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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-6: Testing and measurement techniques —

Immunity to conducted disturbances, induced by radio-frequency fields

1) The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardizatien,co

mprising

all ngtional electrotechnical committees (IEC National Committees). The object of IEC is to promote“intefnational

co-operation on all questions concerning standardization in the electrical and electronic fields. .To this
in addition to other activities, IEC publishes International Standards, Technical Specificationsy Technical
Publ|cly Available Specifications (PAS) and Guides (hereafter referred to as "IEC_Publication(s)'
preppration is entrusted to technical committees; any IEC National Committee interested.in the subject d
may [participate in this preparatory work. International, governmental and non-governmental organization
with [the IEC also participate in this preparation. IEC collaborates closely with the™nternational Organiz
Standardization (ISO) in accordance with conditions determined by agreement bétween the two organiz

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

3) IEC [Publications have the form of recommendations for international use and are accepted by IEC

end and
Reports,
). Their
ealt with
liaising
htion for
htions.

national
from all

National

Committees in that sense. While all reasonable efforts are made\to ensure that the technical content of IEC

Publ|cations is accurate, IEC cannot be held responsible for the way in which they are used or
misipterpretation by any end user.

for any

4) In oyder to promote international uniformity, IEC Nationhal' Committees undertake to apply IEC Pubjications

trangparently to the maximum extent possible in their national and regional publications. Any divergence

between

any |EC Publication and the corresponding nationalof regional publication shall be clearly indicated in the latter.

5) IEC ftself does not provide any attestation of conformity. Independent certification bodies provide cgnformity

sment services and, in some areas, access to IEC marks of conformity. IEC is not responsiblel for any

erts and
mage or

othef damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fdes) and
expenses arising out of the\ publication, use of, or reliance upon, this IEC Publication or any other IEC

IEC 61|000£4+6 has been prepared by subcommittee 77B: High frequency phenomena,
technigal\Committee 77: Electromagnetic compatibility. It is an International Standard.

htions is

f patent

of IEC

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
constitutes a technical revision.

edition

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.

This d
accord
at ww

A list ¢
compa

bcument was drafted in accordance with ISO/IEC Directives, Part 2, and develg
lance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, av
v.iec.ch/members_experts/refdocs. The main document types developed by IH
descrilped in greater detail at www.iec.ch/publications.

{ibility (EMC), can be found on the IEC website.

ped in
ailable
FC are

f all parts in the IEC 61000 series, published under the geperal title Electromagnetic

The committee has decided that the contents of this document will remain unchanged uptil the

stability date indicated on the IEC website under webstere.iec.ch in the data related
specific document. At this date, the document will be

e recpnfirmed,

e withdrawn,

e replaced by a revised edition, or

e am

ended.

to the

that i
of its

IMPORTANT - The "colour inside" logo on the cover page of this document indi

I contains colours which are considered to be useful for the correct understa

contents. Users should therefore print this document using a colour printer.

cates

hding
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INTRODUCTION

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

Part 1:

General

General considerations (introduction, fundamental principles)

Definitions, terminology

Part 2:

Environment

De bliptiUll Uf tiIU UIIV;IUIIIIIUIIt
Cldassification of the environment
Compatibility levels

Part 3:

Emii

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

Part 4:

Mepsurement techniques

Tes
Part 5:

Ins
Mit

Part 6:
Part 9:

Each ¢

or as technical specifieations or technical reports, some of which have already been pu
as sections. Others,will be published with the part number followed by a dash and a
numbefr identifyingsthe subdivision (example: IEC 61000-6-1).

This part is.an*international standard which gives immunity requirements and test proc

related

Limits

ssion limits

Testing and measurement techniques

ting techniques
Installation and mitigation guidelines

allation guidelines

gation methods and devices

Generic standards
Miscellaneous

art is further subdivided into several parts, published either as international sta

torconducted disturbances induced by radio-frequency fields.

roduct

ndards
blished
second

edures
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-6: Testing and measurement techniques -

Immunity to conducted disturbances, induced by radio-frequency fields

NOTE 1
to 230
range uf

Equip
or eart
from th

NOTE 2
induced
conduct
specifie
for quan

The oHb
immun
induce

the immunity of an equipment or systemagainst a specified phenomenon.

NOTE 3

of the IHC. As also stated in Guide 107 (the IEC product committees are responsible for determining whe|

immunit

test levdls and performance criteria.

2 Ngrmative references

The fol
constit
For u
amend

Product committees might decide to use the methods described in this document alsofor freque
Hz (see Annex B) although the methods and test instrumentation are intended to be, used in the fr|
b to 80 MHz.

teal and

juency

hcies up
equency

ent not having at least one conducting wire or cable (such as 'mains supply, sig
h connection) which can couple the equipment to the disturbing RF fields is e
e scope of this document.

Test methods are specified in this part of IEC 61000 to assess theeffect that conducted disturbing
by electromagnetic radiation, have on the equipment concerned. The simulation and measurement
bd disturbances are not adequately exact for the quantitative determination of effects. The test
are structured for the primary objective of establishing adéquate repeatability of results at various
fitative analysis of effects.

ject of this document is to establish a common reference for evaluating the fun
jty of electrical and electronic equipment when subjected to conducted distur
d by RF fields. The test method in thistdocument describes a consistent method to

As described in IEC Guide 107, this’"document is a basic EMC publication for use by product cor]

test standard should be apptied-or not, and if applied, they are responsible for determining the apy

lowing documents are referred to in the text in such a way that some or all of their ¢

dated-references, the latest edition of the referenced document (includin
ents) applies.

al line
cluded

signals,
of these
methods
facilities

ctional
bances
NSSEss

hmittees
her this
ropriate

ontent

Lites requirements of this document. For dated references, only the edition cited applies.

g any

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

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
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3.1

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 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 added.]

3.2
auxiliary equipment
AE
equipment necessary to provide the equipment under test (EUT) with the signals reguired for
normal operation

Note 1 tp entry: Auxiliary equipment can be useful for monitoring the EUT.

3.3
clamplinjection
method of injecting signals onto cables using a clamp injection device

3.4
clamp|injection device
clamp-pn signal injecting device that is either a current eladmp or an electromagnetic clamp

3.4.1
current clamp
transfgrmer, the secondary winding of which.eQHrsists of the cable into which the injegtion is
made

3.4.2
electromagnetic clamp
EM clgmp

injectign device with combined-capacitive and inductive coupling

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

Note 1 to entry: his 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 mepsured as the vectoral sum of all currents flowing through these terminal(s) or screen (see also Figure 15a)
and FigyreA15b)).

3.6
coupling factor

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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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

3.10

test gelnerator

generdtor (RF generator, modulation source, attenuators, broadband power amplifier and
filters)|capable of generating the required test signal

SEE: Figure 4.

3.11

electromotive force

e.m.f.

voltage at the terminals of the ideal voltage source in the representation of an active elgment
3.12

measurement result

Umr

voltage reading of the measurement equipment

3.13

voltagp standing wave ratio

VSWR

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

4 General

The squrce of disturbaneecovered by this document is basically an electromagneti¢ field,
coming from intended RF)transmitters, that can act on the whole length of cables connefted to
installgd equipment, The dimensions of the disturbed equipment, mostly a sub-part of g larger
systen|, are assumed*'to be small compared with the wavelengths of the interfering signat!)s. The
leads gntering and exiting the EUT (e.g. mains, communication lines, interface cables) behave
as passive receiving antenna networks and signal conduction paths for both intentiorjal and

unintenptional,'signals.

Between those cable nefworks, the susceptible equipment IS exposed 1o currents

lowing

"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. 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, simulating those coming from intentional RF transmitters. These disturbing fields (£ and
H) are approximated by the electric and magnetic near-fields resulting from the voltages and
currents caused by the test setup as shown in Figure 1.
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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

100 Q 100 &

Y
N
AN
N
N

O

Usom

i i
I I
| :
50 Q : 50 Q !
U E | I
: I Tegt
I I gemerator
I I
_/ \_ | Uo I
Y :
I I
| 1
Z 4
IEC
Z o Common-mode impedance of the CDN} Z__ = 150 Q
U, Test generator source voltage:(€.m.f.)
Ueom Common-mode voltage between EUT and reference plane
Iom Common-mode current-through the EUT
Jeom Current density oh 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 fthe right

input 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,Aims=D=<0,3m - .
D D RF generator

f <
| 4

A

Test generator

EUT e —
e AE 2
g CDN 2

h 230 mm

B — AE 1
_\_ CDN 1

L Gk

S e e /?’/z’ ////ﬂi’/// A ///////////////K////////////ﬁ

Reference ground plane Insulating sheet or support

Insulating sheet or support 0,1 m 0,05 m insulating support
IEC
a) Schematic setup for immunity test used for CDN
r-=----- - - -~ - -~ -~ -~ -~~~ - - a
: RF generator :
0,ims<D=<03m ! !
D D Test generator |
- [ - ! |
e <> !
2]
1 |
€ [
IS
) - il
@ EUT
AE 1 = L
L CDN 1 , ; L Injection coN1 >
Gty St SElbdddd ': D CIamp

b e e e e i S iy e W
A\ Reference ground plane

Insulating sheet or support 0,1 m£0,05 m insulating support EC
b) Schematic setup for immunity'test used for injection clamp
T: Termination 50 Q
T2: Attenuator (6 dB)
CDN: Coupling andsdecoupling network
Injection| clamp: Current clamp or EM clamp
Insulating sheet or support: A non-conductive coating, foot, roller and/or caster may be used as an alfernative

to ansinsulating support. The height shall be as specified. The height of the irfsulating
sheet or support under a decoupled AE need not be specified

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

5 Test levels

electromagnetic fields coming from intentional RF transmitters in the frequency range 150 kHz
to 80 Mtz

Accorang to* this document, tests are required for induced disturbances cauged by

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
Xxa Special

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

The tept levels are set at the EUT port of the coupling devices (see 6.4)..For testing| of the
equipnpent, this signal is 80 % amplitude modulated with a 1 kHz sine wave to simulate| actual
threatd. The effective amplitude modulation is shown in Figure 3. Annex C provides gulidance
for selg¢cting test levels.

NOTE 1| IEC 61000-4-3 also specifies test methods for establishing the “immunity of electrical and el|ectronic
equipmgnt against radiated electromagnetic energy. It covers frequencies-above 80 MHz. Product commit{ees can
decide tp choose a lower or higher transition frequency than 80 MHz (see*Annex B).

NOTE 2| Product committees can select alternative modulation sechemes.

3 3 ,Umaximum ms
A 1
2 2 Y 4 1§ A —
Urms
A
1 Urms 1 L L AL 1 H—— /
a

UP‘P
o

Up-
o

-2 -2
Y
-3 -3
a) Unmodulated RF signal b) Modulated RF signal 80 % AM
Upp =282V Up—p =909V
Unms = 1,00V Ums =115V

T .
(‘maxmum rms

100 +m)/100=1,8V
IEC

= Uynmodulated rms * (

Figure 3 — Example of unmodulated and modulated RF signal
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6 Test equipment and level adjustment procedure

6.1 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 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
have manual control (e.g. frequency, amplitude, modulation index) or in the case of RF

syrthesizers, they shall be programmable with frequency-dependent step sizes an
timps;
— attgnuator T1, (typically O dB to 40 dB) of adequate frequency rating to control‘the dis

tes

- RF
the

source output level. T1 can be included in the RF generator and is optional;

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

— brojadband power amplifier(s), PA, might be necessary to amplify~the signal if the
power of the RF generator is insufficient;

— low-pass filters (LPFs) or high-pass filters (HPFs), or both, canbe used to avoid interf|

cay

sed by (higher order or sub-) harmonics with someitypes of EUT, for exam

receivers. When required, they shall be inserted between the broadband power ampli

and

the attenuator T2;

i dwell
urbing
suring
output

erence
ple RF
fier PA

— attg¢nuator T2, fixed attenuation (6 dB + 0,5 dB), with sufficient power ratings. T2 is provided

ton
usHg

d.

The chlaracteristics of the test generator arelspecified in Table 2.

Table 2 — Characteristics of the test generator

educe the VSWR at the output of the power-amplifier. Larger attenuation values fay be

Nomindl output 50 Q
impedahce
Harmorjics and Within, 150 kHz and 80 MHz, any spurious signal shall be at least 15 dB below thé¢
distortipn carrier\level, measured directly at the output of the test generator.
Amplityde modulation Internal 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 | |
80 % AM [ = amplifier

G1
PA

RF generator T1 Variable attenuator

Broadband power amplifier T2 Attenuator (see 6.1)

LPF/HPF Low pass filter and/or high pass filter (optional) S1 RF switch

6.2
6.2.1

Coupli
(over t

IEC

Figure 4 — Test generator setup

Coupling and decoupling devices
General

ng and decoupling devices shall be used for appropriate coupling of the disturbing
ne entire frequency range, with a defined common-mode impedance at the EUT j

signal
bort) to

the valious cables connected to the EUT and for preventing applied test signals from affecting

other g

The co
of seve

The pr
and pr
mode i
examp
not av
approp
proper

evices, equipment and systems that are not under test:

upling and decoupling devices can be combined<nto one box (e.g. CDN) or can
ral parts (e.g. current clamp and decoupling clamp).

pferred coupling and decoupling devices ate'the CDNs, for reasons of test reprodd
btection of the AE. The main coupling and decoupling device parameter, the cq
mpedance seen at the EUT port, is specified in Table 3. If CDNs are not applica
e the attenuation of the CDN adversely affects the intentional operation of the E
bilable on the market, other injection methods can be used. Rules for selecti

ies, are unlikely to meet thetparameters 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
[Z4e) 150 Q+20Q 1502%) Q

Neither the argument of Z__ nor the decoupling factor between the EUT port and the

consist

cibility
mmon
ble, for
UT, or
ng the

riate injection method are specified in 7.4. Other injection methods, due to their el¢ctrical

AE naort ara cnacifiod canarataly, Thaoocao footore arao amhodiad in tho rociiramaont thaot

g g N
the tolerance of |Z | shall be met with the AE port open or short-circuited to the
reference ground plane

NOTE 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

1500 16500 adapiter—a-box-with-1400-Q.
g g

ol
g

[a]

(ALY
AN A

EUT CDN AE
IN

01ms=Dy=<03m
D, = 0,3 m where possible

series resistor between IN and OUT port

50 Q signal source

50 Q2 measuring equipment, ezgvoltmeter

10 dB, 50 Q attenuator

Coupling/decoupling network (CDN) with EUT,

IN and-AE ports

Attenuator (see 6.1)

Figure 5 — Principle of coupling and decoupling -
Symbols used for the indicated setup principles

IEC

< 2| D1 >
E U
T
-~ EA 3 EUT
Al
=~ |  |—_—_
Decoupling device ? y 55 CDN [—>
o e e / B IS S S St £ S //////r.’.r.’.r.’.r.’. ..r.’.r.’.r.'..////////// PR
Reference ground plane
0,1 m £0,05 m support 0,1 m £0,05 m support
(12 MO T HA
T M|
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
\E - i ——
) 4
<
Cdec
IE(
Examplqg: 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)
connections,
cables for audio systems
Unscreened balanced lines ISDN lines, CDN-Tx
telephone lines (see Figure D.4, Figure .5,
Figure D.7 andrAnnex H)
Unscreened unbalanced lines Any line not belonging to other CDN-AFx of CDN-Mx
groups (see Figure D)3 and Figure| D.6)
6.2.2.2 CDNs for power supply lines
CDNs pre recommended for all power supply connections. HoWwever, for high-power (gurrent
216 A) or complex supply systems (multi-phase or variouskparallel supply voltages)| other
injectign methods may be selected.
The disturbing signal shall be coupled to the supply‘ines, using type CDN-M1 (singlq wire),
CDN-M2 (two wires) or CDN-M3 (three wires), or equivalent networks (see Annex D). Similar
networks can be specified for a three-phase mains system. The coupling circuit is shpown in
Figure|7.
NOTE [The performance of the CDN can be degraded by saturation of the magnetic material due to current drawn
by the HUT, especially when using CDN-M1. This\ean be avoided if the magnetizing effect of the forward cprrent is
cancelled by that due to the return current.
WARNING — The capacitors used within the CDNs bridge live parts. As a result, high lgakage
curren{s can occur and safety connections from the CDN to the reference ground plane are
mandafory (in some cases, -theése connections might be provided by the construction|of the
CDN).
6.2.2.3 CDNs for unscreened balanced lines
For coppling and<decoupling disturbing signals to an unscreened cable with balanced ljnes, a
CDN-T|2, CDN=T4 or CDN-T8 shall be used as a CDN. Figure D.4, Figure D.5 and Figdre D.7
show these€ possibilities:
— CDN-T2Hfora-cable-with-onre-symmetricalpair—{iwe-wires);
— CDN-T4 for a cable with two symmetrical pairs (four wires);
— 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

needs

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 shall be
used. Figure D.1 is the example for a coaxial cable (S1).

To be able to treat a cable as a screened cable using CDNs for coupling of the disturbing(signal,
the scfeen shall be connected to appropriate ground (e.g. metallic housing) large ground
structufre on a printed circuit board) at both ends of the cable. If this condition is not met, the
cable ghall be treated as an unscreened cable.

6.2.3 Clamp injection devices

6.2.3.1 General

With cllamp injection devices, the coupling and decoupling/functions are separated. Coupling is
provided by the clamp-on device, while the common-mode impedance and the decqupling
functions are established at the AE. As such, the {AE" becomes part of the coupling and
decoupling devices. With clamp injection devices, the)AE is subject to the same injected ¢urrent
as the EUT and therefore needs to be immune to the test level used.

NOTE [The EM clamp provides some decoupling above™0 MHz (see Annex A).

Instructions for proper application are spgecified in 7.6.

6.2.3. Current clamp

This device establishes an indugtive coupling to the cable connected to the EUT.

The cyrrent clamp shali™not induce significant attenuation. The increase of the transmission
loss ofl the test jig whien“inserting the current clamp shall not exceed 1,6 dB. A circuif of the
transmiission loss yé&rification setup is shown in Figure 10.

NOTE 1| The verification of such performance can be done in two steps. During the first step, the current glamp is
omitted,|and thewvoltage is recorded. During the second step, the current clamp is inserted and terminated at|its input
port by @& 50 Q load, and the voltage is measured. The difference between these two measurements is compared to
the 1,6 ¢B.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.
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Test generator

Current injection clamp
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Figure 9 — Example of circuit for level-setting setup in a 150 Q test jig
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Current injection clamp

Measuring

device
i I:] 100 Q
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Test generator
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g — - — -

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
decoupling element to improve decoupling and reproducibility unless this connection would
signifidantly 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.

6.2.5 Decoupling networks

Normally, the decoupling network comprises several inductors to create ahigh impedancge over
the freguency range. This is determined by the ferrite material usedy,and an inductange of at
least 280 pH is required at 150 kHz. The reactance shall remainchigh, = 260 Q up to 44 MHz
and = {150 Q above 24 MHz. The inductance can be achieved{either by having a number of
windings on ferrite toroids (see Figure 8) or by using a numbér of ferrite toroids over the cable
(usually as a clamp-on tube).

NOTE Pecoupling clamps are specified in Clause A.3.

The CIDNs as specified in Annex D can be used as*decoupling networks with the RF ingut port
left unlpaded, unless stated otherwise elsewheré/in this document. When CDNs are used in this
way, they shall meet the requirements of 6.25.The use of CDNs as decoupling deviceqg is the
preferred choice. If CDNs are not applicablejdecoupling clamps as specified in Clause A3 shall
be used.

The ddcoupling networks shall beused on all cables not selected for the test, but connefted to
the EUIT or AEs, or both. For exceptions, see 7.3. Although the preferred choice is to delcouple
each dable individually, more_¢ables may be routed in the same decoupling clamp) if the
dimengion of the clamp allews that.

1=

6.3 Verification of the common-mode impedance at the EUT port of coupling an
Hecoupling.devices

6.3.1 General

Couplingand decoupling devices are characterized by the common-mode impedance geen 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.
6.3.2 —Insertionloss of the 150 Q to 50 Q adapters
When the test generator is set up prior to testing, the test level shall be verified-in,al 150 Q
commqg@n-mode impedance environment. This is achieved by connecting the) apprppriate
commq@n-mode point to a 50 Q measurement device via a 150 Q to 50 Q adapter as shjown in
Figure|14a). The construction of the adapter is shown in Figure 14b).
The adapters shall be placed on a reference ground plane, the size.of which excedds the
projected geometry of this setup on all sides by at least 0,2 m. The (insertion loss is mepsured
accordjng to the principle of Figure 13. Its value shall be in(the range of (9,5 + (,5) dB
(theorgtical value of 9,5 dB caused by the additional series impedance when measurgd in a
50 Q dystem). Attenuators with suitable VSWR (suggested® VSWR < 1,2) at the inputs of
receivers and outputs of generators are recommended.
Dimensions in meters
, . =<0,03 _,
| |
Impedance ! ! Input port
plane Reference ’
point for L 17777~ Metallic:
Zgeo d \\\ 4
// \ /
/ \ 5
1 \ 5
- ! Coupling and \ ’
Coaxial B ' decoupling network | 4
connector :D:h\ ,’q[ﬂ:j AE port
L] \ // LA
AN ’ 5
- >0,2 - = N ,/’/ ’A >0,2 !
M L S~ __ - .“ L
| I
X ! ) A 1
X Insulating material / |
. I F T T T IS ST IS e |
|l il ST E T EEEEEEEEEEEEEEEEEEEErrr, TS Fri
IEC
— The |reference ground plane shall exceed the projection of the coupling and decoupling devices apd other
components by at least 0,2 m.
— The coaxial connector shall be connected norizontally 10 the EUT port.

— 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 # = 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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bdance requirement shall be met with the open and closed switch S (see 6.3).

Flgure 12 — Setup principle to verify Z_, of the coupling and decoupling|devig

2

2
100Q 100 Q
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0 2 N e e A N A N2 ) I NG

[ 1
N 1
Umr
IEC
Inseftion loss = U, (switches position 2) — U (switchés position 1)
dB dB(pV) dB(upV)
Figure 13 — Setup principle for measuring the insertion loss
of two.150 Q to 50 Q adapters
Dimensions in millimetres
A
o
w
..... 100 ©Q
N or BNC
type connectorG _____ ( ) 1
100 ©Q
o LTt ] y
>
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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6.4

6.4.1

Setting of the test generator

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

The teg

of the
to 50 () adapter to a measuring equipment having a 50 Q input impedance. The AE por
couplirjg device shall be loaded in common mode with a 150 Q to 50 Q adapter, terminat
50 Q. The setup is shown in Figure 16 for all coupling and decoupling devices.

NOTE
AE port.| These devices are calibrated by using a test jig as shown in Figure 9.

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

coupling device shall be connected in common mode (see Figure 15) through-the

[l With clamp injection, current clamps are generally bi-directional and hence do\not have an EUT

Using the above-mentioned setup and the following measurementprocedure, the test ge
shall bp adjusted to yield the following reading on the measuring’equipment.

Procedure to be followed for each coupling device starting,atthe lowest frequency:

a) Apply a forward power (without modulation) to_ the "‘coupling device so that the
obtpined equals U, at the output port of the 150.Q to 50 Q adapter.

b)

Re
vol

age U, at the output port of the 150 (to 50 Q adapter.

Incfease the frequency by a maximum<f 1 % of the present frequency.

Re
fre

inc

The la
applyirjg the following procedure:

1)

2)

De

Tuency (for example 80 MHgz)"in the range of the test. The stop frequency s
uded.

during the leyelssetting process at each frequency step.

Fo
i)
i)
iii)

il each frequency, repeat the following steps:

set the output level of the power amplifier to P, pax;

poratory shall ensure that the amplifier is not saturated. This should be demonstra

ermine, across-all used coupling devices, the highest forward power P, max 4

T port
150 Q
of the
ed with

port and

herator

oltage

tord the level of the forward power at the output of the power amplifier P, and the

peat steps a) and b) until the next frequency in the sequence exceeds the highest

hall be

ted by

quired

increase the control level of the RE qignal generator hy 51dR-

record the new forward power P, ax. inc

iv) if the difference Piormax 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 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]

Umr =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 terminatefd by the
50 Q mdasuring equipment.

The control parameters of the test generator setting shall be recorded and used for test|ng.

It is intended that the test generator setting process should be carried out atléast annudlly and
when gignificant changes are made to the test generator or its relevant eqUipment (RF generator,
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

/ ® Common-mode point

EUT port

IEC

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

Figl1re 16~ Definition of a common-mode point for unscreened and screened carales
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generator

Dimensions in millimetres

A
A

-/

) =30
150 Q to 50 ©

IN adapter /_6
AE EUT [ I /\

Umr

150 Q device

U

100 Q
Test 'ﬁ/
a) . Coupling/decoupling

A A ERF A A e e ERF A A e e ////\///////////////1///// EAE A A I T A S A T R N

Couplin

— CDNE;

— dire

\ / Reference groun
Common mode point(s)

/decoupling devices:

dt injection network (with decoupling);

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

a) The

150 Q loading, for example a 150 Q to 50 Q adapter terminated with a §0)Q load at the AE port, s

be applied to unscreened cables (screened cables have their screens conaected to the reference grou
at thp AE side).

Figu

fe 16 — Setup for level-setting at the EUT port ofithe coupling/decoupling de

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 heighf
a referpnce ground plane. A non-conductive roller/caster in the range of 0,1 m + 0,05 m
the reference ground plane can be used as an alternative to an insulating support. All
exiting[the EUT shall be supported-at a height of at least 30 mm above the reference

plane.

If the gquipment is designed to be mounted in a panel, rack or cabinet, then it shall be

in this

Groun

configuration.

ding 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 bg

0,1m
be me

il plane

IEC

hall only
hd plane

vices

above
above
cables
ground

tested

btween
te is to

nd, 0,3 m from the EUT (this distance is denoted D in this document). This distan
Isured 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. 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
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

20,52

AO,1 msD=<03 m

CDN-M1/AH P

=|:O :2;

0,5 @

NN\
1
Y
;

EUT

N
o}
[}
z

Insulating support

Reference ground plane

T Termination 50 Q

RF generator T2

Test generator

Lol sty | o

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

b The ICDN 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 FUT comprising a single unit

The EUT shall*be placed on an insulating support 0,1 m above the reference ground plare. The
refererjce’ground plane may be placed on a table (see Figure 18).

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 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
necessary for ensuring any data transfer and assessment of the functions, shall be connected

to the E tested
can be]limited; however, at least one of each physical type port shall be submitted tofinjection.
Dimensions in metres
A
i 01msD<03m
A - L
CDN-
pho  [F——>
< bo52 CDN """" Tl

Insulating support

Reference ground plane

T Termination 50 Q

RF generator

—
N

Test generator

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

IEC

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


https://iecnorm.com/api/?name=061ebd505bcf06b805b75fb54b5295db

7.3

— 30 -

EUT comprising several units
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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

bei

making
also bg
of 7.4 1

The E\
0,5 m.

hg regarded as Internal cables of the system. See Figure 19.

IANNNNNANNN

The unlits being part of such an EUT shall be placed as close as possible to each-other without
contact, all on the insulating support. The interconnecting cables of these uniblz shall
placed on the insulating support. All other cables shall be tested accerding to the rules

o7.7.
T clearance from any metallic obstacles other than the test equipment shall be at least
Dimensions in metres
“1

’LCDN-MX
0 R wieaiaii v \. < daii ittt
o T2 1 |
A : T 1 T2 1
o L__1 1
B _ !
2z2Z--""7 !
o 0,1m=D=<03m :
LTA - > !
0,1m=<Ds0,3m |
A :
1
\J '
I :
1
EUTM EuT2 || con !
1
05 (ex*PC) (ex. monitor) \_[ ©) ]—> '
=0, ¢ || s 1
- {1 ¥\ /=== ~ L | 1
CDN- R L H
| i 1
o [ :
1
p—* T .
1
510 Q ‘\_____j:|____;=T=2=|r _____ !
1
Q :I——| |—|::|‘\ CDN- LoZd !

Insulating support Artificial hand i’
h=0,1m=0,05m Reference ground plane
T Termination 50 Q
T2 Attenuator (see 6.1)
RF generator
IEC

a

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)

Only one of the CDNs not used for injection shall be terminated with 50 Q, providing only one return path. All
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7.4

Rules for selecting injection methods and test points

7.4.1

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.

C

d

Selecting
injection method

Are CDNs
applicable? ©

Yes No

Use CDN injection
752

Yes b
Screened cable?

Is EM clamp
injection applicablg? @

Usk EM ol iniection 7.6 Use direct injection 7.7 Use EM clamp or currept
se clamp injection 7. or current clamp injection 7.6 clamp injection 7.6
IEC
See [Table 4.
See p.2.3.
See p.2.1(
“Applicable” 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 or 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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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
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
conneited and used for injection on each of such ports in turn. The CDN used for injegtion of

the tegt signal can be moved between different ports as they are tested. Whenca-CDN is
removed from a port, it may be replaced by a decoupling network.

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

7.5 DN injection application
When using the CDN injection, the following measures shall be taken.

a) If the AE is directly connected to the EUT (e.g. no de€oupling on the connection b¢tween
them as shown in Figure 21a)) then it is to be placed)on’an insulating support 0,1 m + 0,05 m
abgve the reference ground plane and groundedivia a terminated CDN.

If the EUT has multiple AEs directly connected*to it, only one AE shall be terminated|in this
mahner. Other directly connected AEs shalFhave all other connections decoupled. This
engures that there is only one loop termjnated with 150 Q at each end.

b) If the AE is connected to the EUT vial@ CDN, then its arrangement is not generally [critical
and it can be connected to the reference ground plane in accordance with the AR’s and
EU[’s installation requirements,

c) Ong CDN shall be connected-to the port intended to be tested and one CDN with 50 Q
termination shall be connécted to another port. Decoupling networks shall be installed on
all pther ports to which cables are attached. In this manner there is only one loop terminated
with 150 Q at each end:

d) The¢ CDN to be tefminated shall be chosen according to the following priority:
1) [CDN-M1 used for connection of the earth terminal;
2) [CDN-M8,)CDN-M4, or CDN-M5 used for mains (class | equipment);

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

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

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

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

e) 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 path for
the test signal.
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f)

g)

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.

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
connected between EUT and AE, as mentioned above.

If in adtual installations the supply wires are individually routed, separate CDN-M1 CBNs shall

be used. All input ports shall be treated separately.

If the EUT is provided with functional earth terminals (e.g. for RF purposes @b high l¢akage

currents), they shall be connected to the reference ground plane:

throgugh the CDN-M1 when the characteristics or specification of the’ EUT permit. |In this
cage, the (power) supply shall be provided through an appropriate. EDN-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 thi§ would
sighificantly deviate from the intended installation in practice), the earth terminal shall be
dirgctly connected to the reference ground plane. In this case the CDN-M3 network shall be
replaced by a CDN-M2 network to prevent an RE ‘short-circuit by the protectivg earth
corjductor. When the equipment was already supplied via CDN-M1 or CDN-M2 nefworks,
thege shall remain in operation;

for|a three-phase supply, a similar adjustment shall be done regarding the use|l of an
appropriate CDN-Mx type network.
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RF generator

Test generator

Interface EUT
cable v
§§ HE o CDN1 |—>

D  01msD<03m D

Y
A
y

30 mm

2

h

Reference ground plane 0\

Dy D,
> Interface cable >
T €
Lr‘ 2 EUT
Q 1
~<—|CDN 2 EM clamp e CDN1 [—>

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

Reference ground plane

A ////////////ﬁ///// e T e Sl

T2:

CDN: Coupling and decoupling network

7.6

0,1 m £0,05 m insulating support 0}4m £0,05 m insulating support
IEC

b) Example: schematic setup when AE 'shows errors during the test
Termination 50 Q

Attenuator (see 6.1)

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

Clamp injection application

When pusing clamp injection, each AE shall represent the functional installation conditipns as

closely| as possible. The following measures shall be taken:

Ea¢h AE used with clamp injection shall be placed on an insulating support 0,1 m + 0,05 m
abgve 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 excgpt the
caljle’under test.

All cables connected to each AE, other than those being connected to the EUT, shall be
provided with decoupling networks, see 6.2.5. 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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— 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 setup
representing the actual use.

— The¢ induced voltage is set in the same way as specified in 6.4.2.

— By |means of a current monitoring probe inserted between the injection clamp andthg EUT,
the|current (without modulation) resulting from the induced voltage (set according tq 6.4.1)
car|] be monitored. This probe should be kept in close proximity to the injectionh clamp. If the

curfent is monitored and exceeds the nominal circuit value /., given*below, tle test

generator level may be reduced until the measured current is equal to\the /,,, valug given

belpw. If the test generator level is reduced, then this reduced levekshall be recorded in the
test report. In case of dispute, the test method limiting the ‘current to I,,, will take

precedence.

Inmax = Ug/150 Q

— During a test, a ground connection shall be made from the earth bar of the EM clamp to the
refeérence 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 enslure reproducibility, the test setup shall*be fully described in the test report.

i RF generator
1
1

1

1

! 01m=Dy<0,3m
Test'generator !

1

1

1

1

A
Y
/
A

AEH % EUT
il : ]
<« coN2 i Y| Clamp injection "I?j T CDN 1 —»
: device ® '~

o ////ﬁ/////ﬁ///i"///// S R A A A A A S i

ST, T3
Refererjce ground'plane

Monitoring probe 0,1 m £ 0,05 m insulating sypport
. ) if needed ) .
0,1 m £ 0,05 m insulating support - Short earthing strap if needed
Measuring
eauinmaent
eHp IEC

T: Termination 50 Q
T2: 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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T2:
CDN: Coupling and decoupling network

7.7

When using direct injection to streened cables, the following measures shall be taken.

8
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Dimensions in metres

-1
Pk 0,im=D<03m Reference ground plane
Al ¢
\ CDN-T2
o AE 2 =
CDN-Mx
IA 205 | EUT Q ———>
Insulating support
50 0 h 0,1 m=0,05m
] CDN-MX
; Clamp injection
Insulating support . — AE 1 — >
70,1 m 0,05 m device T
ke il L' T
] . 50 —l
Monitoring probe if needed Era‘:\ Attenuatop{see’6.1) 2

Measuring
equipment

!
| RF generator |:
1)
|
|

Test generator.
_________________ IEC

Termination 50 Q

Attenuator (see 6.1)

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

Direct injection application

The EUT shall be placed on an insulating support of 0,1 m height above the reference
grojund plane.

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 thenEUT shall be loaded with 150 Q (see 7.5 and Figure 6 for details). On al|l other
caljles @attached to the EUT decoupling networks shall be installed. When left open, j|a CDN
is donsidered a decoupling network. See also 6.2.5.

The injection point shall be located between 0,1 m and 0,3 m from the geometric projection
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).

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-)
harmonics from disturbing the EUT. The band-stop characteristics of the LPF shall be sufficient
to suppress the harmonics so that fhny do not affect the results_These filters shall he inserted

after the test generator before setting the test level (see 6.1 and 6.4.1).

The frgquency range is swept from 150 kHz to 80 MHz, using the signal levels (forward power)
established during the setting process, and with the disturbance signal 80 % ampplitude
modulated with a 1 kHz sine wave, pausing to adjust the RF signal level or.to’change coupling
devicep as necessary. Where the frequency is swept incrementally, the step size shall not
exceed 1 % of the preceding frequency value. The dwell time of the amplitude modulated|carrier
at eachy frequency shall not be less than the time necessary for the EUT to be exercised|and to
respoer, 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 changg,‘the strength of the signal can be decfeased a
few dB Qelow the test level.

Attempts shall be made to fully exercise the EUF during testing, and to fully interrodate all
exercige modes selected for testing.

The usle of a special exercising program is;fecommended.
Testing shall be performed according‘io a test plan.

It can be necessary to carry out:some investigatory testing in order to establish some gspects
of the {est plan.

In ordgr to reduce test-time, more than one frequency may be applied simultaneously (multiple
signal festing) during‘a’/single dwell time, provided the linearity requirements of 6.4.2 4re met
on the|aggregate-sighal. At each of the signal frequencies, the test levels shall be thg ones
resulting from the. level-setting procedure for testing with one frequency at a time. The same
modulation ishapplied simultaneously to each signal. Intermodulation signals shall be freated
like harmohiecs and checked to ensure they are not causing a significant effect (see Apnex H
regard[ng{modulation effects and Clause 9 regarding the evaluation of the test resulf). The
phase fthremodutation bigllai dwillg AMmodutatiomrstattbedenticat-foratsimuttamedus test
frequencies.

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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The recommended classification is as follows:

a) nor

mal performance within limits specified in the accompanying documents;

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
intervention;

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

d) loss of function or degradation of performance which is not recoverable, owing to damage
to hardware or software, or loss of data.

The E
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by a single test signal and was not caused by the combination of tmdltiple test
of dispute the single signal test takes precedence.

st report

5t report shall contain all the information necessary téreproduce the test. In par
owing shall be recorded:

htification of the EUT and any associated equipment, for example brand name,
b, serial number, software, etc.;

size of the EUT;

resentative operating conditions of the EUT;

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

types of interconnecting cables; including their length, and the interface port of t
vhich they were connected;

specific conditions for(se, for example cable length or type, shielding or ground
I operating conditions, which are required to achieve compliance;

recovery time of AR€'EUT if necessary;
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wareseic.;
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coupling and decoupling devices used on each cable;

— a description of the EUT exercising method;
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frequency range of application of the test;

rate of sweep frequency, dwell time and frequency steps;

test level set;

number of tones and grouping used (if applicable);
performance level specified by the accompanying documents;

performance criteria that have been applied;

— any effects on the EUT observed during or after application of the test disturbance and the

dur
— the

ation for which these effects persist;
rationale for the pass/fail decision.
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A1

A.1

A

Annex A
(normative)

EM and decoupling clamps

EM clamps

General

Annex A deals with the requirements of EM clamps. The EM clamp (in contrast to the

cha

dec

be fou
in Clau

A.1

EM clamps are used for injection into cables. The requirements are!

NOTE

othe

rac
ouy

.2

opé
len
hei
cla
cla

r ph

ction and concept of the EM clamp are shown in Figure A.1 and Figure A:2.0]
teristics of impedance can be found in Figure A.7. Typical characteristics
ling factor can be found in Figure A.8. Typical characteristics of the coupling fac
nd in Figure A.11. These characteristics were measured using the procedure des
se A.2.

Specification of EM clamps

rating frequency range: 0,15 MHz to 80 MHz;

gth: 650 mm + 50 mm;

hht of clamp opening centre above ground plane: 50 mm to 70 mm;
mp opening diameter: 20 mm £ 2 mm;

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

The electrical characteristics shown in Figure“A.7, Figure A.8 and Figure A.11 can also be achiev
sical dimensions (e.g. to test larger diamgter cables).

The
l'ypical
of the
or can
cribed

bd using
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Dimensions in millimetres

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

B 3C11 (26%) ., 4C65(5x) _, | 4C65(5x) _
v 1 1\ 6 £ 6 i 1 \ 2\ v
5 —> VAV 2 VAV, S 35
13 H AR KRR A B 1 [ AR A AR RO A (4 AR AR | AR AR RO AR AR L N AR AROR ARG 98 AN G K 13
N ) ) N | \
\ J =l il = ® \i Y

10

|
== N A G 8 SR PSR S G RESR NN Y GER RESR IR \ e e}
BN O e
= N

\ NIN USSR
] 7 B> Z

12 4 3

635

j'f

Y

700

Lower part (top view)

Components
1 Herrite ring cores & 36 mm % & 23 mm x 15 mm
10 rings, NiZn, p ~ 100
26 rings, MnZn, y (= 4-300
Yemi-cylinder of copper foil glued to the groove
3 Lower conductor'plate
Harth bar
5/6 Devices for pressing the cable under test into the groove
Harts _from insulating material with pressure springs (not shown)
7 errite tube, 4C65
8 Coaxial cable, 50 Q with BNC 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

Series impedance: C,: 20 pF to 100 pF, L;: 0,15 pH, R;: 50 Q /12 W
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
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: Zae : ZZ Z1 :Zeut :
I ! I !
| ! | !
I ! | !
! | <> ! |
| l ! i
/
a 7
L R !
2 2 Gy N !
50 Q )
% IEC
Components
1 Ferrite tube (clamp) length 0,6 m, @ 20 mm, consisting of 10 rings, 4C65 (i 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,, Z, |Built-in to optimize the frequency response and directivity

1 Test generator

Principlg of the EM clamp:
— magnetic coupling by the ferrite tube (item 1);

— elecfric coupling by close proximity between EU1)cable and copper foil (item 2).

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

A.2 |EM clamp characterization

A.2.1 Specification-of.the clamp test jig

A test|jig used for measuring the S-parameters of clamps shall have a cylindrical metal rod
above @ metal plate’(reference ground plane) as shown in Figure A.4 and Figure A.5. The test
jig congists of three sections: one section forming a transmission line in the jig between the two
refererlce planes, and two reference planes with lossless 50 Q adapters, see Figufe A.3,
Figure|A.4'and Figure A.5. For the characterization of the EM clamp, a single metal rod i$ used.
The length-of the metal rod (L + Lg * Ligference) IS S€t to allow the dimensions of Figurg A.5 to

be satisfied.

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

Metallic plane
(e.g. copper)
S 4 mm N connector
- metal rod
= N - - . l
< 10 ? 100 .

I1EQ

-~ | LReference |
|

{— <P

i
A
A
v

IEC

Figure A.4 — Test)ig

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

Reference ground plane

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

EC
Figure A.5 — Test jig with inserted clamp

A.2.2 Clamp‘characterization

A.2.2.1 Impedance

A.2.2.1.1 Measurement setup

The test jig as specified in A.2.1 shall be 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, 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
- | P — ——]
L Injection connector i
| e i |
[ | wiy
a EM clamp <! ]]

Reference ground plane

IEC

Figure A.6 — Impedance / decoupling factor measurement setup

A.2.2. 12— Transformation

The S+

are meg

typical
ground

Z.of Can be obtained using the following formulae:

NOTE All calculations are performed with complex numbers.

Based

Zne =500

A=

(1+ S19)(1= So0 )t S42524

parameters obtained from the network analyzer measurement as describedqin A.R.2.1.1

asured in a 50 Q system. However, the characteristic impedance Zr'ef of the tegt jig is

y different from 50 Q. It is determined by the height of the clamp opgning abdve the
plane. Using 4BCD transformation, a set of transformed parameters’independent from

(A.1)

2S21

(14 Sg)T+ Spp) — 842894 7
ref

(A.2)

2S21

1= 8, )(1=Syp) -
o= (1-511)(1- 52) 512521/Zref

(A.3)

2S21

D=

(1=811)(1+ Sp0) + S12S91

(A.4)

2S21

(A.5)

Z' .5 Of the test jig can be calculated.

4l FESWSE N 4 — & 1 ! 4l 1 4 - s :
Ul e ADC LD PdidITICIClS a4 STL UT o=paldilicltls UdsTU UIT UTC LldlaClTlistiv ||||pcdance

Zpet =60 Qxcosh™’ (Zd—hj (A.6)

where

d
h

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

is the height of the centre of the jig conductor above the ground plane.
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B =B/ Z
ClZC'Zref
. A+B-C-D
Sy = -
A+B +C +D
. 2(AD—BC)
Spp=—————
A+B +C +D
' 2
Sp1=—————
A+B +C +D
' ~A+B -C +D
522 =
A+B +C +D
A.2.2.1.3 Impedance calculation
The input impedance is given by
' 1+S;1
Zin = Zref

Figure

A.7 gives typical examples of the impedance curve for three different EM clamps|

(A.7)

(A.8)

(A.9)

(A.10)

(A.11)

(A.12)

(A.13)
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Figure A.7 — Typical examples for clamp impedance,three typical clamps

ance.

A.2.2.2 Decoupling factor between EUT and"AE

The m

A.2.2.1.2. The decoupling factor is calculatéd by

Figure

a (dB)

-12
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-16

-18
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-10

a[dB] = 200gso (| S

EM clamp - decoupling factor (TOSM / ABCD transformation)
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The impedance measured according to this procedure is valid for the case where the far end of thg device
ated by Z .. This value can be different when using the clamp*in immunity test setups due to the|real AE

pasurement setup and the transformation shall be applied as described in A.2.2.1.1 and

(A.14)

A.8 gives typical(examples of the decoupling factor curve for three different EM gdamps.

Vi
Ui

// 1

N
’y /

-6

e

Frequency (MHz)

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

100
IEC
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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
(S21)

VNA port 2

(S21)

Lo

1009'1

-
10dB h‘J

VNA port 1
(S21)

VNA pqrt 2
($21

Reference ground plane

Injection connector

Figure A.9 — Normalization setup for coupling factor méasurement

|—->|]I 1048 [ 1000

Figure|A.11 gives typical’examples of the coupling factor curve for three different EM cl

EM clamp

L Ig
: 502
! termination
[
W ¢
Wy 100 Q |ﬂ 500

Reference ground plane

Figure A.10- S, coupling factor measurement setup

IEC

hmps.
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EM clamp - coupling factor

5_
L1
e
0
L l/
—
-5
0
5 |
0,1 1 10 100
Frequency (MHz) Ec
Figure A.11 — Typical examples for coupling factor, three typical clamps
Decoupling clamp characterization
General
bling clamps are used for decoupling. Typical characteristics of impedance can be found
in Figdre A.13. Typical characteristics of the decoupling factor can be found in Figur¢ A.14.
characteristics were measured using the procedures described in A.3.3 and A.3.4.
Specification of decoupling clamps
uirements are:
— opgrating frequency_ range: 0,15 MHz to 80 MHz;
— degoupling > 5 dBlin the frequency range above 1 MHz (measured in ABCD transformation,

cor

— hei

Fesponds to.>\14 dB measured in a 50 Q system);
ght 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.
A.3.3 Impedance
A.3.3.1 Measurement setup

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.
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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 trgnsformation as described in A.2.2.1.2 shall be applied. The input impedance is given by

' 1+S;1
Zin = Zgt ——— (A.15)
-S4

|Z] (TOSM - ABCD transformation)

2]000

11800

11600

11400 7 S

1]1200

000

1Z] (&)

A
7

800

600 _

400 _ — Su

00 — e

0,1 1 10 100
Frequency (MHz)

— ——Decoupling clamp -—-—-CMAD EC

Figure A.13 — Typical examples for the decoupling clamp impedance

NOTE The impedance measured according to this procedure is valid for the case where the far end of the device
is terminated by Z . This value can be different when using the clamp in immunity test setups due to the real 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).

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 is therefore less suitable for the lower frequency range indicated in this document.
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Decoupling factor (TOSM / ABCD transformation)
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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
For example, a small battery-powered equipment with total dimensions less than 0,4

tested.
m and

without any metallic cable(s) connected thereto, does not need to be tested below 80 MHz

because it is unlikely that the induced RF energy resulting from the disturbing EM field wil

| upset

the deyice.

In gengral, the stop frequency will be 80 MHz. In some cases, where small sized equipment is

considered (dimension < A/10), dedicated product standards may specifycthat th

e stop

frequency is extended up to a maximum of 230 MHz. The coupling and decoupling deVices in

this calse shall then meet the parameter of common-mode impedance seéen at the EU
specified in Table B.1. When using this test method up to higher fregquencies, resu
influenced by the size of equipment, the type(s) of interconnecting. cables used, a
availahjility of special CDNs, etc. Further guidance for proper application should be supj
the deglicated product standards.

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

T port
Its are
d the
blied in

deqoupling device when the frequency range of the'test is extended above 80 NHz

Frequency band

Parampter 0,15 MHz to 24 MHz 24 MHz to 80 MHz 80 MHz to 230 Hz
1z, 150 Q + 20 Q 150789 Q 150 Q + 60 (]

Neithef the argument of Z . nor the decoupling.factor between the EUT port and the AE port are sp
separafely. These factors shall be met with the AE port open or short-circuited to the reference ground plg

ecified
ne.

If a product committee decides’to use CDNs for frequencies between 9 kHz and 150 k
specification for the impedance for the frequency range 0,15 MHz to 24 MHz shall also
in the frequency range ffom 9 kHz to 150 kHz.

The sfart frequeney."depends on whether the equipment including its connected ca
capable of receiving a large amount of RF energy from the disturbing EM field.

Three fifferent situations are considered.

Hz the
be met

bles is

1400 1
I

a) Battery=poweredequipment{dinmensiom<7i/

U) whichtas o bUIIIIthiUII(b) togroumd nor to

any other equipment and which is not used during battery charging, does not need 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 = A/10), its size, including the maximum
of the cables connected, determines the start frequency, as shown in Figure B.1.

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

length

ipment

The power supply is provided via a coupling and decoupling device and the equipment is

loaded by an artificial hand. The start frequency is 150 kHz.

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

I/0O or telecommunication cables to other insulated or non-insulated equipment.
The start frequency is 150 kHz.
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Jstart = 0L
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1™ ™
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100 k
0,1 1 10 100 1000
Extension L (m) IEC

¢y = 3x 108 m/s

L = cpble length + equipment size

The follqwing is a list of examples:

— For g cable only connected to a keyboard (extended dimension = 1/10) powered from a battery-operated
computer, with a coiled cable having a length of 4 m,(Cthe start frequency should be 6,67 MHz. The K
should be covered by the artificial hand. For a mouse* having just 2 m of cable, the start frequency v
15 MHz, etc.

— A pogket calculator with an AC/DC adapter option) should be tested on the mains side of the adapter from

upwg

A h3
from

A dd
insul
be t{g

A bu
cabl

rds. The pocket calculator should be covered by the artificial hand.

nd-held battery-supplied multimeter which can have connections to ground should be tested on it
150 kHz upwards. The multimeterishould be covered by the artificial hand.

uble insulated (mains) compact disc player which can be connected to an audio receiver, conn
Aated loudspeaker boxes, but also having an antenna input terminal which can be connected to groun
sted on both mains supply and audio cable(s) from 150 kHz upwards.

rglar alarm having various insulated sensors distributed through a building, of which the maximum |
b may extend 200 'm (EUT's specification) should be tested on these cables from 150 kHz upwards.

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

personal
eyboard
ould be

150 kHz

5 cables

bcted to
H should

ength of
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Annex C
(informative)

Guidelines for selecting test levels

The test levels should be selected in accordance with the electromagnetic radiation
environment to which the EUT and cables 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.

If the
a calcylation of field strengths likely to be encountered. If the powers of the sources
knownl|it can be possible to measure the actual field strength at the location(s) coneern

For equipment intended for operation in a variety of locations, the following guidelines can be
followdd in selecting the test level to be used.

The following classes are related to the levels listed in Clause 5; they are-considered as general
guidelipes for the selection of the appropriate levels:

Clpss 1: Low-level electromagnetic radiation environmenis Typical level where| radio/
television stations are located at a distance offmore than 1 km and typical level
for low-power transceivers.

Clpss 2: Moderate electromagnetic radiationy\environment. Low-power pprtable
transceivers (typically less than 1 W.rating) are in use, but with restrictipns on
use in close proximity to the equipment. A typical commercial environment.

Clpss 3: Severe electromagnetic radiationénvironment. Portable transceivers (2|W and
more) are in use relatively close-to the equipment but at a distance not legs than
1 m. High-powered broadcast transmitters are in close proximity [fo the
equipment and ISM equipment can be located close by. A typical industrial
environment.

Clpss X: X is an open levelwhich can be negotiated and specified in the dedicated
equipment spegcifications or equipment standards.

The test levels described are typical values which are rarely exceeded in the locations degcribed.
At sonpe locations theseyvalues are exceeded, for example in the proximity of highfpower
transmfitters or ISM equipment located in the same building. In such cases, it can be preferable
to shiglld the room_or -building, and filter the signal and power wires to the equipment,| rather
than specifying all-equipment to be immune to such levels.



https://iecnorm.com/api/?name=061ebd505bcf06b805b75fb54b5295db

IEC 61000-4-6:2023 © IEC 2023 - 53 -

Annex D
(informative)

Information on coupling and decoupling networks

D.1 Basic features of the coupling and decoupling networks

The CDN should provide:

— coupling of the disturbing signal to the EUT;

— staple impedance, seen from the EUT, independent of the AE common-mode imped
— degoupling of the AE from the disturbing signal to prevent interference of the AE;
— trapsparency to the wanted signal.

ANce;

The refiuired parameters for the CDNs in the frequency range 150 kHz to 80-MHz are specified

in 6.2.1 and examples are given in Clause D.2.

In Figdre D.1 to Figure D.7, the common-mode impedance, Z, /s fermed by the sum

interngl resistance of the test generator (50 Q) and the parallél combination of the r¢g
from the conductors of the cable under test (100 Q). With the use of a suitable ir
L (loL| >> 150 Q), the decoupling elements, C,, should net iAfluence 7.

The cgntre of the EUT port on the CDN should be located 30 mm above the reference
plane. [The cable between the CDN and the EUT can*then represent a transmission ling]
characteristic impedance of about 150 Q if located 30 mm above the reference ground {

The impedance of capacitors Cy, providing.DC and LF separation of the test generator §
individpal wires of the CDN, should be much less than 150 Q in the frequency range of ir

The Al is decoupled by a comman-mode inductor L, and by the capacitors C, for unsc
cables|or by a common-modeinductor L only. For screened cables, the capacitors C,
needed as the screen will be connected to the reference ground plane at the AE side.

It is essential for unsereened cable that the value of C, is chosen such that the wanted

is not unduly affected. It is not permissible for CDN parameters to be unduly affected
wanted signal, fanexample in CDN-M1, saturation of the ferrite(s).

WARNING~Since C; and C, bridge live parts in the mains CDNs, suitable Y capacitof

of the

sistors
ductor

ground
with a
lane.

nd the
terest.

reened

are not

signal
by the

s shall
hall be

plane shall be appropriately connected to the protective earth.

D.2 Examples of coupling and decoupling networks

ground

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

AE port ;

EUT port

Jd»
B
S

ﬂ'
Il

0
UH at 150 kHz

PE
AE port N
L

IN port

Figure D.1 — Example of a simplified diagram for the(cjrcuit of CDN-S1
used with screened cables (see 6.2:2:5)

IEC

—

°
2228
°
~Y Y
°
= YN
_T___(‘ L
T

EUT port

, C, (typical) = 10 nF, C, (typical) = 47 nF, R = 300 Q, L = 280 pH at 150 kHz
» C4 (typical) = 10 nF, C, (typical) = 47 nF, R =200 Q, L 2 280 pH at 150 kHz

. Gy (typical) = 22 nF, C, (typical) =47 nF, R =100 Q, £ > 280 yH at 150 kHz

IEC

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)
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IN port

AE port EUT port

,_"
IEC

C, (typiqal) = 10 nF
C, (typiqal) = 47 nF
R=2001Q

L 2 280 pH at 150 kHz

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

IN port

L]
t—of
°. L, D
R
r'v'v'vﬂ. > - C1 I

AE port EUT port

,—0
IEC

C, (typicaty =16t
C, (typical) = 47 nF, R = 200 Q
L, 2280 pH at 150 kHz

L, =Ls;=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

AE port o EUT port

l—(l ®

IEC

C (typicgl) = 5,6 nF
R =4001Q
L, > 28p pH at 150 kHz

L,=6mH

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

IN port

s

Common- R
mode choke

AE port ~2 EUT port

IEC

C (typical) = 2,2 nF
R =8000Q
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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C (typicgl) = 2,2 nF

R=800[0
Ly » 28

L, >» 6 mH at 150 kHz

uH 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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Information for the test generator specification

The required output power of the power amplifier, PA (see Figure 4), is determined by taking
into account the attenuator T2 (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).

Table E.1 — Required power amplifier output power to obtain a test level of 10 V

Injection device

Minimum coupling factor = 1,5 dB

Required power
at output of PA

dB w
CDN 0 7
Currenf clamp winding (ratio 5:1) -14 176
EM clamp -6 28

adaptefs in series.

NOTE | The coupling factor is defined in 3.6. It can be measured by using the output level-setting circ
Figure [16). The coupling factor is the ratio between the output voltage U, , ebtained when using a coupl

decoup|ing device in series with a 150 Q to 50 Q adapter, and the output veltage when using two 150 Q

hit (see

ng and
050Q
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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 S|gnal is 80 MHZ EUT size can be
considfT i F ’ cables
that arg

connected to such EUTs.

In this [case, Annex F provides an alternative test method applicable to large EU\I'S that|places
the coupling device near to the cable entry, resulting in a small loop are€a with reduced
resonance effects.

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

— rack-mounted telecommunication switching systems;
— eleftrical machinery;

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

The elg¢vated reference ground plane shown in Figure F.1 is the reference ground plane for this
test sefup. The purpose of the elevated reference ground plane is to reduce the length of cable
betwegn the EUT and CDN, thereby.controlling or reducing the effects of resonances| in the
cables

The size of the elevated reference ground plane shall be large enough to extend a minirnum of
0,2 m beyond all CDNs used in the test.

The elg¢vated reference ground plane shall be electrically connected to earth for safety relasons.
This c@nnection js not significant from an RF point of view.

NOTE 1| The-~physical construction of the elevated reference ground plane and its support structure to g@nsure a
mechanically‘safe condition are important.

If the EOT s provided withrother earthtermimats thama PE feadmthe power mput;, theyall 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
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.
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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

JA

7/ d Elevated refér¢nce
\\

ground plane

EUT

Insulating

support L
o

¢onnection
L - Ll

Ground plane

IEC

Figure F.1 — Example of large EUT test setup with elevated
horizontal referénce ground plane

The veLrticaI reference ground plane shown' in Figure F.2 is the reference ground plane for this
test sefup. The purpose of the verticakreference ground plane is to reduce the length of cable
betwegn the EUT and CDN, thereby“controlling or reducing the effects of resonances| in the
cables

NOTE 2| The vertical reference ground plane can be more applicable than the horizontal elevated referenc¢ ground
plane in|cases where cables enterfexit the EUT at multiple heights or where only one CDN is applied.

The vefrtical reference.ground plane shall be electrically connected to earth for safety rejasons.
This c@nnection issnot significant from an RF point of view.

The size of the vertical reference ground plane shall be large enough to extend a minimmum of
0,2 m beyand*all CDNs used in the test. In case of an EUT having only one line, the hoifizontal
refererjce{ground plane shall be bonded to the floor with low inductivity. The length of cable
under {estbetweenm the EUT amdCONshattbeamaximumof 073 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 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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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

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 publications

listed i

the BIbllograpny.

Annex|G focuses on the uncertainties for level-setting as an example and shows h
uncertainty budget can be prepared based both on the measurement (jastrume
uncertainty and the voltage test level-setting procedure described in 6.4. Other parame
the digturbance quantity (e.g. modulation frequency, modulation depth, ete’) can be o
importance and should also be considered by the test laboratory-yas appropriat¢. The

metho
disturb

The sU
EUT in
reprod
of the

G.2

The ge

ology shown in Annex G is considered to be applicable .o\ all parameters
ance quantity.

bject of Annex G is the evaluation of MU of the voltage“level set in the case off

oW an
ntation
ters of

equal

of the

150 Q

hpedance as required by the test level-setting procedure in 6.4. The analysis ¢f non-

Lcibility issues related to tests made by different4aboratories on the same EUT
scope of Annex G.

General symbols

neral symbols that appear in Table;G:1 and that are listed below are a subset o

defined in IEC TR 61000-1-6:

input quantity;

estimate of ..

standard uncertainty, of x;.
sensitivity coefficient;

result of a measurement (the estimate of the measurand), corrected for all reco
significant/systematic effects;

(combined) standard uncertainty of y;

eXpanded uncertainty of y;

hre out

f those

gnized

G.3

G.3.1

coverage factor,
correction for the influence quantity X;.

Uncertainty budgets for test methods

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. 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
L\'V\': "'\'t\" ;CVC; ;CVC; \..Illlﬁ. ;CVC; IIIC;.CIIIsz‘II“II ;CVC; bcﬁills

Test generator

linearity
Uncertainty [of
voltage test
level

Power ampilifier

compression

SW leveling  Power amplifier CDN calibration Mismatch test 150 Q to 50 Q2 adapter

precision harmonics data generator/CDN

EC

Figure G.1 — Example of influences upon/oltage 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

~h

Uncertainty d
voltage test
level

Power amplifier
compression

V leveling  Power amplifier Monitoring system EM clamp Mismatch test
precision harmonics (current probe calibration generator/clamp
and meter) E

(]

Figure Gi2 — 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
linearity

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

SW levelling Power amplifier Direct injection Decoupling

pri acision harmonics characterization devices

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

G.3.3

The e
proced
level-s
which

differe
set to 2

Theref
proces

uncertainty budgets for each process.

Table

uncertainty budget consists of two partsy¢he uncertainty for level-setting and the uncg

for test
During

1) Un

Table
an ung

Model

Input quantities and calculation examples for expanded uncertainty

amples below assume that the same instrumentation used jinothe test level-
ure is used for generating the voltage test level (the meastrement setup for t
btting is that depicted in Figure 16 and Figure G.5), except for the measuring instr|
s absent during the test. However, the uncertainty centributions that would €
nt instrumentation is used, are shown in Table G.1 to Table G.8 but their values
rero (see notes below Table G.1 to Table G.8).

bre, it has to be recognized that the contributions which apply for the level-
5 and for the test will possibly not be the*same. This leads to (slightly) d

5.1 to Table G.8 give examples of an~uncertainty budget for voltage level-setting

. The level-setting process determines the relation between U, and U, (see Figur
the test process, U, is reproduced.

certainty budget when using CDN

5.1 and Table G!2)give examples of an uncertainty budget for voltage level-setti
ertainty budget-for the test using CDN.

function/far CDN voltage level-setting process (all quantities in logarithmic units)

Ug = U_me + 15,6 dB + LM + SRCAL + SSETUP + 8SW, + SML

EC

setting
he test
ument,
xist, if
can be

setting
fferent

. Each
rtainty
e G.1.)

ng and

Explan

ULme

NOTE 1

Model

NOTE 2

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

function for CDN test process (all quantities in logarithmic units):
Uy = Uy + 20 log (6/5) + SLMC; + 8CAL + dSW,

UX = ULMC + 20'09(5)

The symbols are included in the explanation of terms below.
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_Aﬂ

50Q

Generator/power amplifier/attenuator 6 dB

ULmcett
¢ A

100 Q

Coupling decoupling network

100 Q
Test jig =

U,
LMc I 1

50Q

Level meter S)

Y 1 Yy v

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

IEC

Table G.1 — CDN level-setting process

Symboj Uncertainty Source X; U(x;) | Unit Distril:@y'o‘n Divisor | u(x;) |Unit | ¢; | #;(® | Unit K

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 0,4|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
OSW ¢ SW levelling precision 0,3{dB  |rectangular 1,73 0,17|dB 1 0,17|dB 0,03
SLMC . (3}4)|Level meter in control loop 0[{dB  |rectangular 1,73 0,00|dB 1 0,00({dB 0,00
OTG . (34) |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 0,00
oML Mismatch level meter/CDN 0,5|dB U-shaped 1,41 0,35|dB 1 0,35|dB 0,13
Su;(v)’ 0,40
Combined uncertainty u(y) = VZu ) 2 0,63

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

Table G.2 — CDN test process

Symbo] |\ Uncertainty Source X; Ux:) | Unit | Distribution| Divisor [ uxy) [Unit | ¢; | ui0) | unit] [u,0”
OCAL Level setting 1,27|dB normal k=2 2 0,63|dB 1 0,63|dB 0,40
JLMCt (3,4) [Level meter in control loop 0,3|dB rectangular 1,73 0,17|dB 1 0,17|dB 0,03
O0TGt(3,4) |Test generator 0|dB rectangular 1,73 0,00|dB 1 0,00{dB 0,00
OMTt (5) Mismatch test generator/CDN 0,3|dB U-shaped 1,41 0,21|dB 1 0,21|dB 0,05
oSt SW evelling precision 0,3[dB  [rectangular 1,73 0,17[dB 1 0,17|dB 0,03

Su;()° 0,51
Combined uncertainty u(y) =V u; (v) ? 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 or
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. The explanation of terms provides explanation and guidance on analysis of the TG contribution.
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If the same equipment is used for level-setting and testing, then only the contributions of repeatability and

enter into Table G.2 for the test process. The contribution for the level-setting can be neglected.

NOTE 5 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.

Explan

ation 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 measured using a
network analyzer (see Figure 13). The maximum deviation from the specified loss (9,5 dB) and

its cali
that 0,

NOTE 6
interpola

NOTE 7

analyze
canbei

SETUH

b dB be used if the calibration certificate states only the compliance to the toleran

Deviations can be corrected in the software. In this case, the maximum deviation can-befeduce
tion uncertainty and calibration uncertainty.

The impedance of the 150 Q to 50 Q adapter can also be measured directly, for.example, using a

or taken from the calibration certificate. In this case, the deviation from 100 Q and.the calibration un
serted in Table G.1 and Table G.2. The sensitivity coefficient ¢, for this contribution is changed acc

— is a combination of uncertainties introduced by the'\sétup for level-settin

calibra
groun

can be|derived from reproducibility tests with changing canditions or estimated on the b

experi

LM,

measu

SW. —
softwa
usually

LMC

[+
control
specifi

TG, —

[

NOTE 8

ion fixture, the connection between the CDN and the €EDN adapter and the ref
plane impacts, for example, contact to the reference ;ground plane. This contr

nce as shown in the example.

is the uncertainty of the level meter, i%.,) the voltmeter or power meter us

is the uncertainty derived from the discrete level step size of the signal generat

e windows for level-setting during the level-setting process. The software wind
be adjusted by the test lab:

- is the uncertainty of the level meter, i.e., the voltmeter or power meter used

loop for the signakgenerator and amplifier output level. It can be taken from the
cations or detepmined from other sources.

The Uncertainty of the individual components of the test generator (for example, signal generato

ended
ce.

d to the

network
Certainty
brdingly.

g, i.e.,
erence
ibution
asis of

ed for

rement of the level at the output of the CDN. It is taken from the EUT’s specificafions in
the example but can be determined from other’sources as well.

or and
DW can

for the
EUT's

is the uncertainty of the test generator including frequency generator, power amplifier
and attenuator. It can be taken from the EUT’s specifications or determined from other sq

urces.

r, power

amplifie
a contro

stabilit ower amplifier rapid gain variation, attenuator, etc.) can be assessed separately, especial
| loop is not used in the test setup.

y where

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.

LMC; - is the uncertainty of the level meter, for example, the voltmeter, used at the output of

the power amplifier taken from the EUT’s specification. Alternatively, a power meter can be
used in order to obtain a lower uncertainty.
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TG, — is the uncertainty of the test generator including the frequency generator, the power
amplifier and the attenuator. It can be taken from the EUT’s specifications or determined from

other s

ources.

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) 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.

This contribution can be neglected if the same setup, i.e., the attenuator and cables, is used
for level-setting and test.

SWy —
softwa
adjustsg

2) Ur

Table
an unc

Model

s the uncertainty derived from the discrete level step size of the signal generat
‘e windows for level-setting during the test process. The software window can usy
d by the test laboratory.

certainty budget when using an EM clamp

5.3 and Table G.4 give examples of an uncertainty budget for noltage level-setti
ertainty budget for test using an EM clamp.

function for an EM clamp voltage level-setting process (allhquantities in logarithmic

Ug = U e * 15,6 dB + SLM + SRCAL #-OSETUP + 3SW, + SML

Explanjation of contributions:

or and
ally be

ng and

units):

U mc |Vvoltage indication U, from the power‘meter directly in or converted to dB(uV).
NOTE 1D The other symbols are included in the\explanation of terms below.
Model function for EM clamp test process (all quantities in logarithmic units):
Ug=Uy + 20-log (6/5) + 6LMCt + OCAL + 5SWt + OAETERM
UX = ULMC + 20|Og (5)
NOTE 1] The symbols are included in the explanation of terms below.
Table G.3 — EM clamp level-setting process
Symbot— Uneertainty-Sotree; He—-tnit-|-Bistribution—Bivisor——#te—tnitT—er——#rf—-tnit 7)) -
ORCAL 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
ISETUP 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
OSW 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
TG ¢ (12,13) |Test generator 0|dB  [rectangular 1,73 0,00{dB 1 0,00{dB 0,00
SMT, (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,0)’ 0,40
Combined uncertainty u(y) = vV u ) 2 0,63
Expanded uncertainty (CAL) U=u(y) x k,k =2 1,27|dB
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Table G.4 — EM clamp test process

Symbol Uncertainty Source X ; U(x;) | Unit | Distribution| Divisor | u(x;) | Unit | ¢; [ #;(» [ Unit| u;

DK

0CAL

Level setting 1,27|dB normal k=2 2 0,63|dB 0,63|dB

0,40

JLMC(12,13) |Level meter in control loop 0,3|dB rectangular 1,73 0,17|dB

0,17|dB

0,03

0TG( (12,1

3) |Test generator 0|dB rectangular 1,73 0,00|dB 0,00{dB

0,00

OMT, (14)

Mismatch test generator/clamp 0,3|dB U-shaped 1,41 0,21|dB 0,21(dB

0,05

ISW

SW levelling precision 0,3|dB rectangular 1,73 0,17|dB 0,17|dB

0,03

JAETERM

RN RN IR (IR RN Y

AE termination 2,5/dB rectangular 1,73 1,45|dB 1,45|dB

2,09

Zu; ()

2,60

Combined uncertainty u(y) = \/Zui()/) ?

1,61

Expanded uncertainty U=u(y) x k, k =2

3,22(dB

NOTE 1
setting d
used or
the cont
the test
dependi
of the T

NOTE 1
and line

NOTE 1
process

P Either the LMC or the test generator (TG) contributions enter into Table G.3 and Table G4 f
r test, or both, depending on whether a control loop for the signal generator and amplifien outpu
not. In this example, the test generator does not contribute to the uncertainty budget because it i
ol loop. The contribution from the control loop is established by the level meter (see also’Note 13). H
generator is included in Table G.3 and Table G.4 to remind the test labs that they canh consider

Ng on the labs’ particular test setup. The explanation of terms provides explanatiomand guidance on
5 contribution.

B If the same equipment is used for level-setting and testing, then only the contributions of repq
brity enter into Table G.4 for the test process. The contribution for the Jevel-setting can be neglecte

1 This contribution is normally zero in Table G.3 since it is incofporated in the result of the leve
due to the control loop. If a different circuit is used for level setting and test, the impact of the

setups 4

Expla

Severd
explairn

NOTE 1
conside

procedu

AETER
ideal in
the low
impedd
misma
AE img
than to

This ¢

circuit j used for level-setting and testing, then these contributionscan be neglected.

nd the reproducibility of the test setup are contributing to this\uncertainty source in Table G.4. If t

ation of terms:

| items apply in principle as in the previous example (CDN method). These items
ed here; the previous example should be consulted.

b Uncertainty related to 7.4.1, where_a“monitoring probe is used and current limitation is applie
ed in Annex G. In this case, the value/of U, is no longer the same as that determined in the levg

e, but it is reduced to an unknownivalue. Therefore, no uncertainty can be assigned to U, in this ¢

M — is the effect of the*AE impedance, which should be maintained at 150 Q (as|
npedance of the EUT)). Deviations from this value have significant influence esped
er frequency range\(below 10 MHz), where the directivity of the EM clamp is wea
nce deviation(can have a significant effect on the actual test level. The imp
ch will in practice determine the percentage of test signal going to the EUT or AE
edance is_higher than the EUT impedance, more test voltage is going to the AE
the EUT.JA lower value may be used for frequencies above 10 MHz.

pntribution can be investigated experimentally using a network analyzer. The ¢

br level-
level is
5 part of
owever,
his item
lanalysis

atability
d.

| setting
different
he same

are not

d, is not
I-setting
hse.

sumed
ially in
k. This
dance
. If the
rather

bupling

factor

hf tha clamn ~nan ha maaciiend foar A AEN O AL tmnadanan and ~amanarad 4 A fclv-

nt AE

oTtrro oot oo oC T C oo uUT o U TOT o ToU— Sy rrrrp T oo ot c o rpaTr ot toToTt

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 unc

ertainty budget for test using a current clamp.

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

Ug = ULme + 15,6 dB + BLM, + SRCAL + BJIG + 8SW, + SML
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