[l
|
L
]
Tl
T
T
7

i

~
S - ) =~

250 ~ \\

1\

A\

NN
N\

200 SN

N
N

150 ~

100

50

Frequency (MHz) EC

Figure A.7 — Typical examples for clamp impedance, three typical clamps

FE  The impedance measured according to this procedure is valid.for the case where the far end of the dgvice
minated by Z . This value-may can be different when using the elamp in immunity test setups due to the] real

npedance.

2.2 Decoupling factor between EUT and AE

measurement setup and the transformation shall be applied as described in A.2.2.1.1 [and
2.1.2. The decoupling factor is calculated by

,\
>
——
N
N

- 10 21))

a[dB] = 20l0g;q (| s'21|) (Al14)

re A.8 gives-typical examples of the decoupling factor curve for three different EM clamps.
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a (dB)

A.2

EM clamp - decoupling factor (TOSM / ABCD transformation)

bl e Bl Bl e Ll e e S e [y myps Ty g

I
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|
N
// 1

I,
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-8 \

~10 A

-12

14

-16

-18

Frequency (MHz)

Figure A.8 — Typical examples for decoupling factors, three typical clamps

2.3 Coupling factor

0,1 1 10 100

IEC

Thel| coupling factor shall be measured in a 150 Q systetm according to the setup showh in
Figure A.10. The test jig as described in A.2.1 shall bé used with the following modificatipns:

The

height of the cylindrical rod shall be adjusted.fo)be in the bottom position of the clamp
opehing. Furthermore 150 Q to 50 Q adapters shalibe inserted in the reference planes. H

rior

to the measurement the setup shall be normalized by connecting the reference planes of the jig
back to back, see Figure A.9. The use of two 10 dB attenuators as shown in Figure A.9 [and

Figuyre A.10 is recommended.

VNA port 1 VNA port 2
($21) (S21)

EI 10:dB :l 100 Q 100 Q lI 10dB ']

Reference ground plane

IEC

Figure A.9 — Normalization setup for coupling factor measurement

VNA port 1
(S21)

VNA port 2
(S21) L Ig
Injection connector : 50 Q
! termination
|
EI 10 dB [I 100 Q EM clamp W 100 Q |ﬂ 50 Q

Reference ground plane

Figure A.10 — S, coupling factor measurement setup

IEC
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Figure A.11 gives typical examples of the coupling factor curve for three different EM clamps.

EM clamp - coupling factor

\[\

\
\
!
|

2

-5

Coupling factor (dB)
N

-10

-15
0,1 1 10 100
Frequency (MHz)

Figure A.11 — Typical examples for coupling,factor, three typical clamps

A.3] Decoupling clamp characterization

A.3]1 General

Deqgoupling clamps are used for decoupling. Typical characteristics of impedance can be fojund
in Higure A.13. Typical characteristics~of the decoupling factor can be found in Figure AlL14.
Thejse characteristics were measuyred using the procedures described in A.3.3 and A.3.4.

A.3]2 Specification of degoupling clamps
The|requirements are:

— pperating frequeney range: 0,15 MHz to 80 MHz;

— fecoupling 25.dB in the frequency range above 1 MHz (measured in ABCD transformation,
Corresponds-to > 14 dB measured in a 50 Q system);

— heightofthe centre of the clamp opening above the ground plane: 35 mm to 70 mm;

— tlatp’reference point (distance from outer dimension to first core): < 30 mm.

A.3.3 Impedance
A.3.31 Measurement setup

The test jig as-defined specified in A.2.1 shall be used for the impedance measurement. The
decoupling clamp shall be placed into the test jig, see Figure A.12. For impedance
measurement the decoupling clamp is treated as a two-port device which can be characterized
by its S-parameters S, S, So4 and Sy, measured in a 50 Q system using a network analyzer.

Prior to the measurement the network analyzer shall be normalized at the cable ends (to be
connected to the jig) using a standard TOSM method with an appropriate calibration kit. The
length between the cable end and the decoupling clamp reference point shall be respected by
a port offset of the network analyzer or by other means.
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VNA port 1 < <8, VNA port 2

T [
Decoupling clamp under test ]]

Reference ground plane EC

Figure A.12 — Decoupling clamp characterization measurement setup

A.3]3.2 Impedance calculation
The|transformation as described in A.2.2.1.2 shall be applied. The input impedance iS)given by
' 1+S»;1
Zin = Zyef —— (A15)
1—S11
|Z] (TOSM - ABCD transformation)
2000
1800
1600 —
/ N
\
1400 7 S
1200 ’ .
5 /| \
3 / \
~ 1000
N ’ \
800 — e ~—
L4 7 1T === ~ |
600 — - = -+
400 - — T
200 - e
0
0,1 1 10 109
Frequency (MHz)
— ——Decoupling clamp -—-—-CMAD s
Figure A.13 — Typical examples for the decoupling clamp impedance
NOT I'he Impedance measured according to this procedure Is valid Tor the case where the tar end ot the device

is terminated by Z_ .. This value-may can be different when using the clamp in immunity test setups due to the real

ref
AE impedance.

A.3.4 Decoupling factor

The measurement setup and the transformation shall be applied as described in A.3.3.1 and
A.2.2.1.2. The decoupling factor is calculated by Formula (A.14).

— 10 21

(A _18)
IRADRRSY)

NOTE Decoupling devices used for other applications are possibly not suitable for this document. For example, the
common-mode absorption device (CMAD) (CISPR 16-1-4) is designed for good decoupling between 30 MHz and
200 MHz and-might is therefore-be less suitable for the lower frequency range indicated in this document.
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Decoupling factor (TOSM / ABCD transformation)

10

15

20

25

30
0,1

1 10
Frequency (MHz)

——— Decoupling clamp — < CMAD

Figure A.14 — Typical examples for decoupling factors
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Annex B
(informative)

Selection criteria for the frequency range of application

Annex B is provided for guidance to the product committee. Although the requirements in this
document 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 than 0,4 m and

with
bechuse it is unlikely that the induced RF energy resulting from the disturbing EM field will'u

the

In general, the stop frequency will be 80 MHz. In some cases, where small sized equipme
congidered (dimension—<-/4 < 2/10), dedicated product standards may-preseribe specify

the

out any metallic cable(s) connected thereto, does not need to be tested below 80 MHz

device.

pset

nt is
that

stop frequency is extended up to a maximum of 230 MHz. The coupliffg-and decougling

dev|ces in this case shall then meet the parameter of common-mode impgdance seen at|the

EUT

are

ava

the

influenced by the size of equipment, the type(s) of interconnecting cables used, and

dedicated product standards.

Table B.1 — Main parameter of the combination of the coupling and

decoupling device when the frequency range of the-test is extended above 80 MHz

[ port specified in Table B.1. When using this test method up to higher frequencies, reqults

the

lability of special CDNs, etc. Further guidance for proper application should be supplied in

Frequency band
Pafameter 0,15 MHz to 24 MHz 24 MHz to 80 MHz 80 MHz to 230 MHZ
ALY 150 Q +20 Q 150*89 Q 150 Q + 60 Q
Neither the argument of Z_  nor the decoupling:factor between the EUT port and the AE port are specified

arately. These factors-are-embodiedin-theequirementthatthe-tolerance-of-{Z_ | shall be met with the AE port
opgn or short-circuited to the reference ground plane.

If a
spe

in the frequeney-range from 9 kHz to 150 kHz.

Thel| start)frequency depends on whether the equipment including its connected cable

cap

product commiitee decides to use CDNs for frequencies between 9 kHz and 150 kHz
Cification forthé impedance for the frequency range 0,15 MHz to 24 MHz shall also be

hblé of receiving a large amount of RF energy from the disturbing EM field.

Three different situations are considered.

a) Battery-powered equipment (dimension—<-/4 < A/10) which has no connection(s) to ground

b)

nor to any other equipment and which is not used during battery charging, does not nee

d to

be tested according to this document. If the equipment will be operated during battery

charging, case b) or c) applies.

For battery-powered equipment (dimension—=2X/4 =1/10), its size, including the maximum

length of the cables connected, determines the start frequency, as shown in Figure B.1

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.
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c) Equipment connected to a (power) mains network which is also connected via control and

/O or telecommunication cables to other insulated or non-insulated equipment.

The start frequency is 150 kHz.

100 M

Jstart = 0L

10M <

€

The

il = XT T

C O o O = T =hT

fstart (HZ)

100 k
0,1 1 10 100 1000

Extension L (m)

IEC

3 x 108 m/s

cable length + equipment size
ollowing is a list of examples:

or a cable only connected to a keyboard (extended dimension-=-/4 = 1/10) powered from a battery-ope
ersonal computer, with a coiled cable having a length of 4 m, the start frequency should be 6,67 MHz.
eyboard should be covered by the artificial hand. For a mouse having just 2 m of cable, the start frequ
ould be 15 MHz, etc.

pocket calculator with an AC/DC ‘adapter option, should be tested on the mains side of the adapter from 150
pwards. The pocket calculatorshould be covered by the artificial hand.

hand-held battery-supplied ‘multimeter which can have connections to ground should be tested on its ca
om 150 kHz upwards. The multimeter should be covered by the artificial hand.

double insulated (mains) compact disc player which can be connected to an audio receiver, connectgq
sulated loudspeaker boxes, but also having an antenna input terminal which can be connected to ground sh
e tested on bothhmains supply and audio cable(s) from 150 kHz upwards.

burglar alatm-having various insulated sensors distributed through a building, of which the maximum leng
able may(extend 200 m (manufacturer's EUT's specification) should be tested on these cables from 150
pwardss

Figure B.1 — Start frequency as function of cable length and equipment size

ated
The
ency

kHz

bles

d to
ould

th of
kHz
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The

Annex C
(informative)

Guidelines for selecting test levels

test levels should be selected in accordance with the electromagnetic radia
environment to which the EUT and cables-may can be exposed when finally installed. The
consequences of failure should be kept in mind in selecting the test level to be used. A higher
level should be considered if the consequences of failure are large.

tion

IfthJe
a cal

knon it-may can be possible to measure the actual field strength at the location(s),concerned.
Forlequipment intended for operation in a variety of locations, the following guidelines-may|can
be followed in selecting the test level to be used.

Thel|following classes are related to the levels listed in Clause 5; they are-considered as genjeral
guidelines for the selection of the appropriate levels:

Class 1: Low-level electromagnetic radiation environment. Typical level where radio/
television stations are located at a distance ofd#nore than 1 km and typical level
for low-power transceivers.

Class 2: Moderate electromagnetic radiation{,/ environment. Low-power portable
transceivers (typically less than 1 W-rating) are in use, but with restrictions on
use in close proximity to the equipmeéent. A typical commercial environment.

Class 3: Severe electromagnetic radiation-environment. Portable transceivers (2 W jand
more) are in use relatively closé to the equipment but at a distance not less than
1 m. High-powered broadéast transmitters are in close proximity to |the
equipment and ISM equipment-may can be located close by. A typical indusirial
environment.

Class X: X is an open level\which-may can be negotiated and specified in the dedicated
equipment specifications or equipment standards.

Theltest levels described are typical values which are rarely exceeded in the locations described.
At gome locations these values are exceeded, for example in the proximity of high-pgwer
transmitters or ISM_equipment located in the same building. In such cases, it—may [can
be preferable to shield the room or building, and filter the signal and power wires to[the

equjpment, rather than specifying all equipment to be immune to such levels.

EUT is to be installed at a few sites only, then inspection of the local RF sources ena
culation of field strengths likely to be encountered. If the powers of the sources are

bles
not
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Annex D
(informative)

Information on coupling and decoupling networks

Basic features of the coupling and decoupling networks

CDN should provide:

023

The
spe

In A
inte

L (|

The
plan
cha

The
indi

The
cab
nee

It is
is n
warn

WA

be |
con

Eoupling of the disturbing signal to the EUT,
stable impedance, seen from the EUT, independent of the AE common-mode impgdang
Hecoupling of the AE from the disturbing signal to prevent interference of the AE;
ransparency to the wanted signal.

required parameters for the CDNs in the frequency range 150 kHz {0,860 MHz are-¢{
Cified in 6.2.1 and examples are given in Clause D.2.

igure D.1 to Figure D.7, the common-mode impedance, Z ., is.formed by the sum of

ce’

L| >> 150 Q), the decoupling elements, C,, should net nfluence Z,.

centre of the EUT port on the CDN should be located 30 mm above the reference gro

Facteristic impedance of about 150 Q if located*30 mm above the reference ground plar

impedance of capacitors C4, providing:RDC and LF separation of the test generator and
Vidual wires of the CDN, should be much less than 150 Q in the frequency range of inter

es or by a common-mode idductor L only. For screened cables, the capacitors C, are
ded as the screen will be'connected to the reference ground plane at the AE side.

essential for unscreened cable that the value of C, is chosen such that the wanted si

pt unduly affected/ It is not permissible for CDN parameters to be unduly affected by
ted signal, for example in CDN-M1, saturation of the ferrite(s).

RNING, £ Since C4 and C, bridge live parts in the mains CDNSs, suitable Y capacitors s

sed~Due to the high leakage current, the CDN shall have an earth terminal which shal
hected to the reference ground plane under all test conditions, and the reference gro

plan

ven

the

rnal resistance of the test generator (50 Q) and the parallel*eombination of the resistors
fronmp the conductors of the cable under test (100 Q). With 'the use of a suitable indu

ctor

und

e. The cable between the CDN and the EUT caf then represent a transmission line with a

e.

the
est.

AE is decoupled by a comman=mode inductor L, and by the capacitors C, for unscreened

not

gnal
the

hall

| be
und

eshall he appmprinfply cannected ta the prn’rprtivp earth

D.2

Examples of coupling and decoupling networks

A number of possibilities are shown in Figure D.1 to Figure D.7 because it is impossible to cover
all functional requirements with one CDN.
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IN port

- | [\ L A
AEporti_ W Y

%

EUT port

C
_-
1]

IEC

00 Q
80 uH at 150 kHz

~ =
n

v
N

Figure D.1 — Example of a simplified diagram for the circuit of CDN-S1
used with screened cables (see 6.2.2.5)

IN port

°
PE 2228
AE port N ~E EUT port
°
: T 7
1T

y
l_< IEC

CDNrM3, C, (typical™= 10 nF, C, (typical) = 47 nF, R = 300 Q, L 2 280 pH at 150 kHz

CDNEM2, €, {typical) = 10 nF, C, (typical) = 47 nF, R = 200 Q, L = 280 pH at 150 kHz

CDNEM#, 'C/ (typical) = 22 nF, C, (typical) = 47 nF, R = 100 Q, L = 280 uH at 150 kHz
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IN port

R
[} — C1
N s
AE port EUT port
Py /'Y'Y'Y'\'
sz == L

,_"
IEC

C, (typical) = 10 nF

C, (typical) = 47 nF

R =200 0Q

L 2280 uH at 150 kHz

Figure D.3 — Example of a simplified diagram for\the circuit of CDN-AF2
used with unscreened unbalanced lines (see 6.2.2.4)

IN port

L]
p—oof
) L, D
R
r'v'v'vﬂ. > - C1 I

AE port EUT port

,—0
IEC

C, (typicaly = 10 nF,

C, (typical) = 47 nF, R = 200 Q
L, 2280 pH at 150 kHz

L, =1Ls;=6 mH (when C, and L, are not used, L, 2 30 mH)

Figure D.4 — Example of a simplified diagram for the circuit of CDN-T2,
used with an unscreened balanced pair (see 6.2.2.3)
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IN port

|
~
(&)
|

L]

AE port

EUT port

C (ty

00 Q

6 mH

C (ty

l—(l

pical) = 5,6 nF

280 uyH at 150 kHz

IEC

Figure D.5 — Example of a simplified diagram-of the circuit of CDN-T4
used with unscreened balanced\pairs (see 6.2.2.3)

IN port

s

Common-
mode choke

AE port

H

jcal) = 2.2 nF

EUT port

IEC

R =800 Q
L » 280 pH at 150 kHz

Figure D.6 — Example of a simplified diagram of the circuit of CDN AF8

used with unscreened unbalanced lines (see 6.2.2.4)
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IN port

C — I — - —_—
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Y Y. —

AE port WO _ EUT port

e

Y'Y —

Y —
e

YN

C (typpical) = 2,2 nF

R =800 Q

L, >»{280 pH at 150 kHz
, » 6 mH at 150 kHz

Figure D.7 — Example of a simplified diagram of the circuit of CDN-T8
used with unscreened balanced pairs (see 6.2.2.3)
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Annex E
(informative)

Information for the test generator specification

The-avaiable required output power of the power amplifier, PA (see Figure 4), is determined
by taking into account the attenuator T2(6-¢B} (see 6.1), the amplitude modulation depth (80 %
— see Figure 3), and the minimum coupling factor of the CDN or clamp used (see Table E.1).

Injection device Minimum coupling factor £ 1,5 dB l:fgl:nitr:ft z‘f"’;;’
dB W.
CDN 0 7
Curfent clamp winding (ratio 5:1) -14 176
EM|clamp _6 28

adapters in series.

NOTE The coupling factor is defined in 3.6. It can be measured by using the\output level-setting circuit
Figdre 16). The coupling factor is the ratio between the output voltage U, obtained when using a coupling

decpupling device in series with a 150 Q to 50 Q adapter, and the output, woltage when using two 150 Q to §

see
and

0 Q
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Annex F
(informative)

Test setup for large EUTs

F.1 General

The test setup as described in the main body of this document (see Clause 7) is not fully
sufficient to cover the needs of some large EUTs with cables entering or exiting the EUT at
heights greater than 1 m. As the upper frequency of the test signal is 80 MHz, EUT size-fray
can|be considerable compared to the wavelength, and resonance effects-may can be present
with cables that are connected to such EUTs.

In this case, Annex F provides an alternative test method applicable to large EUTS that pldces
the [coupling device near to the cable entry, resulting in a small loop area with reduced
resgnance effects.

Examples of large EUTs to which Annex F may apply include, but aremotlimited to, the folloying:

— fack-mounted telecommunication switching systems;
— electrical machinery;

— rack-mounted switch and control gear.
F.2| Test setup for large EUTs
Examples of the test setup for large EUTs are shown in Figure F.1 and Figure F.2.

Thelelevated reference ground plane shawn'in Figure F.1 is the reference ground plane for|this
test|setup. The purpose of the elevatedreference ground plane is to reduce the length of cable
between the EUT and CDN, thereby-controlling or reducing the effects of resonances in|the
cables.

Thelsize of the elevated reference ground plane shall be large enough to extend a minimumn of

0,2 |m beyond all CDNs used in the test.-The-length-of cable-undertest betweenthe EUT and

The|elevated reference ground plane shall be electrically connected to earth for safety reasons.
Thig connection is not significant from an RF point of view-in-case-that-more-than-one-CDN-is

usef for the setup.

NOTE 1 The physical construction of the elevated reference ground plane and its support structure to ensure a
mechanically safe condition are important.

If the EUT is provided with other earth terminals than a PE lead in the power input, they all shall
be bonded together and then connected to the reference ground plane through CDN-M1 (unless
this would significantly deviate from the intended installation in practice).

The equipment to be tested should be placed on an insulating support of 0,1 m + 0,05 m in
height above the ground plane. In case the equipment is delivered on a transport pallet, and if
due to its excessive weight or size it cannot be safely removed from its transport pallet, then
the EUT may be left on its pallet for testing even if its height exceeds 0,1 m + 0,05 m. In case
the equipment, because of size or weight, cannot be elevated 0,1 m + 0,05 m, thinner insulation
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may be used provided the EUT is electrically isolated from the ground plane. Any variation from
the standard method of testing shall be recorded in the test report.

The AE may be located on the elevated reference ground plane but does not need to be located
on it provided the AE is connected to the EUT via a CDN. When direct injection is used, the AE
may be located off of the elevated reference ground plane provided proper decoupling is used.
In the case where clamp injection is used instead of injection via a CDN, the AE shall be located
on the elevated reference ground plane.

EUT ground
connection through
M1 to additional

plane in this test CDN-M1 CDN AE
| — ’—J
7/ d Elevated referencs
round plane
/ ™ ° P
EUT
Insulating
support ./
\ Earth
connection
L - hA

Ground plane

Figure F.1 — Example oflarge EUT test setup with elevated
horizontal’reference ground plane

The| vertical reference ground plane shown in Figure F.2 is the reference ground plane for this
test|setup. The purpose of thelvertical reference ground plane is to reduce the length of cable
between the EUT and CDN,,thereby controlling or reducing the effects of resonances in|the
cables.

NOTE 2 The vertical reference ground plane-may can be more applicable than the horizontal elevated refergnce
groupd plane in cases where cables enter/exit the EUT at multiple heights or where only one CDN is applied.

Thel|vertical reference ground plane shall be electrically connected to earth for safety reas¢ns.
Thig connection is not significant from an RF point of view.

The| size of the vertical reference ground plane shall be large enough to extend a minimum of
0,2 m beyond all CONS USed In the test. In case of an EUT having only one line, the—verteat
horizontal reference ground plane shall-extend-te-the-floorand be bonded to the floor with low
inductivity. The length of cable under test between the EUT and CDN shall be a maximum of
0,3 m. The distance between the EUT and the vertical reference ground plane shall be such
that the 0,3 m cable length requirement can be satisfied. A wall of a shielded room can be used
as the vertical reference ground plane.

The CDNs shall be mounted to the vertical reference ground plane at a height that allows cables
from the EUT to pass to the CDNs in a horizontal alignment.

The-statements—given specifications for the test setup using a horizontal elevated reference
ground plane (i.e., insulating support and location of AE) apply for the test setup using a vertical
reference ground plane accordingly.
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EUT
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_E CDN-M1

Vertical ground plane

Earth connection

[ <

IEC,

Figure F.2 — Example of large EUT test setup with vertical reference ground plane
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Annex G
(informative)

Measurement uncertainty of the voltage test level

G.1 General

Annex G gives information related to measurement uncertainty (MU) of the voltage generated
by the test instrumentation according to the particular needs of the test method contained in
the main body of this document. Further information about MU can be found in the publicatjons
listdd in the Bibliography.

Annex G focuses on the uncertainties for level-setting as an example and shows how an
uncgrtainty budget can be prepared based both on the measurement instrumentation
uncertainty and the voltage test level-setting procedure described in 6.4. Other parameters of
the |[disturbance quantity (e.g. modulation frequency, modulation depth, etc’)-may can be of
equpl importance and should also be considered by the test laboratoryas appropriate. [The
methodology shown in Annex G is considered to be applicable toVyall parameters of|the
disturbance quantity.

The| subject of Annex G is the evaluation of MU of the voltage-level set in the case of 150 Q
EUT impedance as required by the test level-setting procedure in 6.4. The analysis of gon-
repfoducibility issues related to tests made by different laboratories on the same EUT are|out
of the scope of Annex G.

G.2 General symbols

Thel general symbols that appear in Table*xG.1 and that are listed below are a subset of tHose
defiped in IEC TR 61000-1-6:

X; input quantity;

X; estimate of ..

u(x;)  standard uncertainty of x;.

c; sensitivity coefficient;

y result of a measurement (the estimate of the measurand), corrected for all recognized

significantisystematic effects;

us()) (combined) standard uncertainty of y;
U(y] expanded uncertainty of y;

k coverage factor;

oX; correction for the influence quantity X;.

G.3 Uncertainty budgets for test methods

G.3.1 Definition of the measurand

The measurand is the open circuit test level U, as defined in Clause 5.

NOTE U, is the voltage supplied through a coupling device to a 150 Q load at a specific frequency comprised
between 150 kHz and 80 MHz. For the purpose of measurement uncertainties, it is expressed in dB(pV).
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G.3.2 MU contributors of the measurand

The following influence diagrams (Figure G.1, Figure G.2, Figure G.3 and Figure G.4) give
examples of influence quantities upon voltage test level.-t-should-be—understood-that The
diagrams are not exhaustive. The most important contributors from the influence diagrams have
been selected for the uncertainty budget calculation examples shown in Table G.1 to Table G.8.
At a minimum, these contributors listed in Table G.1 to Table G.8 shall be used for the
calculation of MU in order to obtain comparable budgets for different test sites or laboratories.
It is noted that a laboratory may include additional contributors (for example, type A) in the
calculation of the MU, on the basis of its particular circumstances.

Test generator  Test generator Mismatch Setup for
Level meter level level drift level meter/CDN level setting

Test generator
linearity
Uncertainty of

Voltage test

level
Power ampilifier
compression
SW levelling  Power amplifier CDN calibration Mismatch test 150 Q to 50 Q adapter

precision harmonics data generator/CDN

IEC

Figure G.1 — Example of influences upon voltage test level using CDN

Test generator Test generator Mismatch
Level meter level level drift level meter/clamp 150 Q to 50 Q adapter
Test generator
linearity

Uncertainty of
voltage test
level

Power amplifier
compression

SW levelling  Power amplifier Monitoring system EM clamp Mismatch test
precision harmonics (current probe calibration generator/clamp
and meter) [EC

Figure-G:2 — Example of influences upon voltage test level using EM clamp

Test generator Test generator 150 Q to 50 Q Mismatch level
Level meter level level drift adapter meter/clamp
\ \ Test generator \ \ \

lirearty

Uncertainty of
voltage test
level

Power amplifier

compression
SW levelling  Power amplifier Monitoring system Clamp Mismatch test
precision harmonics (current probe calibration generator/clamp
and meter)

IEC

Figure G.3 — Example of influences upon voltage test level using current clamp
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Mismatch
Test generator Test generator test generator/ 150 Qto 50 Q
Level meter level level drift injection adapter

Test generator

linearity
Uncertainty of
voltage test

level

Power amplifier
compression

SWevelling Power ampiiiier Direct Injection Decoupling
precision harmonics characterization devices

IEC

Figure G.4 — Example of influences upon voltage test level using direct.injection

G.3|3 Input quantities and calculation examples for expanded uncertainty

The

pro

leve

whi

diffq

set

The

pro

edure is used for generating the voltage test level (the meastrement setup for the

0 zero (see notes below Table G.1 to Table G.8).

uncertainty budgets for each process.

Tab
unc

examples below assume that the same instrumentation usedqinothe test level-sefting

test

I-setting is that depicted in Figure 16 and Figure G.5), exceptdor'the measuring instrument,
th is absent during the test. However, the uncertainty contributions that would exidft, if
rent instrumentation is used, are shown in Table G.1 to<Fable G.8 but their values can be

refore, it has to be recognized that the contributions which apply for the level-sefting
ess and for the test-may will possibly not be“the same. This leads to (slightly) diffefent

e G.1 to Table G.8 give examples of an 'uncertainty budget for voltage level-setting. Hach
brtainty budget consists of two parts,\the uncertainty for level-setting and the uncertginty

for test. The level-setting process determines the relation between U, and U, (see Figure G.1.)
Dur|ng the test process, U, is reproduced.

1)

Uncertainty budget whenxising CDN

Tabje G.1 and Table G.2.give examples of an uncertainty budget for voltage level-setting
an dncertainty budgét for the test using CDN.

Model function.for"CDN voltage level-setting process (all quantities in logarithmic units):

Ug = ULme + 15,6 dB + SLM + SRCAL + SSETUP + 8SW, + SML

and

Explanation of conftributions:

U mc Voltage indication U, from the power meter directly in or converted to dB(uV).

NOTE 1 The other symbols are included in the explanation of terms below.

Model function for CDN test process (all quantities in logarithmic units):

Uy = Uy + 20 log (6/5) + SBLMC, + 8CAL + 8SW,

UX = ULMC + 20'09(5)

NOTE 2 The symbols are included in the explanation of terms below.


https://iecnorm.com/api/?name=f9442ec95d93a0dc57df227716e4b70a

-84 — IEC 61000-4-6:2023 RLV © IEC 2023

50Q

Generator/power amplifier/attenuator 6 dB

ULmcett
¢ A

100 Q

Coupling decoupling network
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100 Q
Test jig =

U,
LMc I 1

50Q

Level meter S)

Y 1 | /

Figure G.5 — Circuit for level-setting setup of CDN

IEC

Table G.1 — CDN level-sétting process

dB

Syfnbol Uncertainty Source X Utx;) | unit | Distribution| Divisor | wx) Junit [ i [ wi [unit] w,0)f
SRCAL 150 Q - 50 Q adapter, deviation 0,3|dB rectangular 1,73 0,17|dB 1 0,17|dB Q,03
150 Q - 50 Q adapter, calibration 0,2|dB norfmal k=2 2 0,10|dB 1 0,10|{dB Qq,01
OSETUP Setup for level setting 0,4|dB normal k=1 1 0,35|dB 1 0,35|dB Q0,12
LM Level meter 0,5|dB rectangular 1,73 0,29|dB 1 0,29|dB Qq,08
oSW SW levelling precision 0,3{dB rectangular 1,73 0,17|dB 1 0,17|dB 0,03
SLM({ , (3,4)|Level meter in control loop 0|dB  |[rectangular 1,73 0,00[dB 1 0,00|dB 4,00
6TG J (3,4) |Test generator 0[dB rectangular 1,73 0,00|dB 1 0,00|dB 0,00
oMT{ (5) [Mismatch test generator/CDN 0/dB  [U-shaped 1,41 0,00{dB 1 0,00(dB 4,00
oML Mismatch level meter/CDN 0,5|dB U-shaped 1,41 0,35|dB 1 0,35|dB Q,13
Su,(»)° 4,40
Combined uncertainty u() = VEu, (v) 2 Q.63
Expanded uncertainty (CAL) U=u(y) xk,k =2 1,27

Table G.2 — CDN test process

Syfnbol ||  Uncertainty Source X Utx;) | Unit | Distribution| Divisor | u(x;) [Unit | ¢; | u:0) | Unit| u;®°
JCAL Level setting 1,27{dB normal k=2 2 0,63|dB 1 0,63|dB 0,40
JLM TS A TEevet TTeter i controt foop 03108 TeCtangutar 73 O 17 0B t O 7108 0,03
JTGt (3,4) [Test generator 0|dB rectangular 1,73 0,00|dB 1 0,00{dB 0,00
JOMTt (5) Mismatch test generator/CDN 0,3{dB U-shaped 1,41 0,21|dB 1 0,21{dB 0,05
oSW't SWlevelling precision 0,3|dB |[rectangular 1,73 0,17|dB 1 0,17|dB 0,03

Su;(v)° 051
Combined uncertainty u(y) = VEu, (y)° 0,71
Expanded uncertainty U=u(y) x k k =2 1,42|dB

NOTE 3 Either LMC or the test generator (TG) contributions enter into Table G.1 and Table G.2 for level-setting
andfor test, or both, depending on whether a control loop for the signal generator and amplifier output level is used
or not. In this example, the test generator does not contribute to the uncertainty budget because it is part of the
control loop. The contribution from the control loop is established by the level meter (see also Note 4). However, the
test generator is included in Table G.1 and Table G.2 to remind the test labs that they can consider this item

depending on the labs’ particular test setup.-ta-this-case-a-more-detailed-analysisof the TGcontribution-isneeded;
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see—explanation—of-terms- The explanation of terms provides explanation and guidance on analysis of the TG
contribution.

NOTE 4 If the same equipment is used for level-setting and testing, then only the contributions of repeatability and
linearity enter into Table G.2 for the test process. The contribution for the level-setting can be neglected.

NOTE 5 ame-circuitis-used-fo v and-te & by ab
G1-and-G-2- This contribution is normally zero in Table G.1 since it is incorporated in the result of the level setting
process due to the control loop. If a different circuit is used for level setting and test, the impact of the different
setups and the reproducibility of the test setup are contributing to this uncertainty source in Table G.2. If the same
circuit is used for level-setting and testing, then these contributions can be neglected.

Explanation of terms:

RCAL - is the uncertainty of the 150 Q to 50 Q adapter. This contribution can normally be
obtained from the calibration report. Alternatively, the insertion loss can be measuréed-using a
network analyzer (see Figure 13). The maximum deviation from the specified loss+(9)5 dB) [and
its galibration uncertainty should be included in Table G.1 and Table G.2. It is_re€Commen|ded
that| 0,5 dB be used if the calibration certificate states only the compliance to the tolerance

NOTE 6 Deviations can be corrected in the software. In this case, the maximum deviation can be reduced t¢ the
interpolation uncertainty and calibration uncertainty.

NOTE 7 The impedance of the 150 Q to 50 Q adapter can also be measured djrectly, for example, using a network
analyzer or taken from the calibration certificate. In this case, the deviation from 100 Q and the calibration uncertpinty
can be inserted in Table G.1 and Table G.2. The sensitivity coefficient ¢, fopthis/ contribution is changed accordingly.

SETNUP - is a combination of uncertainties introducedby the setup for level-setting, |j.e.,
calibration fixture, the connection between the CDN and the CDN adapter and the refergnce
grolind plane impacts, for example, contact to the-reference ground plane. This contribution
can|be derived from reproducibility tests with changing conditions or estimated on the basis of
expgrience as shown in the example.

LM} — is the uncertainty of the level meter, i.e., the voltmeter or power meter used| for

megsurement of the level at the output:of the CDN. It is taken from the-manufacturer’s EYT’s
spegifications in the example but-ceuldcan be determined from other sources as well.

SW{ — is the uncertainty derived-from the discrete level step size of the signal generator jand

softivare windows for level-setting during the level-setting process. The software window |can
usuplly be adjusted by the test lab.

LMC . — is the unceftainty of the level meter, i.e., the voltmeter or power meter used for|the

confrol loop forthe’ signal generator and amplifier output level. It can be taken from|the
marufacturer’s EUT’s specifications or determined from other sources.

TG — is-the uncertainty of the test generator including frequency generator, power amplifier

and|attentator. It can be taken from the-manufacturer’s EUT’s specifications or determined from
othersources

NOTE 8 The uncertainty of the individual components of the test generator (for example, signal generator, power
amplifier stability, power amplifier rapid gain variation, attenuator, etc.) can be assessed separately, especially where
a control loop is not used in the test setup.

MT_ — is a combination of the mismatches between the amplifier, the attenuator and the CDN.

ML - is the mismatch between the CDN and the level meter.

CAL - is the expanded uncertainty of the test voltage level in the level-setting process.



https://iecnorm.com/api/?name=f9442ec95d93a0dc57df227716e4b70a

- 86 — IEC 61000-4-6:2023 RLV © IEC 2023

LMC, - is the uncertainty of the level meter, for example, the voltmeter, used at the output of
the power amplifier taken from the-manufacturer’s EUT’s specification. Alternatively, a power

met

er can be used in order to obtain a lower uncertainty.

TG, — is the uncertainty of the test generator including the frequency generator, the power

amplifier and the attenuator. It can be taken from the-manufacturer’'s EUT’s specifications or
determined from other sources.

NOTE 9 The uncertainty of the individual components of the test generator (for example, signal generator, power
amplifier stability, power amplifier rapid gain variation, attenuator;-ete-) can be assessed separately, especially where

a co
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MT{ - is a combination of the mismatches between the amplifier, the attenuator and the.C

Thig
for |

evel-setting and test.

SW{ — is the uncertainty derived from the discrete level step size of the signal generator

soft

ware windows for level-setting during the test process. The software.window can usuall

adjysted by the test laboratory.
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Uncertainty budget when using an EM clamp

e G.3 and Table G.4 give examples of an uncertaintycbtdget for voltage level-setting
ncertainty budget for test using an EM clamp.

el function for an EM clamp voltage level-settingprocess (all quantities in logarithmic un
Ug=ULpe + 15,6 dB + OLM, #ORCAL + BSETUP + dSW, + DML

anation of contributions:
. Voltage indication U, from(the power meter directly in or converted to dB(uV).

FE 10 The other symbols are included in the explanation of terms below.

el function for EM clamp test process (all quantities in logarithmic units):

Uy= U, + 20 log (6/5) + SBLMCy + SCAL + 8SW, + SAETERM

UX = ULMC + 20|Og (5)

F\19/ The symbols are included in the explanation of terms below.

DN.

contribution can be neglected if the same setup, i.e., the attenuator and cables; is Used

and
be

and

its):



https://iecnorm.com/api/?name=f9442ec95d93a0dc57df227716e4b70a

IEC 61000-4-6:2023 RLV © IEC 2023 - 87 —

Table G.3 — EM clamp level-setting process

Symbol Uncertainty Source X; Ufx;) | Unit | Distribution| Divisor | u(x;) |Unit | ¢; | w: | unit| w.m®

SRCAL 150 Q - 50 Q adapter, deviation 0,3|dB rectangular 1,73 0,17|dB 1 0,17|dB 0,03
150 Q - 50 Q adapter, calibration 0,2|dB normal k=2 2 0,10(dB 1 0,10|dB 0,01
OSETUP Setup for level setting 0,35|dB normal k=1 1 0,35|dB 1 0,35|dB 0,12
OLM Level meter 0,5|dB rectangular 1,73 0,29(dB 1 0,29|dB 0,08
ISW ¢ SW levelling precision 0,3|dB  |rectangular 1,73 0,17|dB 1 0,17|dB 0,03
SLMC . (12,13)|Level meter in control loop 0|dB  [rectangular 1,73 0,00{dB 1 0,00{dB 0,00
oTG, (12,13) |Test generator 0|dB  [rectangular 1,73 0,00({dB 1 0,00{dB 0,00
OMT ; (14) Mismatch test generator/clamp 0|dB  |U-shaped 1,41 0,00{dB 1 0,00{dB 0,00
OML Mismatch level meter/clamp 0,5|dB U-shaped 1,41 0,35|dB 1 0,35|dB 0,13
Su;(y) 0340
Combined uncertainty u(y) = VEu ()’ 0,63

Expanded uncertainty (CAL) U=u(y) x k,k =2 1,27|dB

Table G.4 — EM clamp test process

S{mbol Uncertainty Source X U(x;) | Unit | Distribution] Divisor | utxy) [unitdici | w; [unit] u.00?
JCAL| Level setting 1,27|dB normal k=2 2 0,63|dB 1 0,63|dB 0,40
0LM{(12,13) |Level meter in control loop 0,3|dB rectangular 1,73 0,174dB 1 0,17|dB 0,43
O0TG|(12,13) |Test generator 0|dB rectangular 1,73 0,001dB 1 0,00|dB 0,90
OMT|(14) Mismatch test generator/clamp 0,3|dB U-shaped 1,41 0,21|dB 1 0,21|dB 0,d5
ISW SW levelling precision 0,3|dB rectangular 1,73 0,17|dB 1 0,17|dB 0,03
JAETERM AE termination 2,5[dB  |rectangular 1,73 1,45[dB 1 1,45[dB 2,d9

Su;()° 2,40
Combined uncertainty u(y) = 1/Zu,-(y) 2 1,41
Expanded uncertainty U=u(y) x k, k =2 3,42|dB

NOTE 12 Either the LMC or the test generator (TG)\contributions enter into Table G.3 and Table G.4 for Igvel-
settihg and/or test, or both, depending on whethera control loop for the signal generator and amplifier output Jevel
is usled or not. In this example, the test generator-does not contribute to the uncertainty budget because it is part of
the I)ntrol loop. The contribution from the controlloop is established by the level meter (see also Note 13). Howegver,
the test generator is included in Table G.3_and Table G.4 to remind the test labs that they can consider this|item
depgnding on the labs’ particular test setuptn-this-case-a-more-detailed-analysisof the TGcontributionisneqded-
See-lexplanation—of-terms- The explagation of terms provides explanation and guidance on analysis of thg TG
contfibution.

NOTE 13 If the same equipment’is used for level-setting and testing, then only the contributions of repeatapility
and |inearity enter into Table'\G.4 for the test process. The contribution for the level-setting can be neglected.

NOTE 14 Hinto
Iabtl&@%ﬁand%# T his contrlbutlon is normaIIy zero in TabIe G.3 smce it is |ncorporated in the result of the Jevel
settihg process duétq'the control loop. If a different circuit is used for level setting and test, the impact of the diff¢rent
setups and the_reproducibility of the test setup are contributing to this uncertainty source in Table G.4. If the dame
circdit is used(fop level-setting and testing, then these contributions can be neglected.

Explanation of terms:

Several items apply in principle as in the previous example (CDN method). These items are not
explained here; the previous example should be consulted.

NOTE 15 Uncertainty related to 7.4.1, where a monitoring probe is used and current limitation is applied, is not
considered in Annex G. In this case, the value of U, is no longer the same as that determined in the level-setting

procedure, but it is reduced to an unknown value. Therefore, no uncertainty can be assigned to U, in this case.

AETERM - is the effect of the AE impedance, which should be maintained at 150 Q (assumed
ideal impedance of the EUT). Deviations from this value have significant influence especially in
the Iower frequency range (below 10 MHz) where the d|rect|V|ty of the EM clamp is weak.-tr

eumerreat#atu&ersed%%h&e*ampte&her& Th|s |mpedance devratlon can have a S|gn|f|cant

effect on the actual test level. The impedance mismatch will in practice determine the
percentage of test signal going to the EUT or AE. If the AE impedance is higher than the EUT
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impedance, more test voltage is going to the AE rather than to the EUT. A lower value may be
used for frequencies above 10 MHz.

This contribution can be investigated experimentally using a network analyzer. The coupling
factor of the clamp can be measured for a 150 Q AE impedance and compared to different AE
impedances.

3) Uncertainty budget when using a current clamp

Table G.5 and Table G.6 give examples of an uncertainty budget for voltage level-setting and
an yncertainty budget tor test using a current clamp.

Model function for current clamp voltage level-setting process (all quantities in logarithmic units):

Ug = U e *+ 15,6 dB + LM, + SRCAL + BJIG + 8SW + SML

Explanation of contributions:
U Mc Voltage indication U, from the power meter directly in or converted to dB(uV).
NOTE 16 The other symbols are included in the explanation of terms below:

Model function for current clamp test process (all quantities.in logarithmic units):

Ug = Uy + 20 log (6/5) + SLMC, +BCAL + 5SW, + SAETERM

UX = ULMC + 20|Og (5)

NOTE 17 The symbols are included in the exptanation of terms below.

Table G.5 — Current clamp level-setting process

S{mbol Uncertainty Source X, [ U(x;) [ Unit [Distribution] Divisor | #(x) Junit [ ¢; [ w9 Junit] w.6)?

ORCAL 150 Q - 50 Q adapter, deviation 0,3|dB rectangular 1,73 0,17]dB 1 0,17|dB D,03
150 Q - 50 Q adapter, calibration 0,2|dB normal k=2 2 0,10|dB 1 0,10|dB D,01
oJIG Test jig 0,5|dB normal k=1 1 0,50|dB 1 0,50|dB D,25
OLM Level meter 0,5|dB rectangular 1,73 0,29|dB 1 0,29|dB ,08
oSW SW levelling/preeision 0,3|dB [rectangular 1,73 0,17[dB 1 0,17|dB D,03
OLM({ ., (18,19) |Level meter inControl loop 0|dB  |rectangular 1,73 0,00{dB 1 0,00{dB D,00
oTG | (18,19) |Test generator 0|dB rectangular 1,73 0,00|dB 1 0,00|dB D,00
SMT ] (20) VITSMatch est generator/cramp 0[dB~ [U-shaped T47 0,00[dB T 0,00[dB 00
OML Mismatch level meter/clamp 0,5|dB U-shaped 1,41 0,35|dB 1 0,35|dB D,13
Su;)° D53
Combined uncertainty u(y) = VE u i) ? D, 73

Expanded Uncertainty (CA7) U=u@) x k. k =2 ,46|dB
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Table G.6 — Current clamp test process

NOT]
and/
orn
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Symbol Uncertainty Source X; U(x;) | unit | Distribution| Divisor | uy) [unit | ¢; [ w0 Junit] =372
0CAL Level setting 1,46|dB normal k=2 2 0,73|dB 1 0,73]|dB 0,53
JLMC (18,19]Level meter in control loop 0,3|dB rectangular 1,73 0,17|dB 1 0,17|dB 0,03
0TG(18,19) |Test generator 0|dB rectangular 1,73 0,00|dB 1 0,00{dB 0,00
OMT, (20) Mismatch Test generator/clamp 0,3|dB U-shaped 1,41 0,21|dB 1 0,21|dB 0,05
SSW SW levelling precision 0,3|dB rectangular 1,73 0,17|dB 1 0,17|dB 0,03
OAETERM AE termination 2,5|dB  |rectangular 1,73 1,45|dB 1 1,45|dB 2,09

Su;()° 2,72
Combined uncertainty u() =V u, () 2 1,65
Expamded-umcertainty = K, k=2 ,30|dB

br test, or both, depending on whether a control loop for the signal generator and amplifier ouiput level is

ol loop. The contribution from the control loop is established by the level meter (see also Note 19). How

inearity enter into Table G.6 for the test process. The contribution for thie level-setting can be neglected.
F 20
ess due to the control loop. If a different circuit is used for Iéyvel setting and test, the impact of the diff

it is used for level-setting and testing, then these contribuytion$ can be neglected.

anation of terms:

s are not explained here; one of the-previous examples should be consulted.

F 21 Uncertainty related to 7.4.1 wheére a monitoring probe is used and current limitation is applied i

FE 18 Either LMC or the test generator (TG) contributions enter into Table G.5 and Table G.6-for)level-sqgtting

Lsed

t. In this example, the test generator does not contribute to the uncertainty budget because' it is part of the

bver,
item
ided-

est generator is included in Table G.5 and Table G.6 to remind the test labs that they,can consider this
nding on the labs’ particular test setup.-ta-this-case—a-more-detailed-analysis-of the T& contribution-is-neqd
lexplanation—of-terms- The explanation of terms provides explanation and gujdance on analysis of thg TG
ibution.

FE 19 If the same equipment is used for level-setting and testing, then only) the contributions of repeatapility

tbles

brd-G-6- This contrlbutlon is normally zero in Table G 5 smce it isfincorporated in the result of the level sdtting

rent

s and the reproducibility of the test setup are contributing €0 this uncertainty source in Table G.6. If the dame

eral items apply in principle as in the previous examples (for example, CDN method). These

not

consfdered in Annex G. In this case the value of U, is no longer the same as that determined in the level-sqtting

proc

JIG|-
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oducibility tests with*changing conditions or estimated based on experience as done in
mple.

Uncertainfy-budget when using the direct injection method

e G:7xand Table G.8 give examples of an uncertainty budget for voltage level-setting
n€ertainty budget for test using the direct injection method.

bdure, but it is reduced to an uhknown value. Therefore, no uncertainty can be assigned to U, in this case,

is a combination of uncertainties due to the test jig. This contribution can be derived from

the

and

Model function for direct injection voltage level-setting process (all quantities in logarithmic
units):

Exp

Ug = U e + 15,6 dB + BLM, + SRCAL + SSETUP + 3SW, + SML

lanation of contributions:

U mc Voltage indication U, from the power meter directly in or converted to dB(uV).

NOT

E 22 The other symbols are included in the explanation of terms below.

Model function for direct injection test process (all quantities in logarithmic units):
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Uy = Uy + 20 log (6/5) + BLMC, + SCAL + SSW, + 8DD

UX = ULMC + 20|Og (5)

NOTE 23 The symbols are included in the explanation of terms below.

Table G.7 — Direct injection level-setting process

Symbol Uncertainty Source X; Utx;) | unit |Distribution| Divisor | ux) [unit | ¢; [ w; [ unit| u;0?

ORCA 150 O - 50 O adapter, deviation 0.3|dB _ [rectangular 173 0.17|dB 1 017]dB 0,03
150 Q - 50 Q adapter, calibration 0,2|dB normal k=2 2 0,10|dB 1 0,10|dB ,01
OSET{P Set-up for level setting 0,5|dB normal k=1 1 0,50|dB 1 0,50|dB 25
OLM | Level meter 0,5|dB rectangular 1,73 0,29(dB 1 0,29(dB Q,08
oS SW levelling precision 0,3|dB  [rectangular 1,73 0,17|dB 1 0,17|dB ,03
OLM({ ; (24,25) |Level meter in control loop 0[dB  |rectangular 1,73 0,00({dB 1 0,00[dB (4,00
0TG .|(24,25) |Test generator 0(dB rectangular 1,73 0,00(dB 1 0;00(dB ,00
oMT J(26) Mismatch test generator/CDN 0[dB  |U-shaped 1,41 0,00({dB 1 0,00(dB ,00
OML Mismatch level meter/CDN 0,5|dB U-shaped 1,41 0,35|dB 1 0,35|dB 13
Su()° 53
Combined uncertainty u(y) = /2u ) ? 73

Expanded uncertainty (CAL)NU=u(y) x k,k =2 1,46|dB

Table G.8 — Direct injection test process

Symbol Uncertainty Source X; Utx;) | unit [Distribution| Divisor | wtxy) Junit | ¢; [ wi@ Junit] w;0?
SCAL Level setting 1,46/dB normal k=2 2 0,73|dB 1 0,73|dB 0,58
OLM({((24,25) |Level meter in control loop 0,3|dB rectangular, 1,73 0,17|dB 1 0,17|dB 0,08
0TG|24,25) |Test generator 0|dB  [rectafgular 1,73 0,00|dB 1 0,00|dB 0,0
OMT |(26) Mismatch test generator/clamp 0,3|dB U-shaped 1,41 0,21|dB 1 0,21(dB 0,0p
OSW SW levelling precision 0,3|dB fectangular 1,73 0,17|dB 1 0,17|dB 0,08
oDD Decoupling devices 2,3[dB  [réctangular 1,73 1,33[dB 1 1,33|dB 1,7

Su;()° 24
Combined uncertainty u(y) = VEu ; (») ? 1,55
Expanded uncertainty U=u(y) x k, k =2 3,1p|dB

NOTE 24 Either LMC or TG contributions enter into Table G.7 and Table G.8 for level-setting and/or test, or both,
depgnding on whether a control loop for the signal generator and amplifier output level is used or not. In this example,
the tgst generator does npt'contribute to the uncertainty budget because it is part of the control loop. The contriblition
from|the control loop is'established by the level meter (see also Note 25). However, the test generator is includgd in
Tablg G.7 and Table G 8’ to remind the test Iabs that they can conS|der th|s item dependlng on the labs’ part|,u|ar
test petup. 4 The
expl@nation of teyms prowdes explanatlon and guidance on anaIyS|s of the TG contrlbutlon

NOTE 25 _if-the same equipment is used for level-setting and testing, then only the contributions of repeatapility
and |inearity) enter into Table G.8 for the test process. The contribution for the level-setting can be neglected.

NOTE-26—lf-the-same-cHouiis-used-forlovalsatiing-and-testing—thenthese-contrbutions-do-not-enterinto-the-Tables
77

G-7-and-G-8- This contribution is normally zero in Table G.7 since it is incorporated in the result of the level setting
process due to the control loop. If a different circuit is used for level setting and test, the impact of the different
setups and the reproducibility of the test setup are contributing to this uncertainty source in Table G.8. If the same
circuit is used for level-setting and testing, then these contributions can be neglected.

Explanation of terms:

Several items apply in principle as in the previous examples (for example, CDN method). These
items are not explained here; one of the previous examples should be consulted.

DD — is a combined uncertainty of the decoupling devices and the AE termination. Good
decoupling gives less effect due to the AE termination, poor decoupling gives a strong effect.
This contribution can be calculated from the impedance of the decoupling element.
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G.4 Expression of the calculated measurement uncertainty and its application

MU is calculated in logarithmic units to make it homogeneous with the uncertainty contributions
to the test level uncertainty (e.g. voltmeter amplitude specification and adapter insertion loss
calibration) usually expressed in dB. Hence, the best estimate also shall be expressed in

logarithmic units (e.g. dB(uV)).

The voltage test level shall be reported in terms of the best estimate of the voltage and its
expanded uncertainty. The best estimate shall be the average of the voltage U, over the

relevant frequency range.

Thel|following is an example of the presentation of measurement uncertainty:

In Iggarithmic units:

/g = 129,5 dB(pV) + 1,36 dB (example for CDN injection)

Thig corresponds in linear scale to:

/g =3V + (17 %) — (14,5 %)

The|calculated MU may be used for a variety of purposes, forrexample, as indicated by pro

juct

usefl for adjusting the test level that is applied to EUTs during the test process. It is also[not

intehded to be used in the assessment of the voltage tolerance requirement, as j

spefified in 6.4.

standards or for laboratory accreditation. It is not intended that the result of this calculatio:[ be

(1| IEC/TR 61000-1-6:2012, Electromagnetic compatibility (EMC) —Part 1-6: General yide

[21 LIKAS M30N0N3 Edition2-200% Tha vpression—of Incertainty _and Confidenc in
E=3] oo, o v oo, aHHO R P o —E=XPreSSIo o—JAce atHy—aha—co aehec +A
[31 ISONEC Guide 98-3-2008 Incertainty of measurement Dart 2- Guide to the exnression
o7 o> IHE o SHHGE IS Loues FACEHIHHY O easStherert —aH o StHae 10 Ne-exXpPresSyio!
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Testing with multiple signals

General

023

Annex H provides information related to testing EUTs with multiple signals during one dwell
cycle in order to reduce the overall test time. It provides information related to:

e the intermodulation effects created by multiple signals,

o the power required to generate multiple signals,

H.2

eac

fre

The

he level-setting requirements, A
inearity checks, and Qy
EUT performance criteria with multiple signals. ('{/b
X
Intermodulation b((b‘

s/
Intermodulation can be generated in a system with nonlinearities. The@rmodulation betw]
h frequency component will form additional signals at frequ&ﬁbles that are not just at
hagnonic frequencies (integer multiples) of each frequency, but

0"at the sum and differe
uencies of the original frequencies and at multiples of thoseCsym and difference frequen

(centered around fundamental and harmonic frequenci@).

The

se unwanted signals shall not significantly af@gthe quality of the susceptibility test.
&

Thig can be seen in the graph in Figure H.@d mathematically represented as follows:
b\

l A\ 2 | = Second order IMD products
@ = Third order IMD product

oF
1

© ®

g T2t /i 3 2
® 264 2% 1(3) %
Rl | ] 2%t | Y2

Q
S

result of this intermodulation is the creation of unwa@sd signals in the form of sidebgnds

een

nce
Cies.

I p_
Frequency

IEC

Figure H.1 — Test frequencies f; and f, and intermodulation frequencies
of the second and third order

Vout =a1v1+a2vi2+a3v?+... (H.1)
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where a,, a,and a, are transfer functions for the first, second and third order harmonics,

with:

vy = COS (27fyt) + COS ( 27fot )

The higher order voltages are calculated using Formula (H.3) and Formula (H.4)-

and

H.3

1 1
V2 :§(1+cos(4nf1t))+(c032n(ﬁ — f2)t +cos2x( f; +f2)t)+§(1+cos(47rf2 )

V3 =(%+gj00327rf1t+[%+%]0032nf2t+%(00527r(2f1 - f5)1+c0s2r(2f; + f2)t)
+%(c0327z(2f2 - f1)t+cos2z(2f, +f1)f)+%0032”(3f1)t+%0032”(3f2)lvi3
3 3 3 3
= (Z + E] cos 2afit + [Z + Ej COS 27fot
+%(00827r(2f1 — fo)t+cos2m (2 +f2)t)

+%(cosZn(2f2 - f1)t+cos2x(2f3 +f1)t)+%00827t(3f1)t+%00327r(3f2)t

Power requiremefits

H.3)

H.4)

The|power required te~generate multiple signals can be defined in both peak and average tefms.

Puysave = Pss X N

Pyspk = Pgg X N?

H.5)

H.6)

Pysave  is the average power of multiple signals;

is the peak power of multiple signals;
is the average power of single signal;

is the number of signals.

In order to limit all distortion, the peak power can be used to calculate the number of signals
that can be generated by a given amplifier. However, since the individual signals differ in
frequency, their relative phase is always changing. The peak power level is only reached when
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all of the signals are in phase. This is a relatively short-lived occurrence and most of the time
the average power is a better estimate.

When the average power is used, and the peak power cannot be reached, distortion
(intermodulation) results. In general, this distortion can be minimized by using amplifiers only
within their linear operating limits.

The amplifier power required is determined by the level-setting and linearity requirements.

H.4_|:e‘\fe‘|"$ctt;||9 lcqu;l ements

Thel level-setting procedure of 6.4.2 allows the use of measurement equipment w@’is not
frequency selective and cannot parse out and measure multiple signals. Theref the level-
settjng procedures should be carried out using single frequencies. (19

In ofder to use multiple signals, a secondary level-setting procedure will r&ga to be performed
using frequency selective measurement equipment (signal analyzex,“spectrum analyfer,
network analyzer, receiver, etc.). This level-setting procedure wil the results of 6[4.2
(poyver required by frequency to ensure the test level with AM) to rmine how many sighals
can| be combined into a test set without saturating the amplifi&p and introducing too much
distprtion. The linearity check of 6.4.2 should be performed %M@“ present signals within a ftest
set,| simultaneously, with each new signal addition until tlz\e\ eck fails. This is the maximium
nunjber of signals that can be used together. o)

L

H.5 Linearity check and harmonics chec{Q the test generator

N

Thellinearity check procedure specified in 6.A®2s\gwall be used on each test set of signals ag an
aggregate. The signal generator drive Ieve.@ each of the individual signals in the test set ghall
be ihcreased simultaneously by 5,1 dB. With all test signals still present but increased, gach
indiyidual output signal shall be meaSL\Qed and checked to be increased by at least 3,1 dB|but
not more than 7,1 dB. 3

xO
The|l harmonics check proce@!@ specified in Annex J should be modified to includg all
nontfundamental frequenci \(harmonics, intermodulation products, spurious, etc). These
nontfundamental signals ean be measured in power to be delivered to the coupling devicg, or
volthge levels measuredswith a spectrum analyzer. All non-fundamental signals should bg at
leadt -6 dB compa the intended test signal.

prodpct conten ithin the amplifier’s or measurement equipment’s, or both, (directional coupler, signal or spedtrum

NOTE High-po @/’-pass filters can be used on each amplifier output to limit the harmonics and intermodulftion
analyzer) upg&:rating bandwidth.

H.6 \édT performance criteria with multiple signals

Testing with more than one signal during a dwell time exposes the EUT to more energy than
required by this document. This overexposure can cause an EUT to lose function or experience
a degradation of performance that will not be caused by testing by a single frequency.

Since the requirements of this document are for single frequency testing, retesting the product
using the individual frequencies of the set that caused the degradation is necessary. The results
of the individual frequencies test take precedence.
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Annex |
(informative)

Port-to-port injection

1.1 General

Experience shows that some specific EUTs-may can react in a more sensitive way to RF signals,
when injection is done on one port and another identical port is terminated. Product committees
mayf can decide to use the method described in Annex | instead of the procedure of the\main
parf of this document.

Annex | gives information on the testing of ports, of which there are several identical ones$ on
an EUT. Annex | introduces an injection method, where the RF signal is injected,en‘one of these
identical ports, and where the termination impedance is placed on another '0f these pgrts,
instead of on the port chosen in accordance with 7.5.

The| testing is performed in supplement to the test cases specified by.?2.5, in order to evalyate
the [immunity of the EUT to RF signals induced on one port and-flewing to another, identical
port.

Examples of identical ports can be, but are not limited to% local area network (Ethernet efc.),
Pt100 temperature inputs, analog inputs/outputs, digitalinputs/outputs, tachometer coupter
inpyts.

1.2 Test setup for injection on identicalports

1.2.1 Selection of ports

Injegtion is performed between two identical port types. The two ports chosen for testing|are
two|ports physically placed as close together as possible. Several groups of identical sets of
ports may be present on the EUT,“and in such case sets of each type of port are selected for
testjng.

NOTE A product committeeycan specify that testing is only required for specific cable or interface types, or| that
testing is required only for‘perts having cables exceeding a certain length. Annex | applies only to such ports| that
are ghosen for testing. The product committee is invited to consider also all modes of the multi-purpose 1/0 cargs.

1.2.2 Procedure for port-to-port injection

Ong port is chosen as the injection port. The other port is chosen as the termination port, where
the B0 Q-termination is connected on the CDN. See Figure |.1.

Ina :
used as decoupling devices, where the 50 Q termination is not connected, as specified in the
main body of this document.

If more types of ports are available on the test object, the testing is repeated on a set of these
remaining port types also.

If the testing on the identical ports cannot be performed using CDNs, the general rules provided
in Clause 7 are applied to the injection on the identical ports. Figure 20 provides guidance for
the selection of the injection method.

The testing on the ports and the treatment of the test results are performed just as described
in the main body of this document.
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Figure 1.1 — Example of setup, port-to-port injection
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Annex J
(informative)

Amplifier compression and non-linearity

J.1  Objective of limiting amplifier distortion

Amplifier non-linearity can contribute to the uncertainty of the disturbance signal applied to the
EUT. The goal is to keep amplifier non-linearity low enough so that it does not dominate the
uncertainty. Annex J is provided to assist test laboratories in understanding and limiting
ampglifier distortion.

J.2| Possible problems caused by harmonics and saturation

Opagrating an amplifier in saturation-may can result in the following scenarios:

a) [The harmonics-may can contribute significantly to the measured(values taken during Jtest
evel-ealibration setting as the power meter will measure the total power of both|the
undamental and its harmonics. For example, assume that thé-second and third harmohics
are 15 dB below the fundamental frequency at the EM clamp input terminal and all ofher
harmonics can be ignored. Further assume that the effective EM clamp factor is 5 dB Igwer
bt the frequency of the third harmonic than at the fundamental frequency. The voltage lgvel
bf the fundamental frequency will be only 10 dB larger-than the level of the third harmqgnic.
f a total amplitude of 10 V is measured, the fundamental frequency-may can only contriiute
D5 V. This-may can be acceptable error, when\it is smaller than the EM clamp i i

evel setting uncertainty. A frequency selectivé device such as a spectrum analyzer would
not have this measurement error.

b) Harmonics—may can cause an EUT failure where the EUT is robust at the intended
undamental frequency but not robust.iat the harmonic frequency. The false failure would be
recorded incorrectly and-may can-léad to an incorrect redesign.

c) Harmonics-may can also affect,the test result, even if they are very well suppressefl in
pecial situations. For example, if a 60 MHz receiver is tested, even very weak harmohics
bf a 20 MHz signal-may ean-overload the receiver input. A similar scenario-may can also
bceur if the signal generator output has non-harmonically related signals. Special low gass
br notch filters-could can be used to protect sensitive EUTs.

d) Paturation-may canbe present without measurable harmonics. This occurs if the ampljfier
has a low pass output filter which suppresses the harmonics and/or internal circuitry, or
both, and combining technology-may can work to suppress the harmonics at the band edges.
This situation-may can also lead to incorrect results.

1) If this-occurs during-calibratien level setting, wrong-calibration level setting data will be
derived as the assumption of linearity is used in the algorithm described in 6.4.2.

P During a test, this type of saturation will lead to an incorrect modulation index jand
harmonics of the modulation frequency (usually 1 kHz).

From the examples above, it is clear that a numerical limit for amplifier distortion cannot be
given specified, as the effect of distortion depends heavily on the type of EUT tested.

J.3 Limiting the harmonic content in the disturbance signal

The harmonic content of the disturbance signal can be limited with the use of an adjustable,
tracking or tunable low-pass filter at the output of the amplifier.

For all frequencies where harmonics are produced at the output of the amplifier, the harmonics
in the amplifier output signal should be 15 dB less than the fundamental. This is considered
adequate, with the exception of the scenario discussed in Clause J.2, item ¢).
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This would limit the disturbance voltage level error to—48 2 %. For example, a 10 V signal
measured broadband would be caused by 9,8 V from the fundamental and-4,5 1,8 V from the
harmonics. This may be a situation which is acceptable for-ealibration level setting uncertainty.

For amplifiers containing a fixed low-pass filter in their output, the upper fundamental frequency
concerned is about 1/3 of the maximum specified frequency of the amplifier.

For situations in which a low pass filter suppresses harmonics of a saturated amplifier, the 2 dB
compression point of the amplifier should not be exceeded under any conditions (for example
worst frequency, maximum disturbance voltage level with modulation). At the 2 dB compression
pOil t-the pca:\ alllp“tudc (;II vu:tayc) wotttdbereduced by 20-%—Thiswottdcausearedustion
of the 80 % amplitude modulation index down to 64 %, in other words, a 20 % reduction, pf a
voltage rectified within the EUT.

J.4| Effect of linearity characteristic on the immunity test

J.41 General

Issyes which affect the result of the immunity test are the linearity characteristic of the amplifier,
the harmonics and the saturation of the amplifier.

It i assumed in the CDN andfor clamp level-setting procédure described in 6.4.2 that|the
amplifier used shall generate a linear output in proportion to the input signal.

Amplifier linearity should be verified, thus-assuring €nsuring that the amplifier used generates
the |correct disturbance voltage level at the-calibration level setting voltage level or at Igwer
calqulated levels.

Amplifier linearity also has an effect on th€ amplitude modulation (AM) depth. Therefore,|the
AM [depth should also be verified.

J.4.2 Evaluation of the amplifier linearity characteristic
J.4pA1 Evaluation level.range

Thellinearity characteristic of the amplifier should be evaluated over the range of the ampljfier
that| is used for testing\\This shall include the minimum level, including the increase from
modulation, to the maximum level, including the increase from modulation.

Thel maximum-tevel is referred to as the maximum level of the CW signal to be measured
increased by-5,1 dB to allow for the contribution of modulation.

When calé¢ulating different test disturbance voltage levels, based on a single coupling deyice
levgl*adjustment process, the evaluation range of linearity shall be the minimum to maximum
amplifier output used for the test. For example, if a 1 V test is performed using the data obtained
from a 10 V level adjustment process, the evaluation range of linearity is defined as the power
amplifier outputs required to achieve a 1,8 V minimum to 18 V (e.m.f.).

Different coupling devices—may can require different amplifier output power to achieve the
required disturbance level and this shall also be considered. For example, a current probe-may
can require more power than a CDN to achieve a disturbance test level of 10 V.

NOTE The coupling devices-calibration level setting process described in 6.4.2 states that the test laboratory must
confirm 2 dB of tolerance when the maximum output power of the amplifier is increased by 5,1 dB. This process is
applicable only to confirm the amplifier saturation status, not to evaluate the linearity characteristic discussed in
Annex J.
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J.4.2.2 Evaluation process

It is important to use actual load and environmental conditions, such as the coupling device and
the test system used for the EUT test, for the evaluation of amplifier linearity. The test
arrangement is shown in Figure J.1.

Amplifier linearity shall be evaluated at least at the minimum, middle and maximum frequency
range available for the amplifier (linear frequency scale). For example, an amplifier with a
frequency range of 0,15 MHz to 80 MHz shall be evaluated at 0,15 MHz, 40 MHz and 80 MHz.

NOT, Evaluation of test data taken on the amplifipr canbhe used ta Jiuetif\/ the selection of different frnqupnm/ prints_
- Attenutator
Signal Power Directional Spectrum
generator amplifier coupler analyzer
|_| Coupling
device
Power 78 7
meter
Forward power

IEC
Figure J.1 — Amplifier linearity measurément setup

A linearity test shall be performed in accordance with the\following procedure for each frequgncy
as-defined specified above.

1) Petermine the signal generator setting necessary to generate both the minimum fand
maximum levels (see J.4.2.1) for the appropriate coupling device setup.

2) Pet the signal generator to the minimum-value determined in step 1), and record the oufput
bf the signal generator and the forward power of the amplifier.

3) |ncrease the setting of the signal’ generator by 1 dB and record the output of the signal
jenerator and the forward power of the amplifier.

4) Repeat steps 2) and 3) until the maximum set value of the signal generator determined in
step 1) is reached.

5) Repeat steps 1) to 4).for the remaining frequencies.
J.42.3 Linearity criteria

Forlthe results’obtained in J.4.2.2, the measured amplifier output shall increase by 1 dB (+1(dB)
for pach 1 dB“increase in the signal generator output (that is, the tolerance of the pgwer
amplifier_tinearity is £1 dB).

specmcatlon then the amplifier which the test laboratory uses satisfies the linearity criteria. If
the data exceeds this linearity specification, then J.4.2.4 and J.4.2.5 shall also apply.

Figure J.2 shows an example defining the tolerance of +1 dB, -1 dB based on the amplifier
output at a single frequency. The signal generator output in this example is varied between a
minimum level of —30 dBm and a maximum level of 0 dBm. In this example the amplifier exceeds
the tolerance.
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Amplffier output level (dBm)

-30 -25 -20 -15 -10 -5 0
Signal generator output level (dBm)

IEC
Figure J.2 — Linearity characteristic

J.4.2.4 Confirming AM modulation
When the evaluation result obtained according to J.4:2.3 exceeds the linearity criteria by +1|dB,

the fest laboratory needs to confirm AM modulation{according to the following procedure. [The
testlarrangement is shown in Figure J.3.

The|test frequency shall be any failing frequencies established in J.4.2.3.

Attenuator
Signal Power Directional
generator [ | amplifier( )] | coupler
|_J |_| Coupling
device
Spectrum 7
analyzer Forward power

IEC

Figure J.3 — Measurement setup for modulation depth

1) PBet thel signal generator output to the maximum value determined in J.4.2.1 at|the
appropriate frequency and enable the AM modulation.

2) PBét'the centre frequency of the spectrum analyzer shown in Figure J.3 to the signal ourput

(4 al 4 (I " 4.\
FICyYuclivy—ocrca SPTUITICTU TIT SlTPY 1),

3) Adjust the spectrum analyzer to show the carrier spectrum, the upper side band and lower
side band spectrum on the screen. For example, resolution bandwidth = 100 Hz, span =
10 kHz.

4) Record the amplitude difference (L.;) between the carrier level (L., ier) @nd the upper or

lower side band level (Lggepang)- (Refer to Figure J.4.) L.g = Legrrier — Lsideband.

When L is larger than 10 dB-{m—<64-%) or L is less than 6 dB, the results should be included
in the test report.
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Voltage

L

carrier
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N(.)
Lsideband 1 y

Frequency
IEC

Figure J.4 — Spectrum of AM modulated signal

J.4.5 Immunity test when the amplifier linearity characteristic exceeds the criteria

When the evaluation result of J.4.2.3 does not fulfil the criteria forlinearity by +1 dB, but fylfils
the |criteria of J.4.2.4, it is necessary to adjust the forward\power during actual EUT [test

aceprding-to-the folowing-methods by using a system with feédback, in which a power metgr is

usefl to monitor the output power from the test generator,
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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compr
Il national electrotechnical committees (IEC National Committees). The object of IEC is to promate“internat|
-operation on all questions concerning standardization in the electrical and electronic fields.)To this end
addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Rep
ublicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC ‘Publication(s)").
reparation is entrusted to technical committees; any IEC National Committee interested«in the subject dealt
ay participate in this preparatory work. International, governmental and non-governmeéntal organizations lia
ith the IEC also participate in this preparation. IEC collaborates closely with thé International Organizatio
tandardization (ISO) in accordance with conditions determined by agreement, between the two organizatio

he formal decisions or agreements of IEC on technical matters express, as\nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technical ¢ommittee has representation froj
terested IEC National Committees.

EC Publications have the form of recommendations for internatiohal use and are accepted by IEC Nat
ommittees in that sense. While all reasonable efforts are made-to ensure that the technical content of]
ublications is accurate, IEC cannot be held responsible for, the way in which they are used or for
isinterpretation by any end user.

h order to promote international uniformity, IEC National' Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in their national and regional publications. Any divergence bet
ny IEC Publication and the corresponding national or regional publication shall be clearly indicated in the I3

FC itself does not provide any attestation of eonformity. Independent certification bodies provide confo

Isessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for

rvices carried out by independent certification bodies.

Il users should ensure that they have thellatest edition of this publication.

sing
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hs.
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onal
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any
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veen
tter.

mity
any

o liability shall attach to IEC or its directors, employees, servants or agents including individual experts| and

embers of its technical committees~and IEC National Committees for any personal injury, property dama
ther damage of any nature _whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of the| publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to the-Normative references cited in this publication. Use of the referenced publicatio
dispensable for the ‘correct application of this publication.

ttention is drawn, to"the possibility that some of the elements of this IEC Publication may be the subject of p
ghts. IEC shalknot be held responsible for identifying any or all such patent rights.

61000-4-6 has been prepared by subcommittee 77B: High frequency phenomena, of
nical committee 77: Electromagnetic compatibility. It is an International Standard.

It fo
IEC

e or
and
IEC

hs is

htent

IEC

ms Part4-6 of tEC 61000 ttTas the status of a basic EMC pubtication maccordance
Guide 107.

with

This fifth edition cancels and replaces the fourth edition published in 2013. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) selection of injection devices revised;

b) need of AE impedance check for clamp injection removed and Annex H deleted;

c) saturation check revised;

d) new Annex H on testing with multiple signals;
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e) level-setting only with feedback loop.

The

text of this International Standard is based on the following documents:

Draft Report on voting

77B/863/FDIS 77B/865/RVD

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

The

Thig
acc

language used for the development of this International Standard is English.

document was drafted in accordance with ISO/IEC Directives, Part 2, and develope

d in

prdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Suppletent, available

at www.iec.ch/members_experts/refdocs. The main document types developed by IEC |are
destribed in greater detail at www.iec.ch/publications.
A ligt of all parts in the IEC 61000 series, published under the geperal title Electromagrietic
compatibility (EMC), can be found on the IEC website.
Thel committee has decided that the contents of this document'will remain unchanged untilfthe
stahility date indicated on the IEC website under webstaresiec.ch in the data related to|the
spetific document. At this date, the document will be
e feconfirmed,
e Wwithdrawn,
e feplaced by a revised edition, or
e BAmended.
IMPORTANT - The "colour inside" logo on the cover page of this document indicales
that it contains colours which are considered to be useful for the correct understanding
of|its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

61000 is published in separate parts according to the following structure:

Part 1: General

General considerations (introduction, fundamental principles)

Definitions, terminology

Part 2: Environment

023

Par

Par

Par

Par

Par

Eac

or as technical specifieations or technical reports, some of which have already been publis

as 9
nuni

Thig

Description of the environment
Classification of the environment

Compatibility levels
3: Limits
Emission limits

mmunity limits (in so far as they do not fall under the responsibility of the pro
committees)

4: Testing and measurement techniques

Measurement techniques

lesting techniques
5: Installation and mitigation guidelines

nstallation guidelines

Mitigation methods and devices

6: Generic standards
9: Miscellaneous

h part is further subdivided into several parts, published either as international stand

ections. Others will be published with the part number followed by a dash and a sec
ber identifying\the subdivision (example: IEC 61000-6-1).

Huct

rds
hed
ond

part iscafvinternational standard which gives immunity requirements and test procedures
relafed 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

Thig
eled
(RF

NOT
to 23
rang

part of IEC 61000 relates to the conducted immunity requirements of electrical

and

tronic equipment to electromagnetic disturbances coming from intended radio<frequgncy

transmitters in the frequency range 150 kHz up to 80 MHz.

F 1 Product committees might decide to use the methods described in this document also/for frequencigs up

0 MHz (see Annex B) although the methods and test instrumentation are intended to be(used in the frequ
e up to 80 MHz.

Equipment not having at least one conducting wire or cable (such as!mains supply, signal

or ¢g

arth connection) which can couple the equipment to the disturbing RF fields is exclu

fronp the scope of this document.

NOT]
indu
cond
spec
for q

The
immj
indu
the

NOT]
of th
imm
test

2

The
con
For
amg

CIS

F 2 Test methods are specified in this part of IEC 61000 to assess the‘effect that conducted disturbing sig
ed by electromagnetic radiation, have on the equipment concerned:»The simulation and measurement of t
ucted disturbances are not adequately exact for the quantitative“determination of effects. The test met
fied are structured for the primary objective of establishing adequate repeatability of results at various faci
Lantitative analysis of effects.

object of this document is to establish a common reference for evaluating the functi

ency

line
ded

hals,
hese
hods

ities

bnal

unity of electrical and electronic equipment when subjected to conducted disturbarfces
ced by RF fields. The test method in this\document describes a consistent method to asgess

mmunity of an equipment or systemsagainst a specified phenomenon.

FE 3 As described in IEC Guide 107, this document is a basic EMC publication for use by product commi
e IEC. As also stated in Guide 107,%the IEC product committees are responsible for determining whethe

tees
this

nity test standard should be applied. or not, and if applied, they are responsible for determining the appropriate

evels and performance criteria,

Normative references

following documents are referred to in the text in such a way that some or all of their content

stitutes requirements of this document. For dated references, only the edition cited app
undated.\qeferences, the latest edition of the referenced document (including
ndments) applies.

PR(A6-1-2, Specification for radio disturbance and immunity measuring apparatus

ies.
any

and

me

0ds — Fart T-Z: Kadlo disturbance and immunity measuring apparatus — Coupling dev

for conducted disturbance measurements

3

For

Terms and definitions

the purposes of this document, the following terms and definitions apply.

ces

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

IEC Electropedia: available at https://www.electropedia.org/

ISO Online browsing platform: available at https://www.iso.org/obp
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artificial hand

AH

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

Note

[SO

3.2

1 to entry: The construction should be in accordance with CISPR 16-1-2.

URCE: IEC 60050-161:1990, 161-04-27, modified — the note has been added.]

au
AE

liary equipment

equjpment necessary to provide the equipment under test (EUT) with the signals required

nor

Note]

3.3

al operation

1 to entry: Auxiliary equipment can be useful for monitoring the EUT.

clamp injection

met

3.4

hod of injecting signals onto cables using a clamp injection device

clamp injection device

clan

3.4.
cur
tran|
mag

3.4,
elec
EM

inje

3.5
co
rati

Note
betw
then
and

3.6

hp-on signal injecting device that is either a current clamp or an electromagnetic clamp
1

‘ent clamp

sformer, the secondary winding of which ¢onsists of the cable into which the injectig

e

2
ttromagnetic clamp

clamp

Ction device with combined- gapacitive and inductive coupling

mon-mode impedance
of the common+{mode voltage and the common-mode current at a certain port

1 to entry: This common-mode impedance can be determined by applying a unity common-mode vo
een the terminal(s) or screen of that port and a reference plane (point). The resulting common-mode currg
measured as‘the vectoral sum of all currents flowing through these terminal(s) or screen (see also Figure
Figure 4.5h)).

cou

2 4
©iIVIT

for

n is

tage
nt is
15a)

ratio determined by the open-circuit voltage (e.m.f.) obtained at the EUT port of the coupling
(and decoupling) device divided by the open-circuit voltage obtained at the output of the test

generator

3.7

coupling network

coupling device

electrical circuit or device for transferring energy from one circuit to another with a specified
impedance

Note 1 to entry: Coupling and decoupling devices can be integrated into one box (coupling and decoupling network

(CDN)) or they can be in separate networks.
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3.8

coupling/decoupling network

CDN

electrical circuit incorporating the functions of both the coupling and decoupling networks

3.9
decoupling network
decoupling device

electrical circuit or device for preventing test signals applied to the EUT from affecting other

devices, equipment or systems that are not under test

3.1

tes{ generator

gengrator (RF generator, modulation source, attenuators, broadband power amplifier
filtes) capable of generating the required test signal

SEE| Figure 4.

3.1

ele¢tromotive force

e.m\f.

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

3.1

measurement result

Um

voltage reading of the measurement equipment

3.1
volfage standing wave ratio
VSWR

rati¢ of a maximum to an adjacent minimum voltage magnitude along the line

4 |General

The| source of disturbance~Covered by this document is basically an electromagnetic fi
conling from intended RF transmitters, that can act on the whole length of cables connecte]
insthlled equipment.(The dimensions of the disturbed equipment, mostly a sub-part of a la
sys{em, are assumed to be small compared with the wavelengths of the interfering signals.
leads entering and-exiting the EUT (e.g. mains, communication lines, interface cables) beh
as passive receiving antenna networks and signal conduction paths for both intentional
unintentional_signals.

Betyvéen those cable networks, the susceptible equipment is exposed to currents floy

and

nt

eld,
d to
rger
The
ave
and

ying

llth il H e olal 4 bool & 4 ol it o
rduyll UTe TUUTYTTITTIL. UdUTT SYOoSITTITS LCUTHITUITU TU alT TUYUTUTTITTTU dait dooSUullicUu 1u U

resonant mode (M4, A/2 open or folded dipoles) and as such are represented by coupling

e in
and

decoupling devices having a common-mode impedance of 150 Q with respect to a reference
ground plane. For the method described herein, the EUT is connected between two 150 Q
common-mode impedance connections: one providing an RF source and the other providing a

return path for the current.

This test method subjects the EUT to a source of disturbance comprising electric and magn
fields, simulating those coming from intentional RF transmitters. These disturbing fields (E
H) are approximated by the electric and magnetic near-fields resulting from the voltages
currents caused by the test setup as shown in Figure 1.

etic
and
and
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The use of coupling and decoupling devices to apply the disturbing signal to one cable at a time,
while keeping all other cables nonexcited (see Figure 2), 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 specified in 6.2. Any coupling and decoupling device
fulfilling these characteristics can be used. The CDNs in Annex C are only examples of

commercially available networks.

EUT
/ H Joom
\ Toom
e ———————
f—k ﬁ
N a
100] Q2 100 &
YT T
> Zce /{ V Zce< g i i
50{0 2| is00 i
E I I
: : Test
I | generafor
I I
_/ \_ | Uo I
Y :
I I
Z Z 4
IEC
Z o Common-mode impedance of the CDNy'Z__ = 150 Q
U, Test generator source voltage (éum.f.)
Uom Common-mode voltage between EUT and reference plane
Iom Common-mode current through the EUT
Jeom Current density pn eonducting surface or current on other conductors of the EUT
E, H Electric and magnetic fields
NOTE The 100 Q. resistors are included in the CDNs. The left input is loaded by a (passive) 50 Q load and the|right
inpu{ is loaded"by‘the source impedance of the test generator.
Figure 1 — Diagram showing EM fields near the EUT due
to common-mode currents on its cables
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0,ims<D=<03m

D D

RF generator
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<>
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f
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EUT

AE 1

L

L Gk

CDN 1

CDN 2

AT AT

Test generator

AE 2

E

A

AT AT

Reference ground plane

AT

<

: RF generator :
0,ims<D=<03m ! !
D D Test generator !
<> <> L |
1 I
[12];
1 |
E [
N niEdy
AE 1 = L
L CDN 1 : Injection CDN 1
Gttt Slddddd N = CIamp -
e e e e i S e iy A A o E A E A AT AT
A\ Reference ground pl
Insulating sheet or support 0,1 m.*0,05 m insulating support
b) Schematic setup for immunity'test used for injection clamp
T: Termination 50 Q
T2: Attenuator (6 dB)
CDN Coupling and detoupling network
Injegtion clamp: Current clamp or EM clamp
Insulating sheet or support: A non-eonductive coating, foot, roller and/or caster may be used as an altern

5

Acc
eleg
to 8

///////////////K/////

Insulating sheet or support

pport

a) Schematic setup for immunity test used for CDN

Test levels

prding \to’ this document,

0 MH?Z.

tests are required for

toaninsulating support. The height shall be as specified. The height of the insul
sheet or support under a decoupled AE need not be specified

Figure 2 — Schematic setup for immunity test to RF conducted disturbances

induced disturbances caused
tromagnetic fields coming from intentional RF transmitters in the frequency range 150

IEC

ne

IEC

htive
hting

by
kHz

The open circuit test levels (e.m.f.) of the unmodulated disturbing signal, expressed in RMS
(root mean square), are specified in Table 1.
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Table 1 — Test levels

Frequency range 150 kHz to 80 MHz

Voltage level (e.m.f.)
Level U, U,
Vv dB(pV)
1 1 120
2 3 129,5
3 10 140
xa Special

a8 "X" can be any level, above, below or between the others. The level has to be
specified in the dedicated equipment specification.

Thel test levels are set at the EUT port of the coupling devices (see 6.4).(For testing of|the
equjpment, this signal is 80 % amplitude modulated with a 1 kHz sine wave to simulate agtual
threats. The effective amplitude modulation is shown in Figure 3. Annex C provides guidgnce
for $electing test levels.

NOTE 1 IEC 61000-4-3 also specifies test methods for establishing the(immunity of electrical and electfonic
equipment against radiated electromagnetic energy. It covers frequencieS.@bove 80 MHz. Product committeeq can
decidle to choose a lower or higher transition frequency than 80 MHz (sée Annex B).

NOTE 2 Product committees can select alternative modulation schemes.

3 3
,Umaximum ms
A l
2 2 Y 4 1 5 A ——
Urms
i }
1 Unms 1 REELL SRRk & R 7
o
|

“p-p
o

U
o

a) Unmodulated RF signal b) Modulated RF signal 80 % AM
Upp=282V Up—p =509V
Ifr —1’nn\/ LL —1’1:\1

Umaximum rms = Uunmodulated rms * (100 +m)/100=1,8 V
IEC

Figure 3 — Example of unmodulated and modulated RF signal
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Test equipment and level adjustment procedure

Test generator

The test generator includes all equipment and components for supplying the input port of each
coupling device with the disturbing signal at the required signal level at the appropriate injection
point. A typical arrangement comprises the following items which can be separate or integrated

into

The

one or more test instruments (see 3.10, Figure 4, and Figure 5):

RF generator(s), G1, capable of covering the frequency band of interest and of being

amplitude modulated by a 1 kHz sine wave with a modulation depth of 80 %. They shall

synthesizers, they shall be programmable with frequency-dependent step sizes and,d
imes;

bttenuator T1, (typically O dB to 40 dB) of adequate frequency rating to control‘the distur
est source output level. T1 can 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 measu
he immunity of the EUT. S1 can be included in the RF generator and,is optional;

broadband power amplifier(s), PA, might be necessary to amplify_the signal if the ou
bower of the RF generator is insufficient;

caused by (higher order or sub-) harmonics with somé/types of EUT, for example

and the attenuator T2;

ised.

characteristics of the test generator are~specified in Table 2.

Table 2 — Characteristics of the test generator

nave manual control (e.g. frequency, amplitude, modulation index) or in the case of| RF

well
bing
ring

tput

ow-pass filters (LPFs) or high-pass filters (HPFs), or both, ¢can be used to avoid interfergnce

RF

receivers. When required, they shall be inserted betweén the broadband power amplifief PA

httenuator T2, fixed attenuation (6 dB + 0,5 dB), with sufficient power ratings. T2 is provided
o reduce the VSWR at the output of the power amplifier. Larger attenuation values may be

Nominal output 50 Q
imppdance
Harmonics and Within (150. kHz and 80 MHz, any spurious signal shall be at least 15 dB below the
distprtion carrier level, measured directly at the output of the test generator.
Amplitude modulation Ifiternal or external,
m :[80 5 J %’
-20
with
m=100x Upp,max ’Upp,min
Upp,max +Upp,min
1 kHz + 0 1 kHz sine wave
Output level Sufficiently high to cover test level
(see also Annex E).

NOTE The harmonics and distortion are measured in continuous wave (CW) at 1,8 times the test level without
modulation.
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G1 T S1 PA LPF/HPF T2
(optional)

RF generator

|| || | | Broadband power | | e
80 % AM {/.— amplifier g

G1
PA
LP

RF generator T1 Variable attenuator

Broadband power amplifier T2 Attenuator (see 6.1)
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Figure 4 — Test generator setup

Coupling and decoupling devices
1 General

pling and decoupling devices shall be used for appropriate coupling of the disturbing si
r the entire frequency range, with a defined common-mode impedance at the EUT por
various cables connected to the EUT and for preventing applied test signals from affec
r devices, equipment and systems that are not under test,

coupling and decoupling devices can be combined. inté one box (e.g. CDN) or can cor
everal parts (e.g. current clamp and decoupling ctamp).

preferred coupling and decoupling devices, are‘the CDNs, for reasons of test reproducih

ynal
) to
ting

sist

ility

protection of the AE. The main coupling_and decoupling device parameter, the common

e impedance seen at the EUT port, is_spécified in Table 3. If CDNs are not applicable
mple the attenuation of the CDN adversely affects the intentional operation of the EUT
available on the market, other injection methods can be used. Rules for selecting
Fopriate injection method are specified in 7.4. Other injection methods, due to their elect

properties, are unlikely to meet the_parameters of Table 3.

Table.3— Main parameter of the combination
of'the coupling and decoupling device

Frequency band

Parameter 0,15 MHz to 24 MHz 24 MHz to 80 MHz
1Z] 150 Q+20Q 1502%) Q

Neither the argument of Z__ nor the decoupling factor between the EUT port and the
AE port are specified separately. These factors are embodied in the requirement that

for
, or
the
ical

the tolerance of |Z__| shall be met with the AE port open or short-circuited to the

NOT

reference ground plane

E Details regarding clamps are specified in Annex A.
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50 Q coaxial line

Power, signal or ground cable

50 Q coaxial load

ol
g

[a]

(ALY
AN A

EUT CDN AE
IN

01ms=Dy=<03m
D, = 0,3 m where possible

150 Q to 50 Q adapter; a box with 100 Q
series resistor between IN and OUT port

50 Q signal source

50 Q2 measuring equipment, e.g{voltmeter

10 dB, 50 Q attendator

Coupling/decoupling network (CDN) with EUT,

IN ahd AE ports

Attenuator (see 6.1)

Figure 5 — Principle of coupling and decoupling —
Symbols used for the indicated setup principles

IEC

< 2| D1 >
£ 50 Q
= —
- EA S EUT “ |_'_|
Al
=~ |  |—_—_
Decoupling device ? y i CDN [—>
e, / B SRty £ St //////r".r.’.r.’.r.’. ..r.’.r.’.r.’..////////// PR RS
Reference ground plane
0,1 m £0,05 m support 0,1 m £0,05 m support
(12 MO T HA
e My |
0
IEC

Figure 6 — Principle of coupling and decoupling —
Principle of direct injection to screened cables
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Figure 7 — Principle of coupling and decoupling —
Principle of coupling to unscreened cables according to the CDN method

Low-frequency High-frequency
inductor inductor
Va A EUT
AE ’ >
) 4
<
Cdec
/
IEC
Example: Typically.C,,. = 47 nF (only on unscreened cables), L4150 khz) 2 280 pH

Low frequency inductor: 17 turns on a ferrite toroid material: NiZn, pyp = 1 200

High frequency inductor: 2 to 4 ferrite toroids (forming a tube), material: NiZn, ug = 700

Figure 8 — Principle of coupling and decoupling — Principle of decoupling

6.2.2 Coupling/decoupling networks (CDNs)
6.2.2.1 General

These networks comprise the coupling and decoupling circuits in one box. Typical concepts of
the CDNs are shown in Figure 7 and Figure 8. Table 4 summarizes the usage of the different
types of CDNs as specified in Annex D. The CDNs selected shall not unduly affect the functional
signals. Constraints on such effects may be specified in the product standards.

Guidance is given in 6.2.2.2 to 6.2.2.5 for the selection of CDNs. CDNs shall be selected to
match the number of wires in the EUT port to be tested, for example for a port with three data
lines a CDN-AF3 shall be used.
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NOTE Attention is drawn to potential non-linear behaviour of CDNs containing non-linear devices (e.g. clipping
devices).
Table 4 — Usage of CDNs
Line type Examples CDN type
Power supply (AC and DC) AC mains, CDN-Mx
and DC in industrial installations, (see Figure D.2)
earth connection earth connection
Screened cables Coaxial cables, CDN-Sx
cables used for LAN and USB (see Figure D.1)
conpes tions
cables for audio systems
Unscreened balanced lines ISDN lines, CDN-Tx
telephone lines (see Figure D.4, Figure D.5,
Figure D.7 andrAnnex H)
Unscreened unbalanced lines Any line not belonging to other CDN-AFx‘or-€DN-Mx
groups (see Figure B.3.and Figure D.§)
6.2.2.2 CDNs for power supply lines

CDINs are recommended for all power supply connections. However, for high-power (cur
> 16 A) or complex supply systems (multi-phase or various’,parallel supply voltages), o

inje

The
CDA\

NOT

by tHle EUT, especially when using CDN-M1. Thisican be avoided if the magnetizing effect of the forward currg
candelled by that due to the return current.

WA

currents can occur and safety-connections from the CDN to the reference ground plane
mardatory (in some cases;these connections might be provided by the construction of
CDN).

6.2.

For

CDIN-T2, CDN¢T4 or CDN-T8 shall be used as a CDN. Figure D.4, Figure D.5 and Figure

sho

Ction methods may be selected.

disturbing signal shall be coupled to the supply-lines, using type CDN-M1 (single w

F  The performance of the CDN can be degraded by saturation of the magnetic material due to current d

RNING — The capacitors used. within the CDNs bridge live parts. As a result, high leak

2.3 CDNs for unscreened balanced lines
coupling and\decoupling disturbing signals to an unscreened cable with balanced line
v these '\possibilities:

CDN=T2 for a cable with one symmetrical pair (two wires);

rent
ther

re),

N-M2 (two wires) or CDN-M3 (three wires), or €quivalent networks (see Annex D). Similar
networks can be specified for a three-phase mains system. The coupling circuit is showh i
Figyre 7.

n in

rawn
nt is

age
are
the

o?
No

EDN=-T4foracabtewithtwosymmetricat pairs{fourwires);
CDN-T8 for a cable with four symmetrical pairs (eight wires).

The number of symmetrical pairs is determined by the cable connected to the port.

Other CDN-Tx networks may be used if they are suitable for the intended frequency range and
satisfy the requirements of 6.2.1. 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, the clamp injection

nee

ds to be applied to multi-pair balanced cables if suitable CDNs are not available.
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6.2.2.4 CDNs for unscreened unbalanced lines

For coupling and decoupling disturbing signals to an unscreened cable with unbalanced lines,
an AFx or Mx CDN shall be used. Figure D.3 is an example for a two-wire CDN (AF2) and
Figure D.6 for an eight-wire CDN (AF8).

If no CDN for the unscreened unbalanced line is applicable, follow the decision chart in
Figure 20.

6.2.2.5 CDNs for screened cables

For|coupling and decoupling disturbing signals to a screened cable, an Sx-type CDN shali be
usefl. Figure D.1 is the example for a coaxial cable (S1).

To e able to treat a cable as a screened cable using CDNs for coupling of the disturbing signal,
the |screen shall be connected to appropriate ground (e.g. metallic housing,-large ground
structure on a printed circuit board) at both ends of the cable. If this condition is not met,|the
cable shall be treated as an unscreened cable.

6.2.3 Clamp injection devices
6.2.3.1 General

With clamp injection devices, the coupling and decoupling functions are separated. Coupling is
proYyided by the clamp-on device, while the common:mode impedance and the decoupling
fungtions are established at the AE. As such, the~AE becomes part of the coupling fand
decpupling devices. With clamp injection devices, the AE is subject to the same injected curfent
as the EUT and therefore needs to be immune toithe test level used.

NOTE The EM clamp provides some decoupling above’ 10 MHz (see Annex A).

Instfuctions for proper application are specified in 7.6.

6.2.3.2 Current clamp

Thig device establishes an inddctive coupling to the cable connected to the EUT.

The| current clamp shall _not induce significant attenuation. The increase of the transmission
losq of the test jig when inserting the current clamp shall not exceed 1,6 dB. A circuit of|the
tranismission loss yetification setup is shown in Figure 10.

NOTE 1 The vefification of such performance can be done in two steps. During the first step, the current clamp is
omit{ed, and the'voltage is recorded. During the second step, the current clamp is inserted and terminated at its [nput
port py a 50.Q. load, and the voltage is measured. The difference between these two measurements is comparg¢d to
the 1,6 dB requirement above.

NOTE 2.¥ For example, with a 5:1 turns ratio, the transformed common-mode series impedance can be neglgcted
with respect to the 150 Q established by the AE. In this case, the test generator's output impedance (50 Q) is
transformed into 2 Q. Other turns ratios can be used.

The signal level applied to the current injection clamp is set prior to the test. The test
level-setting procedure is specified in 6.4.2 and Figure 10.

NOTE 3 The cable is generally positioned through the centre of the clamp to minimize capacitive coupling.
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Test generator

Current injection clamp

50 Q
Measuring 50 Q

device Termination

|—_| 100 Q 100 r_l /

= — -

| Lol o | |

- U L

Voo | | ]

1

IEC

Figure 9 — Example of circuit for level-setting séetup in a 150 Q test jig

50 Q Termination =

Current injection clamp

Measuring |

device . Test generator
i []1009 | 100 Q /

P Leed© o] |
| 50,0 | |SOQ

v 4= | L L ]

Figure 10 —Example of circuit for evaluating the transmission loss
of the current clamp level-setting

6.2.3.3 EM clamp

The EM clamp establishes both capacitive and inductive coupling to the cable connected to the
EUT. The construction and performance of the EM clamp are described in Clause A.2 and
Clause A.3.
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6.2.4 Direct injection devices

Direct injection is only applicable to screened or coaxial cables. When using direct injection,
the disturbing signal is injected onto the screen via a 100 Q resistor (even if the screen is
ungrounded or grounded at one end only). Between the AE and the injection point, a decoupling
clamp as specified in Clause A.3 shall be inserted as close as possible to the injection point
(see Figure 6). A ground connection shall be made from the screen of the direct injection
device’s input port to the reference ground plane.

If the screen is intended to be grounded at the AE side, a connection from the screen of the
cable under test to the reference ground plane (RGP) should be made at the AE side of the
decpupling element to improve decoupling and reproducibility unless this connection_would
sigrificantly deviate from practical application (e.g. remote sensor with screened cable).

—

When making direct connection to foil screens, ensure a good contact for reliable test results.

6.2.6 Decoupling networks

Normally, the decoupling network comprises several inductors to create a'high impedance g¢ver
the [frequency range. This is determined by the ferrite material usedyyand an inductance qgf at
leagt 280 pH is required at 150 kHz. The reactance shall remain-high, = 260 Q up to 24 MHz
and| = 150 Q above 24 MHz. The inductance can be achievegd- either by having a number of
winglings on ferrite toroids (see Figure 8) or by using a numbér-of ferrite toroids over the cable
(usyally as a clamp-on tube).

NOTE Decoupling clamps are specified in Clause A.3.

The| CDNs as specified in Annex D can be used as decoupling networks with the RF input port
left unloaded, unless stated otherwise elsewhete.in this document. When CDNs are used infthis
way|, they shall meet the requirements of 6.22, The use of CDNs as decoupling devices is|the
preferred choice. If CDNs are not applicable;.decoupling clamps as specified in Clause A.3 ghall
be ysed.

The|decoupling networks shall be used on all cables not selected for the test, but connected to
the EUT or AEs, or both. For exceptions, see 7.3. Although the preferred choice is to decoliple
each cable individually, more(_cables may be routed in the same decoupling clamp, if|the
dimgnsion of the clamp allgws that.

6.3| Verification of\the common-mode impedance at the EUT port of coupling and
decoupling(devices

6.3.11 General

Coypling @and”decoupling devices are characterized by the common-mode impedance seep at
the EUT port, |Z|. Its correct value ensures the reproducibility of the test results.

NOTE The common-mode impedance of coupling and decoupling devices is calibrated using the setup shown in
Figure 11 to Figure 14.

The coupling and decoupling devices and the impedance reference plane (Figure 11) shall be
placed on a reference ground plane. The size of the reference ground plane shall exceed the
projected geometry of the setup on all sides by at least 0,2 m.

The impedance reference point shall be connected to the EUT port of the CDN as shown in
Figure 11. The magnitude of the common-mode impedance seen at the connector on the
impedance reference plane shall be measured.
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The CDNSs shall meet the impedance requirements of Table 3 while the input port is terminated
with a 50 Q load and the AE port is sequentially loaded in common mode with a short-circuit
and an open circuit condition as shown in Figure 12. This requirement ensures sufficient
attenuation and makes the setup of the AE, for example open or short-circuited inputs,
insignificant.

If clamp injection or direct injection is used, it is unrealistic to verify the common-mode
impedance for each AE setup connected to the EUT. For clamp injection it is generally sufficient
to follow the procedure specified in 7.6. For direct injection it is generally sufficient to follow the
procedure specified in 7.7.

6.3.

When the test generator is set up prior to testing, the test level shall be verifiedyinva 15
mon-mode impedance environment. This is achieved by connecting thé) appropfiate
mon-mode point to a 50 Q measurement device via a 150 Q to 50 Q adapter as showpn in

conm
conm
Figu

The

projected geometry of this setup on all sides by at least 0,2 m. The (nhsertion loss is measu

acc
(the
50
rece

2 Insertion loss of the 150 Q to 50 Q adapters

re 14a). The construction of the adapter is shown in Figure 14b).

brding to the principle of Figure 13. Its value shall be insthe range of (9,5+0,5

D system). Attenuators with suitable VSWR (suggestedy VSWR < 1,2) at the inputs
ivers and outputs of generators are recommended.

\ <0,03 .
| |
Impedance ! ! Input port

plane Reference ’

point for 4 L7777 " Metallic [

7z \\ ’

Zee , . ’

// \ /

, \ 4

1 ‘\ 5

- I i 5

_ | Coupllngand ! /

Coaxial B ! decoupling network 4 AE port
connector \ RNE/ por

L \ 4 r

AN /// 5
>0,2 - < hNR e ] < >0,2 |
- - ’ |
! . A 1
Insulating material 4 |
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il AN T EEEEEEEEEEEEEEEEEEEEEEEEryr, IIIIIIIIIIIIII‘d

IEC

0Q

adapters shall be placed on a reference ground plane, the size. of which exceeds|the
red

dB

oretical value of 9,5 dB caused by the additional series impedance when measured |n a

of

Dimensions in méters

he reference ground plane shall exceed the projection of the coupling and decoupling devices and ¢ther

mponents by at least 0,2 m.

hg\coaxial connector shall be connected horizontally to the EUT port.

— The height 7 of the EUT port depends on the individual CDN, which can vary from 0,03 m to 0,70 m; particular
large current CDNs have an EUT port located higher above the reference ground plane.

— The impedance reference plane (with the coaxial connector): 0,1 m x 0,1 m for # = 0,03 m and 0,15 m x 0,15 m
for other values of 7.

— The impedance reference plane and CDN shall have a good RF contact to the reference ground plane.

Figure 11 — Example of the setup geometry to verify the impedance
characteristics of the coupling and decoupling devices
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Reference
point for
Zce
Impedance CDN
network analyzer N EUT AE—O0 s
or similar AN IN i
Impedance
reference plane
50 Q
= IEC

The [mpedance requirement shall be met with the open and closed switch S (see 6.3).

Figure 12 — Setup principle to verify Z_, of the coupling and decoupling|device

2 2
N\ AL (O Joe e~ AN L
R 5 NS A e B e S A A &l I NG 5,

> Unr

|

EC

Insertion loss = U, (switches position 2) — U (switches position 1)
dB dB(pV) dB(pV)

Figure 13 — Setup principle for measuring the insertion loss
of two 150 Q to 50 Q adapters

Dimensions in millimetres

o
w
..... 100 ©Q
N or BNC
type connectorG _____ ( ) D_A_
100 ©Q
o —1 o I |
. A Z
No> -
150 Q port 50 Q port /
Metallic
150
(o, O IeC - > IEC
NOTE Low inductance resistor: NOTE Identical to Figure 11 (connector plate),
Power rating =2 2,5 W. but with 100 Q low inductance resistor added.
a) Circuit of the 150 Q to 50 Q adapter b) Example of construction diagram of the 150 Q to

50 Q adapter (150 mm x 150 mm example)

Figure 14 — Circuit and construction of the 150 Q to 50 Q adapter
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Setting of the test generator

1 General

For the correct setting of the unmodulated test level the procedure in 6.4.2 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, 6.2.1 and 6.3.1. The output power of the test
generator can be determined by measurement of the amplifier output power (forward power, as
measured using a directional coupler).

6.4.

2 Setting of the output level at the EUT port of the coupling device

The|test generator shall be connected to the RF input port of the coupling device. The EUT
of the coupling device shall be connected in common mode (see Figure 15) through4he”15
to 50 Q adapter to a measuring equipment having a 50 Q input impedance. The AE-port of
coupling device shall be loaded in common mode with a 150 Q to 50 Q adapter, terminated

50

NOT]

. The setup is shown in Figure 16 for all coupling and decoupling devices.

1 With clamp injection, current clamps are generally bi-directional and hence do pot have an EUT por

AE port. These devices are calibrated by using a test jig as shown in Figure 9.

Usi
sha

Pro

a)

b)

The
app

1)

2)

g the above-mentioned setup and the following measurementprocedure, the test gener
| be adjusted to yield the following reading on the measuring equipment.

cedure to be followed for each coupling device starting=at'the lowest frequency:

bbtained equals U,,, at the output port of the 150 & to 50 Q adapter.

Record the level of the forward power athe output of the power amplifier P, and
voltage U, at the output port of the 150 Q;to 50 Q adapter.
ncrease the frequency by a maximum,of 1 % of the present frequency.

Repeat steps a) and b) until thexnext frequency in the sequence exceeds the hig
requency (for example 80 MHz) in the range of the test. The stop frequency shal
ncluded.

laboratory shall ensurethat the amplifier is not saturated. This should be demonstrate
ying the following procedure:

Determine, across)all used coupling devices, the highest forward power Piynax €qu
Huring the level-setting process at each frequency step.

-or each frequency, repeat the following steps:

) setthe output level of the power amplifier to Py pax;

i)~ihcrease the control level of the RF signal generator by 5,1 dB;

port
0Q
the
With

and

ator

Apply a forward power (without modulation) to,the coupling device so that the voltage

the

nest
be

i by

ired

nov formaard AALOE.
T

rew-forware-powerPrmaxne

if the difference Piormax inc — Prormax iS between 3,1 dB and 7,1 dB for all frequency steps,
then the amplifier is in tolerance and the test system is sufficient for testing at the
selected test level. If the difference is less than 3,1 dB or more than 7,1 dB then the
amplifier is non-linear and is not suitable for testing.

Alternatively, the saturation verification procedure specified above may be directly included in
the level-setting process of each CDN.

Annex J provides information on test generator compression and amplifier non-linearity.
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In the step a) setting process the voltage U, shall be:

+19%

16"/}’ in linear quantities, or
- (o]

Unr = U0/6 (
Unr =Ug —15,6 dB £1,5dB, in logarithmic quantities.
NOTE 2 U, is the test voltage specified in Table 1 and U, is the measured voltage as defined in 3.12 and shown

in Figure 16. To minimize testing errors, the output level of the test generator is set by setting U, with 150 Q loads
(for instance with the 150 Q to 50 Q adapter and 50 Q termination) and not by setting U,.

NOTE 3 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.

The| control parameters of the test generator setting shall be recorded and used-fortesting

It is|intended that the test generator setting process should be carried out atleast annually fand
whgn significant changes are made to the test generator or its relevant equipment (RF generptor,
amplifier, CDN, coupling device, etc.), or both.

n
< ,‘ }o Common-mode point

EUT port IEC

a) Definition of a common-mode point with unscreened cables containing n wires

n

» (=

EUT port

® Common-mode point

IEC

b)_/~Definition of a common-mode point with screened cables containing n wires

Fijgure<15= Definition of a common-mode point for unscreened and screened cables
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Dimensions in millimetres

A
A

) ) =30
150 Q to 50 ©

IN adapter /_6
[] AE EUT 1 100 QI /\
Test '4/
a) . Coupling/decoupling

generator U,
C) 150 Q
Ug J

mr
1
s R A g ERF A A e e ERF A A e e ////\///////////////////// EAE A A I A A A N R A N A a ks

device

Reference ground, plane

Common mode point(s) EC

Coupling/decoupling devices:
— ({DNs;
— direct injection network (with decoupling);

— damp injection device (e.g. EM clamp, current clamp with decoupling device).

e applied to unscreened cables (screened cables have their screens connected to the reference ground glane

a) ihe 150 Q loading, for example a 150 Q to 50 Q adapter terminated with a(5@ Q load at the AE port, shall{only
the AE side).

Figure 16 — Setup for level-setting at the EUT port of the coupling/decoupling devicps

7 |Test setup and injection methods

71 Test setup

The| equipment to be tested is placed on_an‘insulating support of 0,1 m £ 0,05 m height above
a refference ground plane. A non-conductive roller/caster in the range of 0,1 m + 0,05 m above
the [reference ground plane can be used as an alternative to an insulating support. All cables
exitlng the EUT shall be supportediat a height of at least 30 mm above the reference ground
plane.

If the equipment is designed’to be mounted in a panel, rack or cabinet, then it shall be tested
in this configuration.

Grounding of the, equipment shall be consistent with the EUT’s installation instructions.

Where coupling or decoupling devices, or both, are required, they shall be located between
0,1 m and-053 m from the EUT (this distance is denoted D in this document). This distance is to
be measured horizontally from the projection of the EUT onto the reference ground plane to[the
coupling or decoupling device, or both. See Figure 18, Figure 19 and Figure 22. Subclayses
7.2 To 7.7 provide more deiailed information. Annex F shows a tesf sefup example of a large
EUT.

NOTE Distance D is not required to be the same on all sides of the EUT, but is between 0,1 m and 0,3 m.

If the EUT is provided with a human interface device (i.e. keyboard, or any hand-held accessory),
then the artificial hand shall be placed on this human interface device or wrapped around the
accessory and connected to the reference ground plane. Details on construction, application
and use of the artificial hand can be found in CISPR 16-1-2.
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Dimensions in metres

A
©
[to)
o
Al AO,1 msD=<03 m
A CDN-M1/AHb
[] H
p L]
a
R ]
EUT
4 CDN-
le) H
Insulating support

Reference ground plane

T Termination 50 Q & o e e o e A e e e e = - - —

RF generator T2

Test generator
- ! IEC
a :Ihe EUT clearance from any metallic,abjects other than test equipment shall be at least 0,5 m.

he CDN not used for injection_shallbe terminated with 50 Q, providing only a single return path. An artificial
and (AH) can also be used, dépending on the kind of EUT.

-

Figure 17 — Example of test setup with a single unit EUT
with only one CDN for injection (top view)

7.2 EUT comprising a single unit

The| EUT shall'be placed on an insulating support 0,1 m above the reference ground plane. [The
referencesground plane may be placed on a table (see Figure 18).

On glhcables to be tested. coupling and decoupling devices shall be inserted (see 7.4.3). [The
coupling and decoupling devices shall be placed on the reference ground 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 reference ground plane shall be at least 30 mm.

Custom length of cables can be necessary, i.e. shortened or modified to a length to fulfill the
setup requirements.

The preferred length of cable between EUT and CDN is less than 0,3 m. In case the cables
cannot be shortened to this length, the setup shall be stretched out up to a cable length of
maximum 2 m to allow a straight layout of the cable. In case of cable lengths exceeding 2 m,
the excess cable length shall be laid out in serpentines if the cable is flexible enough to do so.
The excess length of the cable shall be kept at least 30 mm above the reference ground plane,
and not bundled or wrapped.
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All deviations exceeding the preferred cable lengths of maximum 30 cm shall be stated in the
test report.

If the EUT is provided with other earth terminals in addition to the dedicated PE, they all shall
be bonded together and then connected to the reference ground plane through CDN-M1 (unless
this would significantly deviate from the intended installation in practice), see 6.2.2.2 and
Figure 17 (i.e. the AE port of the CDN-M1 is then connected to the reference ground plane).

AE required for the operation of the EUT according to the specifications of the product
committee, for example communication equipment, modem, printer, sensor, as well as AE
nec f f ; ted
to the EUT through coupling or decoupling devices, or both. The number of cables to be-tested
be limited; however, at least one of each physical type port shall be submitted tosinjecti

Dimensions in metres

0,im=<D<03m

- L

20,52

A
O

20,52 T

EUT

1
O

MNNNANNNNN
; |

Insulating-support

Reference ground plane

T Termination 50 Q

Test generator

I
1
RF generator T2 1
I
I
}

IEC

a8 The EUT clearance from any metallic objects other than test equipment shall be at least 0,5 m.
b Only one of the CDNs not used for injection shall be terminated with 50 Q, providing only a single return path. All

other CDNs shall be configured as decoupling networks.

Figure 18 — Example of test setup with a single unit EUT (top view) using multiple CDNs
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7.3 EUT comprising several units

Equipment comprising several units, which are interconnected, shall be tested using one of the
following methods.

— Preferred method: Each sub-unit shall be treated and tested separately as an EUT (see
7.2), considering all others as AE. Coupling and decoupling devices (or CDNs) shall be
placed on the cables (according to 7.4.1) of the sub-units considered as the EUT. All sub-
units shall be tested in turn.

— Alternative method: Sub-units that are always connected together by short cables, i.e.
< 0.4 m. and that are part of the equipment to be tested, can be considered as one EUT. No
conducted immunity test shall be performed on their interconnecting cables, these_cables
being regarded as internal cables of the system. See Figure 19.

The| units being part of such an EUT shall be placed as close as possible to each-other without
making contact, all on the insulating support. The interconnecting cables of these units ghall
alsd be placed on the insulating support. All other cables shall be tested according to the rules
of 714 to 7.7.

The| EUT clearance from any metallic obstacles other than the test equipment shall be at I¢ast
0,5m.

Dimensions in metres

20,5
(@]
O
IZ
=
H 3
L
(L
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

A
0,1ms<DP=s0,3m

EUT-4 EuT2 || con
(ex.*PC) (ex. monitor) \_[ ©) ]—>

p—* |
510 Q S S FIIE_
o o+ H:}S_ CDN- L

1
1
220 pF '
]_ — :
Insulating support Artificial hand L=

h=0,1m=0,05m Reference ground plane

T Termination 50 Q
T2 Attenuator (see 6.1)

RF generator

IEC

a8 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 configured as decoupling networks.

b Interconnecting cables (< 0,4 m) belonging to the EUT shall remain on the insulating support.

Figure 19 — Example of a test setup with a multi-unit EUT (top view)
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7.4 Rules for selecting injection methods and test points
7.41 General

To select the type and number of cables to be provided with coupling and decoupling devices,
the physical configuration of typical installation conditions shall be considered, for example the
likely length of the longest cables.

7.4.2 Injection method

Figure 20 gives rules for selecting the injection method.

Selecting
injection method

Are CDNs
applicable? ©

Yes No

Use CDN injection
752

Yes b
Screened cable?

Is EM clamp
injection applicable?4

Use EM ol iniection 7.6 Use direct injection 7.7 Use EM clamp or current
se clamp injection 7. or current clamp injection 7.6 clamp injection 7.6
IHc
a8 dee Table 4.
b dee 6.2.3.

¢ dee 6.2.1,

4 “Ppplicable” means that the EM clamp can technically accommodate the cable.

NOTE_\The decision path in the flowchart prefers test methods using a coupling device, for example CDN of EM
clamp over direct injection, because the use of a coupling device is usually more prescriptive and leaves less room
for individual setups, like direct injection.

Figure 20 — Rules for selecting the injection method

Testing shall be performed with the EUT, including selected cables for testing, installed,
arranged and operated in a manner consistent with typical applications. CDNs not listed in this
document, but meeting the requirements of this document, may also be used.

Where several cables coming from the EUT are in close proximity over a length of more than
10 m or are routed from the EUT to other equipment in a cable tray or conduit, they should be
treated as one cable, regardless of cable types present. If the bundle of cables is too large for
testing as one cable, they should be separated by cable type or function (e.g. signal, mains,
screened, etc.) and at least one cable of each type or function tested individually.
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023

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
standard. Examples of CDNs are described in Annex D.

7.4.

3 Ports to be tested

In any one test, only two 150 Q networks are required, one for signal injection, one for signal
return path. It is not necessary to connect unterminated CDNs to all other EUT ports which are
not yet undergoing RF test signal injection or return path. These other ports can instead be left

ope
unti
con
the

rem

If th
equ

different types of ports are covered.

7.5

When using the CDN injection, the following measures shall be-taken.

a)

b)

n (unless the technical function of the EUT requires a treatment of these ports for operat

ion)

they shall be used for injection of the test signal. At that time the suitable CDN car
hected and used for injection on each of such ports in turn. The CDN used for injectio
test signal can be moved between different ports as they are tested. When “a CDI|
oved from a port, it may be replaced by a decoupling network.

e EUT has multiple identical ports (same input or output electronic circuits;Joads, conne
pment, etc.), at least one of these ports shall be selected for testing to ensure tha

CDN injection application

f the AE is directly connected to the EUT (e.g. no decoupling on the connection betw
hem as shown in Figure 21a)) then it is to be placedon an insulating support 0,1 m + 0,0
hbove the reference ground plane and groundedyvia a terminated CDN.

f the EUT has multiple AEs directly connected\to it, only one AE shall be terminated in
manner. Other directly connected AEs shallPhave all other connections decoupled. ]
bnsures that there is only one loop termjnated with 150 Q at each end.

f the AE is connected to the EUT viala CDN, then its arrangement is not generally cri
bnd it can be connected to the reféerence ground plane in accordance with the AE’s
EUT’s installation requirements.

Dne CDN shall be connected™o the port intended to be tested and one CDN with 5
ermination shall be conneCted to another port. Decoupling networks shall be installeg

vith 150 Q at each end,

he CDN to be terminated shall be chosen according to the following priority:
1) CDN-M1 used for connection of the earth terminal;

P) CDN-M3,"CDN-M4, or CDN-M5 used for mains (class | equipment);

B) CDN-<Sk (n =1,2,3...): if the EUT has several CDN-Sx ports, the port which is closes
the\port selected for injection (shortest geometrical distance) shall be used;

1), {CDN-M2 used for AC or DC mains (class Il equipment);

be
n of
N is

tted
i all

een
5 m

this
[his

ical
and

0Q
on

bl other ports to which ¢ables are attached. In this manner there is only one loop terminated

5) Other CDN connected to the port which is the closest to the port selected for injec
(shortest geometrical distance).

NOTE 1 Annex | gives guidance for an alternative CDN injection process for specific products.

If the EUT has only one port, that port is connected to the CDN used for injection.

NOTE 2 The capacitive coupling path from the EUT to the reference ground plane provides the return pat
the test signal.

tion

h for
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f) If the EUT has two ports and only one CDN can be connected to the EUT, the other port
shall be connected to an AE that has one of its other ports connected to a CDN terminated
with 50 Q in accordance with the above-mentioned priority. All other connections of the AE
shall be decoupled (see Figure 21a)). If an AE connected to the EUT shows an error during
the test, a terminated EM clamp may be connected between the EUT and AE (see
Figure 21b)). The interface cable should have enough length to add the terminated EM
clamp without changing the setup.

g) If the EUT has more than two ports and only one CDN can be connected to the EUT, it shall
be tested as described for two ports but all other EUT ports shall be decoupled. If an AE
connected to the EUT shows an error during the test, a terminated EM clamp may be

connectad bhaetween nd AE _as mantionad houva

If in] actual installations the supply wires are individually routed, separate CDN-M1 CDNs ghall
be ysed. All input ports shall be treated separately.

If tHe EUT is provided with functional earth terminals (e.g. for RF purposescor-high leakiage
currlents), they shall be connected to the reference ground plane:

— through the CDN-M1 when the characteristics or specification of theé EUT permit. In [this
case, the (power) supply shall be provided through an appropriaterxCDN-Mx type network;

— Wwhen the characteristics or specification of the EUT do not permit'the presence of a CDNrM1
hetwork in series with the earth terminal for RF or other reasons (for example, if this would
significantly deviate from the intended installation in practice), the earth terminal shall be
directly connected to the reference ground plane. In this case the CDN-M3 network shall be
feplaced by a CDN-M2 network to prevent an RF ‘short-circuit by the protective eprth
conductor. When the equipment was already supplied via CDN-M1 or CDN-M2 networks,
hese shall remain in operation;

— for a three-phase supply, a similar adjustment shall be done regarding the use of an
bppropriate CDN-Mx type network.
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D . 01m=D=03m _
50Q £
T S
| o
Interface R EUT
cable QV
<—] CDN2 §§ HE
Reference ground plane 0\
0,1 m £0,05 m insulating support 0,1 m £0,05 m insulating support

IEC

a) Schematic setup for a two-port EUT connected to only 1 CDN

01m=sDy=<03m
D, < 0,3 mwhere possible

A

Dy D,
> Interface cable >
T €
-
Lr‘ 2 EUT
Q 1
CDN 2 EM clamp i CDN1 [—>

o

Reg

T2:

CDN

7.6

e ..-"/..-"..-"..-"/..-"..-"..-"/..-‘::-" R R R R T R Fr F F Fr Fr e e i d e e e s
ference ground plane A&
0,1 m £0,05 m insulating support 0;4*m £0,05 m insulating support
IEC
b) Example: schematic setup when AE.shows errors during the test
Termination 50 Q
Attenuator (see 6.1)

Coupling and decoupling network

Figure 21 — Immunity test for two-port EUT (when only one CDN can be used)

Clamp injection application

When using clamp injection;,ceach AE shall represent the functional installation conditions as

clogely as possible. The following measures shall be taken:

Fach AE used withtelamp injection shall be placed on an insulating support 0,1 m £ 0,05 m
bbove the reference ground plane.

The clamp shall be placed on the cable to be tested. The clamp shall be supplied with|the
est generator level previously established during the level-setting procedure.

A decoupling network shall be installed on each cable between the EUT and AE except|the
Cablé under test.

Al ¢ables connected to each AE, other than those being connected to the EUT, shall be
provided with decoupling networks, see 6.2.5. Custom lengths of cables can be necessary,
that is, shortened or modified to a length to fulfil the setup requirements. If a longer cable
has to be used due to functional requirements, the excess length of the cable shall be kept
at least 30 mm above the reference ground plane, and not bundled or wrapped.

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 between the AE and the injection clamp shall not be
bundled nor wrapped and shall be kept at a height of 30 mm or more above the reference
ground plane.

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 7.5.
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To

When several clamps are used, the injection is performed 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 6.2.5.

Each AE and EUT used with clamp injection shall represent the functional installation
conditions as closely as possible, for example the EUT shall either be connected to the
reference ground plane or placed on an insulating support (see Figure 22 and Figure 23).

The common-mode impedance of the AE should be less than or equal to the common mode
impedance of the EUT port being tested. If the AE impedance cannot be lowered without
changing the usual installation practice, there is no need to make a special connection to

lower the impedance for this test. In this case, the test is performed with a s

etup

Fepresenting the actual use.
The induced voltage is set in the same way as specified in 6.4.2.
he current (without modulation) resulting from the induced voltage (set accetding to 6

current is monitored and exceeds the nominal circuit value I, given ‘below, the
jenerator level may be reduced until the measured current is equal to'the 7, value g

est report. In case of dispute, the test method limiting thecurrent to 7., will
brecedence.

Inmax = Ug/150 Q

reference ground plane. If the monitoring probedyas a ground bar, it shall also be conne
o the reference ground plane (see Figure 22:and Figure 23).

¢nsure reproducibility, the test setup shall’he fully described in the test report.

i RF:generator
1
1

01m=Dy<0,3m
Test generator

A
y

A
Y
/
A

A

AE, 1 2 EUT
i : J b L
CDN 2 i Y| Clamp injection T CDN 1

By means of a current monitoring probe inserted between the injection clamp and the HUT,

#.1)

can be monitored. This probe should be kept in close proximity to the injection clamp. Iflthe

test
ven

below. If the test generator level is reduced, then this reduced levelshall be recorded in|the

fake

During a test, a ground connection shall be madeAfrom the earth bar of the EM clamp to|the

tted

device IZ ®

S S A A A S

s e T T
Refprence ground plane /‘K Monitoring probe 0,1 m £ 0,05 m insulating suppdrt
. ) if needed ) .
0,1 m £ 0,05 m insulating support - Short earthing strap if needed
Measuring
equipment .

T2:

Termination 50 Q

Attenuator (see 6.1)

CDN: Coupling and decoupling network

Figure 22 — General principle of a test setup using clamp injection devices
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Dimensions in metres

-1
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o AE 2 =
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50 0 h 0,1 m=0,05m
] CDN-Mx
; Clamp injection
Insulating support . — AE 1 — >
70,1 m 0,05 m device T
e L' T |
1
Monitoring probe if needed Era‘:\ Attenuator (see’6.1) S0Q
1
1

Measuring
equipment

!
| RF generator |'.
)
|
|

Test generator,

T: Termination 50 Q
T2: Attenuator (see 6.1)
CDN Coupling and decoupling network

Figure 23 — Example of the test unit locations on the ground plane
when usinggnjection clamps (top view)

7.7| Direct injection application
When using direct injectiontoscreened cables, the following measures shall be taken.

— ['he EUT shall be placed on an insulating support of 0,1 m height above the refergnce
jround plane.

— Pn the cable_being tested, a decoupling clamp as specified in Clause A.3 shall be plgced
between thesinjection point and the AE, as close as possible to the injection point. A second
bort of thé<EUT shall be loaded with 150 Q (see 7.5 and Figure 6 for details). On all other
Cables ‘attached to the EUT decoupling networks shall be installed. When left open, a ¢DN
s considered a decoupling network. See also 6.2.5.

— ['hésinjection point shall be located between 0,1 m and 0,3 m from the geometric projegtion
of the EUT onto the reference ground plane.

— The test signal shall be injected directly onto the shield of the cable through a 100 Q resistor
(see 6.2.4).

8 Test procedure
The EUT shall be tested within its intended operating and climatic conditions.

The radiation from the test setup can be subject to local interference regulations. If the radiated
energy exceeds the permitted level, the test shall be performed in a shielded enclosure.
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NOTE 1 Generally, this test can be performed without using a shielded enclosure. This is because the disturbance
levels applied and the geometry of the setups 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 clamp) in turn. All other cables not under test shall either be provided
with decoupling networks or unterminated CDNs, or disconnected when setup conditions cannot
be met.

A low-pass filter (LPF) or a high-pass filter (HPF), or both, for example 100 kHz cut-off
frequency, can be required at the output of the test generator to prevent (higher order or sub-)
‘G“‘ oM i‘-i‘i € w 2 T 0atrG=SToOP—Cnra ;““‘G 1€ = STé €S lient
to suppress the harmonics so that they do not affect the results. These filters shall be insefted
after the test generator before setting the test level (see 6.1 and 6.4.1).

The|frequency range is swept from 150 kHz to 80 MHz, using the signal levels (ferward power)
estgblished during the setting process, and with the disturbance signal '80°% amplifude
modulated with a 1 kHz sine wave, pausing to adjust the RF signal level or to&>¢change coupling
dev|ces as necessary. Where the frequency is swept incrementally, thexstep size shall|not
exceed 1 % of the preceding frequency value. The dwell time of the amplitude modulated cafrier
at epch frequency shall not be less than the time necessary for the EUT to be exercised and to
respond, but shall in no case be less than 0,5 s. Potentially sensitive frequencies shall be tested
in addition to the maximum 1 % step size.

NOTE 2 Since the EUT can be disturbed by transients occurring duringfrequency stepping, provisions will be made
to avoid such disturbance. For example, before the frequency change,‘the strength of the signal can be decreaded a
few @B below the test level.

Attgmpts shall be made to fully exercise the EUT during testing, and to fully interrogate all
exefcise modes selected for testing.

The|use of a special exercising program is<tecommended.
Testing shall be performed according\to a test plan.

It can be necessary to carry out:some investigatory testing in order to establish some aspects
of the test plan.

In opder to reduce testitime, more than one frequency may be applied simultaneously (mulfiple
signal testing) during a'single dwell time, provided the linearity requirements of 6.4.2 are met
on the aggregate signal. At each of the signal frequencies, the test levels shall be the gnes
resylting from the“level-setting procedure for testing with one frequency at a time. The same
modulation jis\applied simultaneously to each signal. Intermodulation signals shall be treated
like|harmonics and checked to ensure they are not causing a significant effect (see Anngx H
reg}rding modulation effects and Clause 9 regarding the evaluation of the test result). [The

phagelofthe modulation signal during AM modulation shall be identical for all simultaneous ftest
fre

lencies

9 Evaluation of the test results

The following classification may be used as a guide in formulating performance criteria, by
committees responsible for generic, product and product-family standards.

The test results shall be evaluated during the dwell time and classified in terms of the loss of
function or degradation of performance of the EUT, relative to a performance level derived from
the accompanying documents, for example specification sheets, manuals, user guides.
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recommended classification is as follows:

a) normal performance within limits specified in the accompanying documents;

023

b) temporary loss of function or degradation of performance which ceases after the disturbance
ceases, and from which the EUT recovers its normal performance, without operator

ntervention;

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

o hardware or software. or loss of data.

The
insi

EUT
test
cau
Inc

10

The
the

EUT’s accompanying documents may specify effects on the EUT which are considg
gnificant, and therefore acceptable.

| performance evaluation should be based on a single cause-and-effect pasis. If mulf
signals were used during testing, ensure that any recorded performance:dégradation
5ed by a single test signal and was not caused by the combination of imultiple test sign
nse of dispute the single signal test takes precedence.

Test report

test report shall contain all the information necessary, toreproduce the test. In partic
following shall be recorded:

dentification of the EUT and any associated eguipment, for example brand name, pro
ype, serial number, software, etc.;

he size of the EUT;

representative operating conditions of the*EUT;

whether the EUT is tested as a singleor multiple unit;

he types of interconnecting cables;including their length, and the interface port of the |
o which they were connected,;

bny specific conditions for use, for example cable length or type, shielding or grounding
EUT operating conditionsy\which are required to achieve compliance;

he recovery time of,the EUT if necessary;

he type of test facility used and the position of the EUT, AE(s) and coupling and decoup
jevices;

dentificatiofi-of the test equipment, for example brand name, product type, serial num
software~eic.;

he coupling and decoupling devices used on each cable;

ar.each injection port, indicate which decoupling devices were terminated in 50 Q;

red

iple
was
als.

ar,

juct

FUT

, or

ling

ber,

a description of the EUT exercising method,;

— any specific conditions necessary to enable the test to be performed;

the frequency range of application of the test;

the rate of sweep frequency, dwell time and frequency steps;

the test level set;

the number of tones and grouping used (if applicable);

the performance level specified by the accompanying documents;

the performance criteria that have been applied;

duration for which these effects persist;

the rationale for the pass/fail decision.

any effects on the EUT observed during or after application of the test disturbance and the
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Annex A
(normative)

EM and decoupling clamps

EM clamps

1 General

Annlex A deals with the requirements of EM clamps. The EM clamp (in confrast fo

con
con
cha
dec

ventional current injection clamp) has directivity above several tens of MHZzZ:

struction and concept of the EM clamp are shown in Figure A.1 and Figure A2-Tyg
Facteristics of impedance can be found in Figure A.7. Typical characteristics of
bupling factor can be found in Figure A.8. Typical characteristics of the coupling factor

be found in Figure A.11. These characteristics were measured using the procedure descri

in G

A.1
EM

NOT]
othe

lause A.2.

2 Specification of EM clamps
clamps are used for injection into cables. The requirements dre:

bperating frequency range: 0,15 MHz to 80 MHz;

ength: 650 mm £ 50 mm;

height of clamp opening centre above ground planet 50 mm to 70 mm;

Clamp opening diameter: 20 mm £ 2 mm;

clamp reference point (distance from outer dimension to first core): < 30 mm.

physical dimensions (e.g. to test larger diameter cables).

E The electrical characteristics shown in Figure 'A.7, Figure A.8 and Figure A.11 can also be achieved U

the
The
ical
the
can
bed

sing
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Dimensions in millimetres

EM clamp 0,15 MHz - 80 MHz
Elevation (section)

B 3C11 (26%) ., 4C65(5x) _, | 4C65(5x) _
11 6 £ 6 i 1 2
Y
\/\/J 2 B\/ \x 35
28 A 4 A AR AR RSN A 4 KN ARG | AR AR RO AR AR L N AR AROR ARG 98 AN G K 13
) ) N | \
— | { ® \l \
D N P G S I N\ I IR 5 IR ¢ e
ANV
| AN\ NN g —
V- 1
12 4 3
635 o
- 700 -

Lower part (top view)

Components

1 Ferrite ring cores & 36 mmr *©J 23 mm x 15 mm

10 rings, NiZn, p ~ 100

26 rings, MnZn, y_=4 300

Semi-cylinder of copper foil glued to the groove

3 Lower conductor plate

Earth bar

5/6 Devices. for pressing the cable under test into the groove
Parts'from insulating material with pressure springs (not shown)

7 Ferrite tube, 4C65
8 Toaxial cable, b0 (J with BNT connector
9 Switch for the disconnection of Z,

10 Slot for part no. 2

11 Elastic fixing of ferrite (upper semi-ring)
12 Lower insulating plate

13 Protection plate for Z,, Z,

EUT Equipment under test
Z, Series impedance: C,: 20 pF to 100 pF, L;: 0,15 pH, R;: 50 Q /12 W
z, Series impedance: L2: 0,8 pH, R2: 50Q/12 W

Figure A.1 — Example: Construction details of the EM clamp
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1
2 e
b

AE T EUT

~—==-J7-—-" ~—==-J7-—-"

I ! I !

: Zae : ZZ Z1 :Zeut :

| ! | I

| ! | !

I ! | !

! | <> ! |

| l ! i

7
R ol
2 2 Gy N !
50 Q )
Z s
Comlponents
1 Ferrite tube (clamp) length 0,6 m, @ 20 mm, consisting of 10 rings, 4C65,(u_* 100) at the EUT
side and 26 rings 3C11 (u = 4 300) at the AE side

2 Semi cylinder of copper foil
7 Ferrite tube (u  100) included in the EM clamp construction
Z,, 4, Built-in to optimize the frequency response and directivity
G, Test generator

Pringiple of the EM clamp:
— magnetic coupling by the ferrite tube (item 1);

— ¢dlectric coupling by close proximity between EWT ‘table and copper foil (item 2).

Figure A.2 — Example: Concept of the EM clamp

A.2l EM clamp characterization

A.2/1 Specification,of the clamp test jig

A tgst jig used formeasuring the S-parameters of clamps shall have a cylindrical metal|rod
aboje a metal plate(reference ground plane) as shown in Figure A.4 and Figure A.5. The Jtest
jig qonsists of three sections: one section forming a transmission line in the jig between the|two
reference planes, and two reference planes with lossless 50 Q adapters, see Figure A.3,
Figyre A.4*and Figure A.5. For the characterization of the EM clamp, a single metal rod is used.
Thellengthof the metal rod (Lp + Lg + Ligference) iS S€t to allow the dimensions of Figure A5 to

be gatisfied.

The diameter d of the cylindrical rod shall be 4 mm. The height # above the ground plane is
constrained by the dimensions of the clamp. Typical values are 50 mm up to 70 mm. The
measurement shall be performed at the height given by the construction of the clamp using the
centre position of the clamp opening.

The distance between the clamp reference point (15t core) and the vertical flange of the jig L,
and Lg shall be 30 mm + 5 mm (see Figure A.5). The size of the reference ground plane shall
exceed the projected geometry of the setup on all sides by at least 0,2 m.
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Front view Side view Side view details

A.2]2
A.2)21

A.212.14

Height /# above the Metal rod 4 mm

-
Metallic plane
(e.g. copper)
S 4 mm N connector
- metal rod
! 100 ' ! 100 '

IEC

-~ | LReference |
|

{— =P

A
A

IEC

Figure A.4 — Testjig

| |
E[ I-; Clamp under test : ]]

Reférence ground plane

ground plane diameter

IEC
Figure A.5 — Test jig with inserted clamp

Clamp ‘characterization
Impedance

Measurement setup

Thetestjigas specifiedm A Z Tshattbe usedforthe impedance measurement. 1 he ctamp (i.e.
injection port) shall be terminated with a 50 Q load and placed into the test jig, see Figure A.6.
For impedance measurement the EM clamp is treated as a two-port device which can be
characterized by its S-parameters S44, Sy, So4 and S,, measured in a 50 Q system using a

network analyzer. Prior to the measurement the network analyzer shall be normalized at the
cable ends (to be connected to the jig) using a standard through-open-short-matched (TOSM)
method with an appropriate calibration kit. The length between the cable end and the clamp
reference point shall be respected by a port offset of the vector network analyzer (VNA) or by
other means.
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50 Q termination
VNA port 1 Iy o . Ig VNA port 2
- | Iniecti ]
L njection connector i
| n i |
! -'a EM clamp 2 ]:|
Reference ground plane IEC

Figure A.6 — Impedance / decoupling factor measurement setup

A.212.1.2 Transformation
The| S-parameters obtained from the network analyzer measurement as describedqin ‘A.2.2.1.1
are [measured in a 50 Q system. However, the characteristic impedance Zr'ef af\thie test jig is
typigally different from 50 Q. It is determined by the height of the clamp epenring above|the
grolind plane. Using 4BCD transformation, a set of transformed parameters independent from
Z.o5lcan be obtained using the following formulae:
NOTE All calculations are performed with complex numbers.
Zef =50Q (A.1)
1+ 811) (1= S90)% 5158
1< (519)(1- S29)% 512521 h.2)
(EYR N ERYPIERYPRY
_ (45900 + Sp0) - 512571 Zoo (A.3)
1-811)(1=855) = S4o8
o= (1=511)(1-S5) - 51 27 . (A.4)
1-S11)(1+ S99 ) + 8155
p = (1=51)(1+ 52) + 812554 (h.5)
Based.on the ABCD parameters a set of S-parameters based on the characteristic impedgnce
Z’I’eT ofthe test Jug can-be-calculated-
Zpet =60 Qxcosh™’ (Zd—hj (A.6)
where
d is the jig conductor diameter (specified to be 4 mm);
h is the height of the centre of the jig conductor above the ground plane.
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B =Bl Z (A7)
C'=C-Zyg (A.8)

. A+B -C -D
Spy=tto =2 (A.9)

A+B +C +D

_ 2(4D-BC)
Sip=—n 2 ) (Al10)

2= ; ;
A+B +C +D

' 2
M=
S (Af11)
A+B +C +D
Spp = —ArB-C*D (Al12)
A+B +C +D
A.2]12.1.3 Impedance calculation
The|input impedance is given by
' 1+S;1
Zin = Zref (A}13)

Figure A.7 gives typical examples of the impedance curve for three different EM clamps.
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EM clamp - [Z_EUT]| (TOSM - ABCD transformation)
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Figure A.7 — Typical examples for clamp impedance, three typical clamps

NOTE The impedance measured according to this procedure is valid.for the case where the far end of the dgvice
is tefminated by Z . This value can be different when using the clamp’in immunity test setups due to the regl AE

impgdance.
A.212.2 Decoupling factor between EUT and AE

Thel measurement setup and the transformation shall be applied as described in A.2.2.1.1 jand
A.2]2.1.2. The decoupling factor is calculated by

d[dB] = 200g1o (| S2) (Al14)

Figure A.8 gives typicaltexamples of the decoupling factor curve for three different EM clamps.

EM clamp - decoupling factor (TOSM / ABCD transformation)

Vi
Ui

|
S
// 7
///
Vi
IR\

-10

a (dB)

-12

-14

-16

-18

—20 :
0,1 1 10 100

Frequency (MHz)

IEC

Figure A.8 — Typical examples for decoupling factors, three typical clamps
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A.2.2.3 Coupling factor

The coupling factor shall be measured in a 150 Q system according to the setup shown in
Figure A.10. The test jig as described in A.2.1 shall be used with the following modifications:
The height of the cylindrical rod shall be adjusted to be in the bottom position of the clamp
opening. Furthermore 150 Q to 50 Q adapters shall be inserted in the reference planes. Prior
to the measurement the setup shall be normalized by connecting the reference planes of the jig
back to back, see Figure A.9. The use of two 10 dB attenuators as shown in Figure A.9 and
Figure A.10 is recommended.

VNA port 1 VNA port 2
(S21) (S21)

<—|—>|;| 108 [§ 1000 1000 [l 1008 l:|<—|_>

Reference ground plane

IEC

Figure A.9 — Normalization setup for coupling factor méasurement

VNA port 1
(S21)

VNA port 2
S21) ! LB
. Injection connector : 50 Q
! terminatiop
[
EI 10 dB [I 100 @ EM clamp Wy 100 Q |ﬂ 50 Q

Reference ground plane IEC

Figure A:10 - S, coupling factor measurement setup

Figyre A.11 gives typical examples of the coupling factor curve for three different EM clamps.
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EM clamp - coupling factor
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Figure A.11 — Typical examples for coupling factor,three typical clamps

Decoupling clamp characterization

1 General

oupling clamps are used for decoupling. Typical characteristics of impedance can be fo

se characteristics were measured using the procedures described in A.3.3 and A.3.4.

2 Specification of decoupling clamps
requirements are:

bperating frequency range: 0,15 MHz to 80 MHz;
corresponds to(>;14 dB measured in a 50 Q system);

neight of the.centre of the clamp opening above the ground plane: 35 mm to 70 mm;
clamp reference point (distance from outer dimension to first core): < 30 mm.

3 Impedance

igure A.13. Typical characteristics of the decoupling factor can be found in Figure Al

A.3

St Measturement-setup

und
14.

Hecoupling > 5 dB-in“the frequency range above 1 MHz (measured in 4BCD transformafjion,

The test jig as specified in A.2.1 shall be used for the impedance measurement. The decoupling
clamp shall be placed into the test jig, see Figure A.12. For impedance measurement the
decoupling clamp is treated as a two-port device which can be characterized by its
S-parameters S44, S45, So4 and S,, measured in a 50 Q system using a network analyzer. Prior
to the measurement the network analyzer shall be normalized at the cable ends (to be
connected to the jig) using a standard TOSM method with an appropriate calibration kit. The
length between the cable end and the decoupling clamp reference point shall be respected by
a port offset of the network analyzer or by other means.


https://iecnorm.com/api/?name=f9442ec95d93a0dc57df227716e4b70a

	Redline version 
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 General
	5 Test levels
	6 Test equipment and level adjustment procedure
	6.1 Test generator
	6.2 Coupling and decoupling devices
	6.2.1 General
	6.2.2 Coupling/decoupling networks (CDNs)
	6.2.3 Clamp injection devices
	6.2.4 Direct injection devices
	6.2.5 Decoupling networks

	6.3 Verification of the common-mode impedance at the EUT port of coupling and decoupling devices
	6.3.1 General
	6.3.2 Insertion loss of the 150 Ω to 50 Ω adapters

	6.4 Setting of the test generator
	6.4.1 General
	6.4.2 Setting of the output level at the EUT port of the coupling device


	7 Test setup and injection methods
	7.1 Test setup
	7.2 EUT comprising a single unit
	7.3 EUT comprising several units
	7.4 Rules for selecting injection methods and test points
	7.4.1 General
	7.4.2 Injection method
	7.4.3 Ports to be tested

	7.5 CDN injection application
	7.6 Clamp injection application 
	7.7 Direct injection application

	8 Test procedure
	9 Evaluation of the test results
	10 Test report
	Annexes 
	Annex A (normative) EM and decoupling clamps
	A.1 EM clamps
	A.1.1 General
	A.1.2 Specification of EM clamps

	A.2 EM clamp characterization
	A.2.1 Specification of the clamp test jig
	A.2.2 Clamp characterization

	A.3 Decoupling clamp characterization
	A.3.1 General
	A.3.2 Specification of decoupling clamps
	A.3.3 Impedance
	A.3.4 Decoupling factor 


	Annex B (informative) Selection criteria for the frequency range of application
	Annex C (informative) Guidelines for selecting test levels
	Annex D (informative) Information on coupling and decoupling networks
	D.1 Basic features of the coupling and decoupling networks
	D.2 Examples of coupling and decoupling networks

	Annex E (informative) Information for the test generator specification
	Annex F (informative) Test setup for large EUTs
	F.1 General
	F.2 Test setup for large EUTs

	Annex G (informative) Measurement uncertainty of the voltage test level
	G.1 General
	G.2 General symbols
	G.3 Uncertainty budgets for test methods
	G.3.1 Definition of the measurand
	G.3.2 MU contributors of the measurand
	G.3.3 Input quantities and calculation examples for expanded uncertainty

	G.4 Expression of the calculated measurement uncertainty and its application

	Annex H (informative) Testing with multiple signals
	H.1 General
	H.2 Intermodulation
	H.3 Power requirements
	H.4 Level-setting requirements
	H.5 Linearity check and harmonics checks of the test generator
	H.6 EUT performance criteria with multiple signals

	Annex I (informative) Port-to-port injection
	I.1 General
	I.2 Test setup for injection on identical ports 
	I.2.1 Selection of ports
	I.2.2 Procedure for port-to-port injection


	Annex J (informative) Amplifier compression and non-linearity
	J.1 Objective of limiting amplifier distortion
	J.2 Possible problems caused by harmonics and saturation
	J.3 Limiting the harmonic content in the disturbance signal
	J.4 Effect of linearity characteristic on the immunity test
	J.4.1 General
	J.4.2 Evaluation of the amplifier linearity characteristic 



	Bibliography
	Figures 
	Figure 1 – Diagram showing EM fields near the EUT due to common-mode currents on its cables
	Figure 2 – Schematic setup for immunity test to RF conducted disturbances
	Figure 3 – Example of unmodulated and modulated RF signal
	Figure 4 – Test generator setup
	Figure 5 – Principle of coupling and decoupling – Symbols used for the indicated setup principles
	Figure 6 – Principle of coupling and decoupling – Principle of direct injection to screened cables
	Figure 7 – Principle of coupling and decoupling – Principle of coupling to unscreened cables according to the CDN method
	Figure 8 – Principle of coupling and decoupling – Principle of decoupling
	Figure 9 – Example of circuit for level-setting setup in a 150 Ω test jig
	Figure 10 – Example of circuit for evaluating the transmission loss of the current clamp level-setting
	Figure 11 – Example of the setup geometry to verify the impedance characteristics of the coupling and decoupling devices
	Figure 12 – Setup principle to verify Zce of the coupling and decoupling device
	Figure 13 – Setup principle for measuring the insertion loss of two 150 Ω to 50 Ω adapters
	Figure 14 – Circuit and construction of the 150 Ω to 50 Ω adapter
	Figure 15 – Definition of a common-mode point for unscreened and screened cables
	Figure 16 – Setup for level-setting at the EUT port of the coupling/decoupling devices
	Figure 17 – Example of test setup with a single unit EUT with only one CDN for injection (top view)
	Figure 18 – Example of test setup with a single unit EUT (top view) using multiple CDNs
	Figure 19 – Example of a test setup with a multi-unit EUT (top view)
	Figure 20 – Rules for selecting the injection method
	Figure 21 – Immunity test for two-port EUT (when only one CDN can be used)
	Figure 22 – General principle of a test setup using clamp injection devices
	Figure 23 – Example of the test unit locations on the ground plane when using injection clamps (top view)
	Figure A.1 – Example: Construction details of the EM clamp
	Figure A.2 – Example: Concept of the EM clamp
	Figure A.3 – Dimension of a reference plane
	Figure A.4 – Test jig
	Figure A.5 – Test jig with inserted clamp
	Figure A.6 – Impedance / decoupling factor measurement setup
	Figure A.7 – Typical examples for clamp impedance, three typical clamps
	Figure A.8 – Typical examples for decoupling factors, three typical clamps
	Figure A.9 – Normalization setup for coupling factor measurement
	Figure A.10 – S21 coupling factor measurement setup
	Figure A.11 – Typical examples for coupling factor, three typical clamps
	Figure A.12 – Decoupling clamp characterization measurement setup
	Figure A.13 – Typical examples for the decoupling clamp impedance
	Figure A.14 – Typical examples for decoupling factors
	Figure B.1 – Start frequency as function of cable length and equipment size
	Figure D.1 – Example of a simplified diagram for the circuit of CDN-S1 used with screened cables (see 6.2.2.5)
	Figure D.2 – Example of simplified diagram for the circuit of CDN-M1, CDN-M2 and CDN-M3 used with unscreened supply (mains) lines (see 6.2.2.2)
	Figure D.3 – Example of a simplified diagram for the circuit of CDN-AF2 used with unscreened unbalanced lines (see 6.2.2.4)
	Figure D.4 – Example of a simplified diagram for the circuit of CDN-T2, used with an unscreened balanced pair (see 6.2.2.3)
	Figure D.5 – Example of a simplified diagram of the circuit of CDN-T4 used with unscreened balanced pairs (see 6.2.2.3)
	Figure D.6 – Example of a simplified diagram of the circuit of CDN AF8 used with unscreened unbalanced lines (see 6.2.2.4)
	Figure D.7 – Example of a simplified diagram of the circuit of CDN-T8 used with unscreened balanced pairs (see 6.2.2.3)
	Table E.1 – Required power amplifier output power to obtain a test level of 10 V
	Figure F.1 – Example of large EUT test setup with elevated horizontal reference ground plane
	Figure F.2 – Example of large EUT test setup with vertical reference ground plane
	Figure G.1 – Example of influences upon voltage test level using CDN
	Figure G.2 – Example of influences upon voltage test level using EM clamp
	Figure G.3 – Example of influences upon voltage test level using current clamp
	Figure G.4 – Example of influences upon voltage test level using direct injection
	Figure G.5 – Circuit for level-setting setup of CDN
	Figure H.1 – Impedance measurement using a voltmeter
	Figure H.2 – Impedance measurement using a current probe
	Figure H.1 – Test frequencies f1 and f2 and intermodulation frequencies of the second and third order
	Figure I.1 – Example of setup, port-to-port injection
	Figure J.1 – Amplifier linearity measurement setup
	Figure J.2 – Linearity characteristic
	Figure J.3 – Measurement setup for modulation depth
	Figure J.4 – Spectrum of AM modulated signal

	Tables 
	Table 1 – Test levels 
	Table 2 – Characteristics of the test generator 
	Table 3 – Main parameter of the combinationof the coupling and decoupling device 
	Table 4 – Usage of CDNs 
	Table B.1 – Main parameter of the combination of the coupling and decoupling device when the frequency range of the test is extended above 80 MHz
	Table G.1 – CDN level-setting process 
	Table G.2 – CDN test process
	Table G.3 – EM clamp level-setting process
	Table G.4 – EM clamp test process
	Table G.5 – Current clamp level-setting process
	Table G.6 – Current clamp test process
	Table G.7 – Direct injection level-setting process
	Table G.8 – Direct injection test process


	International Standard 
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 General
	5 Test levels
	6 Test equipment and level adjustment procedure
	6.1 Test generator
	6.2 Coupling and decoupling devices
	6.2.1 General
	6.2.2 Coupling/decoupling networks (CDNs)
	6.2.3 Clamp injection devices
	6.2.4 Direct injection devices
	6.2.5 Decoupling networks

	6.3 Verification of the common-mode impedance at the EUT port of coupling and decoupling devices
	6.3.1 General
	6.3.2 Insertion loss of the 150 Ω to 50 Ω adapters

	6.4 Setting of the test generator
	6.4.1 General
	6.4.2 Setting of the output level at the EUT port of the coupling device


	7 Test setup and injection methods
	7.1 Test setup
	7.2 EUT comprising a single unit
	7.3 EUT comprising several units
	7.4 Rules for selecting injection methods and test points
	7.4.1 General
	7.4.3 Ports to be tested
	7.4.2 Injection method

	7.5 CDN injection application
	7.6 Clamp injection application 
	7.7 Direct injection application

	8 Test procedure
	9 Evaluation of the test results
	10 Test report
	Annexes 
	Annex A (normative) EM and decoupling clamps
	A.1 EM clamps
	A.1.1 General
	A.1.2 Specification of EM clamps

	A.2 EM clamp characterization
	A.2.1 Specification of the clamp test jig
	A.2.2 Clamp characterization

	A.3 Decoupling clamp characterization
	A.3.1 General
	A.3.2 Specification of decoupling clamps
	A.3.3 Impedance
	A.3.4 Decoupling factor 


	Annex B (informative) Selection criteria for the frequency range of application
	Annex C (informative) Guidelines for selecting test levels
	Annex D (informative) Information on coupling and decoupling networks
	D.1 Basic features of the coupling and decoupling networks
	D.2 Examples of coupling and decoupling networks

	Annex E (informative) Information for the test generator specification
	Annex F (informative) Test setup for large EUTs
	F.1 General
	F.2 Test setup for large EUTs

	Annex G (informative) Measurement uncertainty of the voltage test level
	G.1 General
	G.2 General symbols
	G.3 Uncertainty budgets for test methods
	G.3.1 Definition of the measurand
	G.3.2 MU contributors of the measurand
	G.3.3 Input quantities and calculation examples for expanded uncertainty

	G.4 Expression of the calculated measurement uncertainty and its application

	Annex H (informative) Testing with multiple signals
	H.1 General
	H.2 Intermodulation
	H.3 Power requirements
	H.4 Level-setting requirements
	H.5 Linearity check and harmonics checks of the test generator
	H.6 EUT performance criteria with multiple signals

	Annex I (informative) Port-to-port injection
	I.1 General
	I.2 Test setup for injection on identical ports 
	I.2.1 Selection of ports
	I.2.2 Procedure for port-to-port injection


	Annex J (informative) Amplifier compression and non-linearity
	J.1 Objective of limiting amplifier distortion
	J.2 Possible problems caused by harmonics and saturation
	J.3 Limiting the harmonic content in the disturbance signal
	J.4 Effect of linearity characteristic on the immunity test
	J.4.1 General
	J.4.2 Evaluation of the amplifier linearity characteristic 



	Bibliography
	Figures 
	Figure 1 – Diagram showing EM fields near the EUT due to common-mode currents on its cables
	Figure 2 – Schematic setup for immunity test to RF conducted disturbances
	Figure 3 – Example of unmodulated and modulated RF signal
	Figure 4 – Test generator setup
	Figure 5 – Principle of coupling and decoupling – Symbols used for the indicated setup principles
	Figure 6 – Principle of coupling and decoupling – Principle of direct injection to screened cables
	Figure 7 – Principle of coupling and decoupling – Principle of coupling to unscreened cables according to the CDN method
	Figure 8 – Principle of coupling and decoupling – Principle of decoupling
	Figure 9 – Example of circuit for level-setting setup in a 150 Ω test jig
	Figure 10 –Example of circuit for evaluating the transmission lossof the current clamp level-setting
	Figure 11 – Example of the setup geometry to verify the impedance characteristics of the coupling and decoupling devices
	Figure 12 – Setup principle to verify Zce of the coupling and decoupling device
	Figure 13 – Setup principle for measuring the insertion loss of two 150 Ω to 50 Ω adapters
	Figure 14 – Circuit and construction of the 150 Ω to 50 Ω adapter
	Figure 15 – Definition of a common-mode point for unscreened and screened cables
	Figure 16 – Setup for level-setting at the EUT port of the coupling/decoupling devices
	Figure 17 – Example of test setup with a single unit EUT with only one CDN for injection (top view)
	Figure 18 – Example of test setup with a single unit EUT (top view) using multiple CDNs
	Figure 19 – Example of a test setup with a multi-unit EUT (top view)
	Figure 20 – Rules for selecting the injection method
	Figure 21 – Immunity test for two-port EUT (when only one CDN can be used)
	Figure 22 – General principle of a test setup using clamp injection devices
	Figure 23 – Example of the test unit locations on the ground plane when using injection clamps (top view)
	Figure A.1 – Example: Construction details of the EM clamp
	Figure A.2 – Example: Concept of the EM clamp
	Figure A.3 – Dimension of a reference plane
	Figure A.4 – Test jig
	Figure A.5 – Test jig with inserted clamp
	Figure A.6 – Impedance / decoupling factor measurement setup
	Figure A.7 – Typical examples for clamp impedance, three typical clamps
	Figure A.8 – Typical examples for decoupling factors, three typical clamps
	Figure A.9 – Normalization setup for coupling factor measurement
	Figure A.10 – S21 coupling factor measurement setup
	Figure A.11 – Typical examples for coupling factor, three typical clamps
	Figure A.12 – Decoupling clamp characterization measurement setup
	Figure A.13 – Typical examples for the decoupling clamp impedance
	Figure A.14 – Typical examples for decoupling factors
	Figure B.1 – Start frequency as function of cable length and equipment size
	Figure D.1 – Example of a simplified diagram for the circuit of CDN-S1 used with screened cables (see 6.2.2.5)
	Figure D.2 – Example of simplified diagram for the circuit of CDN-M1, CDN-M2 andCDN-M3 used with unscreened supply (mains) lines (see 6.2.2.2)
	Figure D.3 – Example of a simplified diagram for the circuit of CDN-AF2 used with unscreened unbalanced lines (see 6.2.2.4)
	Figure D.4 – Example of a simplified diagram for the circuit of CDN-T2, used with an unscreened balanced pair (see 6.2.2.3)
	Figure D.5 – Example of a simplified diagram of the circuit of CDN-T4 used with unscreened balanced pairs (see 6.2.2.3)
	Figure D.6 – Example of a simplified diagram of the circuit of CDN AF8 used with unscreened unbalanced lines (see 6.2.2.4)
	Figure D.7 – Example of a simplified diagram of the circuit of CDN-T8 used with unscreened balanced pairs (see 6.2.2.3)
	Figure F.1 – Example of large EUT test setup with elevated horizontal reference ground plane
	Figure F.2 – Example of large EUT test setup with vertical reference ground plane
	Figure G.1 – Example of influences upon voltage test level using CDN
	Figure G.2 – Example of influences upon voltage test level using EM clamp
	Figure G.3 – Example of influences upon voltage test level using current clamp
	Figure G.4 – Example of influences upon voltage test level using direct injection
	Figure G.5 – Circuit for level-setting setup of CDN
	Figure H.1 – Test frequencies f1 and f2 and intermodulation frequencies of the second and third order
	Figure I.1 – Example of setup, port-to-port injection
	Figure J.1 – Amplifier linearity measurement setup
	Figure J.2 – Linearity characteristic
	Figure J.3 – Measurement setup for modulation depth
	Figure J.4 – Spectrum of AM modulated signal

	Tables 
	Table 1 – Test levels 
	Table 2 – Characteristics of the test generator 
	Table 3 – Main parameter of the combination of the coupling and decoupling device 
	Table 4 – Usage of CDNs 
	Table B.1 – Main parameter of the combination of the coupling and decoupling device when the frequency range of the test is extended above 80 MHz
	Table E.1 – Required power amplifier output power to obtain a test level of 10 V
	Table G.1 – CDN level-setting process 
	Table G.2 – CDN test process
	Table G.3 – EM clamp level-setting process
	Table G.4 – EM clamp test process
	Table G.5 – Current clamp level-setting process
	Table G.6 – Current clamp test process
	Table G.7 – Direct injection level-setting process
	Table G.8 – Direct injection test process




[image: Description: bloc 40 original light backlight]

IEC 61000-4-6



Edition 5.0 2023-06

REDLINE VERSION

INTERNATIONAL
STANDARD



Electromagnetic compatibility (EMC) – 

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



IEC 61000-4-6:2023-06 RLV(en)

BASIC EMC PUBLICATION



®







			[image: Description: D08643VZ][image: Description: D08643VZ]



	THIS PUBLICATION IS COPYRIGHT PROTECTED

	Copyright © 2023 IEC, Geneva, Switzerland 



All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or your local IEC member National Committee for further information.



IEC Secretariat	Tel.: +41 22 919 02 11

3, rue de Varembé	info@iec.ch

CH-1211 Geneva 20	www.iec.ch

Switzerland







About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes International Standards for all electrical, electronic and related technologies.



About IEC publications 

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the latest edition, a corrigendum or an amendment might have been published.







IEC publications search - webstore.iec.ch/advsearchform

The advanced search enables to find IEC publications by a variety of criteria (reference number, text, technical committee, …). It also gives information on projects, replaced and withdrawn publications.



IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published details all new publications released. Available online and once a month by email. 



IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or need further assistance, please contact the Customer Service Centre: sales@iec.ch.




IEC Products & Services Portal - products.iec.ch

Discover our powerful search engine and read freely all the publications previews. With a subscription you will always have access to up to date content tailored to your needs.



Electropedia - www.electropedia.org

[bookmark: _Hlk57965019]The world's leading online dictionary on electrotechnology, containing more than 22 300 terminological entries in English and French, with equivalent terms in 19 additional languages. Also known as the International Electrotechnical Vocabulary (IEV) online.















®



®	Registered trademark of the International Electrotechnical Commission

BASIC EMC PUBLICATION



ISBN 978-2-8322-0000-0





ICS 33.100.20









INTERNATIONAL
ELECTROTECHNICAL
COMMISSION



Electromagnetic compatibility (EMC) – 

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





INTERNATIONAL
STANDARD

IEC 61000-4-6











Edition 5.0 2023-06

REDLINE VERSION



















































































































   Warning! Make sure that you obtained this publication from an authorized distributor.







image2.png







image3.png







image4.jpeg







image1.jpeg









