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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 4-1: Uncertainties, statistics and limit modelling -
Uncertainties in standardized EMC tests

DD

[#%]

[é:x]

[{e]

'he main task of IEC technical committees is to prepare International Standards. However,
pechnical committee may propose the publication of a technical report when it has collecte
ata‘of a different kind from that which is normally published as an International Standard, fo

xample "state of the art"

FOREWORD

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

O

S B =

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

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

< )=

In order to promote international uniformity, IEC Natiehal Committees undertake to apply IEC Publication
transparently to the maximum extent possible in~fheir national and regional publications. Any divergenc
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated i
the latter.

DUy

IEC provides no marking procedure to jndicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with-an IEC Publication.

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

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

O

Attention is drawn_ to~the Normative references cited in this publication. Use of the referenced publications i
indispensable forthe correct application of this publication.

T

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

=

CISPR 16-4-1, which is a technical report, has been prepared by CISPR subcommittee A:
Radio-interference measurements and statistical methods, of IEC technical committee CISPR:
International special committee on radio interference.

This second edition of CISPR 16-4-1 cancels and replaces the first edition published in 2003,
and its Amendments 1 (2004) and 2 (2007). It constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition. The provisions available for application of uncertainties in the determination of the


https://standardsiso.com/api/?name=849b8b503552707298a8b31014b796a3

-8- TR CISPR 16-4-1 © IEC:2009(E

)

compliance criterion are explained more generally and a procedure is added for re-testing an
approved EUT by another test house.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
CISPR/A/818/DTR CISPR/A/831/RVC

=

full information on the voting for the approval of this standard can be found in the reporf-o
oting indicated in the above table.

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

\ list of all parts of the CISPR 16 series can be found, under the general title Specification fog
adio disturbance and immunity measuring apparatus and methods, on the{l[EC website.

'he committee has decided that the contents of this publication wilkfemain unchanged unt
he maintenance result date indicated on the IEC web site under “http://webstore.iec.ch" i
he data related to the specific publication. At this date, the publication will be

reconfirmed,

withdrawn,

replaced by a revised edition, or
amended.

\ bilingual version of this publication may be issued at a later date.
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INTRODUCTION

The result of the application of basic considerations (Clauses 4 and 5) in this part to existing
or new CISPR standards will lead to proposals to improve and harmonise the uncertainty
aspects of those CISPR standards. Such proposals will also be published as reports within
this part and will give the background and rationale for improvement of certain

CISPR standards. Clause 6 is an example of such a report.

The structure of clauses related to the CISPR standards compliance uncertainty work is

depicted in Table 1. Clause 4 deals with the basic considerations of standards complianc
Uncertainties in emission measurements. Clauses 6, 7 and 8 contain uncertaint
gonsiderations related to voltage, absorbing clamp and radiated emission measurements
nespectively.

Uncertainty work will also be considered for immunity compliance tests in the,future. Clause
%, 9 and 10 are reserved for this material. SCU (see 3.1.16) considerations~of immunity test
differ from the emission SCU considerations in particular points. For instance, in an immunit
test, the measurand is often a functional attribute of the EUT and not a“specific quantity. Thi
may cause additional specific SCU considerations. Priority has been{given to the uncertaint
gvaluations for emission measurements at this stage of the work.

Table 1 — Structure of clauses related tothe subject
of standards compliance uncerfainty

4

< Ur<<—0r—"

STANDARDS COMPLIANCE UNCERTAINTY

Clause 1, 2, and 3:'General

EMISSION IMMUNITY
Clause 4 Basic considerations Clause 5 Basic considerations
Clause 6 Voltage measurements Clause 9 Conducted immunity tests
(lause 7 Absorbing clamp measurements Clause 10 Radiated immunity tests
Glause 8 Radiated emission measureménts
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SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 4-1: Uncertainties, statistics and limit modelling -
Uncertainties in standardized EMC tests

N7

[his part of CISPR 16-4 gives guidance on the treatment of uncertainties to those who ars
hvolved in the development or modification of CISPR electromagnetic compatibility . (EMC
tandards. In addition, this part provides useful background information for those _who appl
he standards and the uncertainty aspects in practice.

Lo B ¢ » Wkl |
<

],

[he objectives of this part are to:

) identify the parameters or sources governing the uncertainty<associated with the
statement that a given product complies with the reqGirement specified in a
CISPR recommendation. This uncertainty will be called" “standards complianc{
uncertainty” (SCU, see 3.1.16);

) give guidance on the estimation of the magnitude’ of the standards compliancs
uncertainty;

Q)

174

7

¢) give guidance for the implementation of the standards compliance uncertainty into thg
compliance criterion of a CISPR standardised compliance test.

D

As such, this part can be considered as a handbook that can be used by standards writers t¢
hcorporate and harmonise uncertainty considerations in existing and future CISPR standards|.
his part also gives guidance to regulatory authorities, accreditation bodies and tej
ngineers to judge the performance~ quality of an EMC test-laboratory carrying o
LISPR standardised compliance tests.“The uncertainty considerations given in this part can
Iso be used as guidance when comparing test results (and their uncertainties) obtained b
sing different alternative test methods.

—

QA Dd T
—

The uncertainty of a compliance test also relates to the probability of occurrence of a
glectromagnetic interference (EMI) problem in practice. This aspect is recognized an
i
t

=

ihtroduced briefly in this-part. However, the problem of relating uncertainties of a compliancs
st to the occurrence-of EMI in practice is not considered within the scope of this part.

The scope of\ this part is limited to all the relevant uncertainty considerations of &
gtandardized EMC compliance test.

9

2 Normative references

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

IEC 60050-161:1990, International Electrotechnical Vocabulary (IEV) — Chapter 161:
Electromagnetic Compatibility

IEC 60050-300:2001, International Electrotechnical Vocabulary (IEV) — Electrical and
electronic measurements and measuring instruments — Part 311: General terms relating to
measurements — Part 312: General terms relating to electrical measurements — Part 313:
Types of electrical measuring instruments — Part 314: Specific terms according to the type of
instrument
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IEC 60359:2001, Electrical and electronic measurement equipment — Expression of
performance

CISPR 16-1-2:2003, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 1-2: Radio disturbance and immunity measuring apparatus — Conducted
disturbances

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

CISPR 16-1-4:2007, Specification for radio disturbance and immunity measuring apparatu
gnd methods — Part 1-4: Radio disturbance and immunity measuring apparatus —NAncillar
equipment — Radiated disturbances

12

oy

CISPR 16-1-5:2003, Specification for radio disturbance and immunity measuring apparatu
and methods — Part 1-5: Radio disturbance and immunity measuring apparatus — Antenna
galibration test sites for 30 MHz to 1 000 MHz

"2

CISPR 16-2-2:2003, Specification for radio disturbance and immunity measuring apparatu
gnd methods — Part 2-2: Methods of measurement of disturbances and immunity -
Measurement of disturbance power
/
/

A\mendment 1 (2004)
A\mendment 2 (2005)

CISPR 16-2-3:2006, Specification for radio disturbance and immunity measuring apparatu
gnd methods — Part 2-3: Methods of measurement of disturbances and immunity — Radiate
disturbance measurements

"2

L

CISPR 16-4-2:2003, Specification for radio/disturbance and immunity measuring apparatu
and methods — Part 4-2: Uncertainties, statistics and limit modelling — Uncertainty in EM(
measurements

A\ WA

CISPR/TR 16-4-3:2004, Specification for radio disturbance and immunity measurin
gpparatus and methods — Part 4-3: Uncertainties, statistics and limit modelling — Statisticg
gonsiderations in the determiniation of EMC compliance of mass-produced products

_—d

CISPR 22:2008, Information technology equipment — Radio disturbance characteristics -
Limits and methods of-measurement

ISO/IEC 17025, General requirements for the competence of testing and calibratioh
laboratories

ISO/IEC. Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression df
yncértainty in measurement (GUM:1995)

ISO/IEC Guide 99:2007, International vocabulary of metrology — Basic and general concepts
and associated terms (VIM)

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

NOTE 1 Wherever possible, existing terminology, from the normative standards of Clause 2 is used. Additional
terms and definitions not included in those standards are listed below.

NOTE 2 Terms shown in bold are defined in this clause.
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3.1 Terms and definitions

3.1.1
electromagnetic (EM) disturbance

)

any electromagnetic phenomenon which may degrade the performance of a device,

equipment or system, or adversely affect living or inert matter

[IEV 161-01-05]

3.1.2

elmission level

gr system measured in a specified way

[IEV 161-03-11, modified]

3.1.3
emission limit
the specified maximum emission level of a source of electromagnetic disturbance

NOTE In IEC this limit has been defined as “the maximum permissible emission-level”.

[IEV 161-03-12, modified]

1.4
hfluence quantity
uantity that is not the measurand but that affects the result of the measurement

0= )

[ISO/IEC Guide 98-3, B.2.10]

NOTE 1 In a standardised compliance test an influenhce quantity may be specified or non-specified. Specifie
influence quantities preferably include tolerance data.

NOTE 2 An example of a specified influence quantity is the measurement impedance of an artificial main
rletwork. An example of a non-specified influence quantity is the internal impedance of an EM disturbance source.

3.1.5

interference probability

probability that a product_complying with the EMC requirements will function satisfactoril
(from an EMC point of view) in its normal use in an electromagnetic environment

3.1.6

intrinsic uncertainty of the measurand

minimum uneertainty that can be assigned in the description of a measured quantity. |
theory, the\intrinsic uncertainty of the measurand is obtained if the measurand is measure
Using a.measurement system having a negligible measurement instrumentation uncertaint

the level of a given electromagnetic disturbance emitted from a particular device, equipment

j=x

[\OTE 1 No quantlty can be measured W|th contmually lower uncertalnty, |nasmuch as any g|ven quant|ty i

its own intrinsic uncertalnty one is compelled to redefine it W|th hlgher detail, so that one is actually measurlng

another quantity. See also ISO/IEC Guide 98-3, D.1.1.

NOTE 2 The result of a measurement carried out with the intrinsic uncertainty of the measurand may be called the

best measurement of the quantity in question.

[IEC 60359:2001, definition 3.1.11, modified]

3.1.7
intrinsic uncertainty of the measurement instrumentation

uncertainty of a measurement instrumentation when used under reference conditions. In
theory, the intrinsic uncertainty of the measurement instrumentation is obtained if the

intrinsic uncertainty of the measurand is negligible
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NOTE Application of a reference EUT is a means to create reference conditions in order to obtain the intrinsic
uncertainty of the measurement instrumentation (4.5.5).

[IEC 60359:2001, definition 3.2.10, modified]

3.1.8

level

value of a quantity, such as a power or a field quantity, measured and/or evaluated in a
specified manner during a specified time interval

NOTE The level may be expressed in logarithmic units, for example in decibels with respect to a reference value.

[IEV 161-03-01, modified]

3.1.9
measurand
particular quantity subject to measurement

IEV 311-01-03]

BXAMPLE Electric field, measured at a distance of 3 m, of a given sample.

14

NOTE The specification of a measurand may require statements about influenee quantities (see ISO/IEC Guid
8-3, B.2.9).

O

3.1.10

measurement instrumentation uncertainty

MU

parameter, associated with the result of a measurenient that characterises the dispersion ﬂf
the values that can reasonably be attributedto“the measurand, induced by all relevant
i

ihfluence quantities that are related to the measurement instrumentation

[ISO/IEC Guide 99, 4.24, and |IEC 60359:2001, 3.1.4, modified]

3.1.11

measuring chain

geries of elements of a measuring instrument or system that constitutes the path of th
measuring signal from input te_the output

A1

[IEV 311-03-07, modified]

3.1.12

(imeasurement) ‘compatibility

property satisfied by all the results of measurement of the same measurand, characterized by
3gn adequate,overlap of their intervals

[IEV 314201-14]

3.413

reference conditions
set of specified values and/or ranges of values of influence quantities under which the
uncertainties, or limits of error, admissible for the measurement system are smallest

[[EV 311-06-02, modified]

3.1.14

reproducibility (of results of measurements)

closeness of the agreement between the results of successive measurements of the same
measurand carried out under changed conditions as determined by one or more specified
influence quantities
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NOTE In general, this reproducibility is also determined by non-specified influence quantities, hence the
closeness of the agreement can only be stated in terms of probability.

[

ISO/IEC Guide 98-3, B.2.16, modified]

3.1.15

sensitivity coefficient

coefficient used to relate the change of a physical quantity due to a variation of one of the
specified or non-specified influence quantities

[¢

0N S = ¢

Q QO 1T =

.1.16
gstandards compliance uncertainty
bCU
arameter, associated with the result of a compliance measurement. as described in a
tandard, that characterises the dispersion of the values that could €easonably be attributed
p the measurand

dources are”translated’ into one or more influence quantities (see 4.2.3 and K.3 of [39]).

OTE 1 In mathematical form, the sensitivity coefficient is, in general, the partial derivative of the physiga
uantity with respect to the varying influence quantity.

vy

OTE 2 This term and definition is based on the definitions of sensitivity coefficient given in the ISO/IEC” Guid
8-3 and the description given in [33]".

ndapted from ISO/IEC Guide 98-3, B.2.18 and IEV 311-01-02]

1.17

olerance
naximum variation of a value permitted by specifications, regulations, etc. for a given
pecified influence quantity

.1.18
rue value (of a quantity)
alue consistent with the definition of a particular quantity

pdapted from ISO/IEC Guide 98-3,B:2.3, IEV 311-01-04]

.1.19

ncertainty source
ource (descriptive, not-guantitative) that contributes to the uncertainty of the value of a
neasurand, and that shall be divided into one or more relevant influence quantities

OTE An uncertainty,"source can be defined also as a qualitative description of a source of uncertainty. |
ractice the uncertainty of a result may arise from many possible categories of sources, including examples suc
s test personpél,vsampling, environmental conditions, measurement instrumentation, measurement standard,
pproximations,and assumptions incorporated in the measurement method and procedure. Relevant uncertainty

e e

.1.20
ariability (of results of measurements)

Q<L)

loseness of the agreement between the results of successive measurements of the same

J

measurand carried out under changed conditions as determined by one or more non-
specified influence quantities

NOTE 1 This term and definition are based on IEV 311-06-07 (see also IEV 311-07-03).

NOTE 2 The closeness of the agreement can only be stated in terms of probability.

1

Figures in brackets refer to the bibliography.
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3.2 Abbreviations

ACTM absorbing clamp test method

AMN artificial mains network

CDN coupling/decoupling network

CISPR International special committee on radio interference

CMAD common-mode absorbing device

CRP clamp reference point

EMC electromagnetic compatibility

EUT equipment under test

ILC interlaboratory comparison

LISN line impedance stabilization network

LPDA log-periodic dipole array

HuT lead under test

Miu measurement instrumentation uncertainty

NSA normalised site attenuation

OATS open-area test site

RRT round-robin test

$AC semi-anechoic chamber

$AD secondary absorbing-device

$CU standards compliance uncertainty

$RP slide reference-point
-AMN V-terminal.artificial network

4 Basic considerations on uncertainties in emission measurements

41 Introductory remarks

InCaystandardised emissions compliance measurement, the emission level of an electrical of
fectronic product s measured, after which comptiance  with—the associated imit—1s

determined. The measured emission level is an approximation of the true emission level due
to uncertainties induced by the ‘influence quantities’ (3.1.4). In classical metrology, all
relevant influence quantities are known and the ‘intrinsic uncertainty of the measurand’ (3.1.6)
is generally very small. Hence for classical metrology problems, it is generally sufficient to
consider only the ‘measurement instrumentation uncertainty’, or MIU (3.1.10).

In emissions compliance testing however, major relevant influence quantities related to the
EUT happen to be unspecified [31] and no quantitative information is available about their
values. Hence, for emissions measurements, the intrinsic uncertainty related to the
measurand may be significant compared to the uncertainty due to the measurement
instrumentation. Therefore, the term ‘standards compliance uncertainty’, or SCU (3.1.16), has
been introduced to distinguish all uncertainties encountered during an actual emissions
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compliance test from the MIU, which is a subpart of the SCU. Terms and definitions of
standards compliance uncertainty and other related EMC and uncertainty specific terms are
given in Clause 3.

In Figure 1, a) illustrates how the intrinsic uncertainty of the measurand and the MIU combine
to form the SCU in a typical emissions measurement. Subfigure b) is representative of
classical metrology measurement, for which the intrinsic uncertainty of the measurand is small
compared with the MIU, and c) shows the rare case of a negligible MIU. It should be noted
that the sigma symbol, %, in Figure 1 is a mathematical operator representing summation. The

dorrelation of the two uncertainty sources involved.

NOTE It is possible that in the future, classical metrology and EMC disciplines will merge to such an, extént thg
different terminology and approaches will no longer be needed. For example, the results of the CISPR studies o
measurement instrumentation uncertainty [29] and standards compliance uncertainty should merge directly,

:
testing and the distinction between ‘standards compliance uncertainty’, ‘intrinsic uncertainty o
t
i

N P Y £ 2 ple P l ] o [ - DU I R l 4l
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herever possible.

[he various categories of uncertainties that can be encountered during emissions complianc

he measurand’ and ‘measurement instrumentation uncertainty’ is addréssed in more deta

in 4.2. Subclause 4.3 briefly discusses the relation between uncertainfies of a compliance tes

nd the risk of interference in practice. Subclause 4.4 describes“the steps to be taken t
erform an uncertainty analysis for a standardised emission*measurement. Subclause 4.
ives methods to verify the validity of the uncertainty budget. Subclause 4.6 gives informatio

nd its uncertainty. Subclause 4.7 provides some genetal‘guidance on the application of th¢
ncertainties in the compliance criterion. More spegific guidance on the application ¢
ncertainties in pass/fail criteria is under consideratiaon.

n how to report uncertainty estimates and on how to express the result of a measuremen|

L

==

—~ = O O — == D
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Intrinsic
uncertainty of the

measurand O Overall
uncertainty

of the measurand

Z SCU

Measurement J

instrumentation
uncertainty IEC 331/09

Figure 1a) — Typical emission measurement

Intrinsic _
uncertainty of the _ Overalluncertainty =
measurand negligible _measurement
(e.g. using a reference EUT) |nstrumen_tat|on
uncertainty,
2 : MIU
Measurement
instrumention
uncertainty IEC 332/09

Figure 1b) — An emission-measurement with
a negligible intrinsic uncertainty of the measurand

Intrinsic
uncertainty of the )
measurangd (_)ve_rall_ uncertaln_ty =
intrinsic uncertainty
of the measurand
Negligible
measurement

instrumentation
uncertainty IEC 333/09

Figure 1c) An emission measurement with
a negligible measurement instrumentation uncertainty

Figure 1 — lllustration of the relation between the overall uncertainty of a measurand
due to contributions from the measurement instrumentation uncertainty
and the intrinsic uncertainty of the measurand

4.2 Types of uncertainties in emission measurements

4.2.1 General

At first, this subclause discusses the different purposes of uncertainty considerations in
emission measurements. Depending on the purpose, a different type of uncertainty analysis is
required, and the compliance criterion may be incorporated in different ways. In addition, the
uncertainty sources associated with an emission measurement, as well as their corresponding
influence quantities are introduced. Finally, different categories of uncertainties in emission
measurements are defined and discussed in more detail.


https://standardsiso.com/api/?name=849b8b503552707298a8b31014b796a3

-18 - TR CISPR 16-4-1 © IEC:2009(E)

4.2.2 Purpose of uncertainty considerations

The result of an emission measurement is subject to uncertainties, and there may be different

r

easons to consider the uncertainties in a quantitative way. The following cases can be

considered:

T

O

qualification of the technical measurement capabilities of a test laboratory;

judgement of compliance of a measurement result with respect to the limit;

Far M Y

e 2 M |

= O N+~ ~ Oy ~+ 75 o~ = = —

)
)
) comparison of the measurement results obtained from different test laboratories;
) comparison of different emission measurement methods;

)

sampled testing of the emission performance of mass-produced products.

[he type of uncertainties to be considered differ in each of these cases, as discussed in thg
pllowing.

D

h case a), it may be sufficient to consider the uncertainties of the measuting chain (3.1.11
nd the uncertainties due to the implementation of the measurement procedures. Fof
nstance, one can consider the technical performance of the measurement equipment, such
s the test site, the measurement receiver and receive anténana. The measurement
rocedures as carried out by the personnel and/or by the softwaré can also be evaluated.
\pplication of a calculable EUT or a reference EUT is a meansto evaluate the uncertainty
ue to the measurement instrumentation [see Figure 1 b)].

h case b), the result of an emission compliance test\is judged against a given limit. The
esulting uncertainty will include the uncertainties \due to the measuring chain and the
heasurement procedure, but also the intrinsic uncertainties due to the set up of the EUT of
he operation of the EUT. Compared to a classical metrology measurement, the intrinsi¢
ncertainty of an emission measurement may, have relatively large values. It is a matter of
EMI risk assessment how this overall uncertajnty is incorporated in the pass/fail criterion. On¢
roperty of the intrinsic uncertainty is that this uncertainty contribution depends not only on
he specification of the measurand, andthe class of products, but also on the specification of
he EUT set-up, including the layout and termination of the cables. In first order
pproximation, the intrinsic uncertainty is independent of the measurement instrumentatio
ncertainty. It is the responsihility of the authors of standards to reduce the intrinsi
ncertainty to an acceptableylow level. The magnitude of the intrinsic uncertainty is beyon
he control of the test labpratory and also beyond control of the manufacturer of the product.
Consequently, a manufacturer of a product should not be punished by requiring that the valug
f the intrinsic uncertainty shall be taken into account in the pass/fail criterion, i.e. subtracted
fom the limit.

o=

14

OTE 1 The firstedition of CISPR 16-4-2 specifies only MIU for the determination of compliance. However, it wa
oted during the/development of CISPR 16-4-2 that other uncertainty categories besides MIU affect complianc
etermination \t6-some extent. That was the reason to use the more specific title ‘measurement instrumentatio
ncertainty’\in CISPR 16-4-2. Because CISPR 16-4-2 includes CISPR/TR 16-4-1, per reference, this discrepanc
hust be resolved (although CISPR 16-4-2 is a normative document, CISPR/TR 16-4-1 is an informative document].
herefore; for reasons of consistency, a future amendment of CISPR 16-4-2 may be considered.

< J 0w

n nvnmplo of case r\) is market control hy an s:nfhnrify of a certain prnrhlr\f ln-this case both

test laboratories (manufacturer and authority) judge compliance of the measurement result
against the applicable limit. Also, the two results can be compared with each other directly.
Different samples of the same product may be used by the auditing authority and by the
manufacturer of the product. In this case, the emission performance of the same type of
product may be subject to spread due to tolerances in production and performance of
components. This means that the product itself is a source of uncertainty. Again in this case
an intrinsic uncertainty is present, i.e. differences in set up of the EUT and layout and
termination of the EUT cables may cause significant differences in the outcome of a
measurement. The EUT operational states and internal measurement procedures may be
different for the two test laboratories. Different procedures (e.g. an operator-controlled versus
a software-controlled measurement procedure) may lead to different results as well.
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NOTE 2 CISPR emission measurements require measurement of an emission level, defined as the level of a

9
c

iven EM disturbance emitted from a particular device, equipment or system, ‘measured in a specified way’. As a
onsequence, the value of the measurand is influenced by this ‘in a specified way’, e.g. the influence of the layout

of the measurement set-up during the actual measurement. The uncertainty considerations shall reflect this for
purposes of compliance measurements. For instance, in CISPR 16-4-2 and in LAB 34 [46], the uncertainty
considerations are limited only to the measurement instrumentation uncertainties; uncertainties arising from the
EUT variations are not included.

Case d) may be, for instance, a comparison of the results obtained from measurements using
a classical radiated emission measurement on a 10 m OATS or in a 3 m SAC. To compare
these 3 m and 10 m measurement results, additional uncertainties need to be considered due

t
b
I

=/ N D Q) =

— M — = 3

H

SH{)]

thedifferencesof the measurement methodsmgenerat, tO T measurement Tesuits cannat
e easily converted into 3 m results. The conversion depends on the type of EUT (small,
brge, table top, floor standing) and the associated uncertainties.

n case e), manufacturing tolerances are an uncertainty source that may be\taken int
ccount in the compliance criterion. This has already been included in(:Clause 4 ¢
CISPR/TR 16-4-3:2004 as the so-called 80 %/80 % rule. The emission performance results o
hass-produced products have a spread due to manufacturing tolerances,‘For type testing o
uch mass-produced goods, from an uncertainty point of view this spread ‘can be covered b
he following two CISPR methods (see CISPR/TR 16-4-3):

<= = s O

1) testing of one representative sample of the product, thensubsequent periodic quality
assurance tests, or

2) testing of a representative and finite number of samples, then applying statistica
evaluation of the measurement results in accordan¢e) with the 80 %/80 % rule.

[he compliance criterion for these two cases is different. In the first method (periodic testin
f one sample), the product complies as long as_the limit is not exceeded. In the secon
hethod, a penalty margin is incorporated in the~¢ompliance criterion which depends on th
umber of samples (student’s-¢ distribution) orn the results are compared directly with the limit
nd a number of samples may be rejected depending on the total number of sample$
binominal distribution).

O—CO

OTE 3 The compliance determination for\production should be determined by applying the 80 %/80 % rule a
escribed in Clause 4 of CISPR/TR 16-4+3:2004. Because of the publication of CISPR 16-4-2, the MIU complianc
riterion (Clause 4 of CISPR 16-4-2:2003) shall be applied as well. It has yet to be determined how the 80 %/80 ¢
Lle compliance criterion, given in CISPR/TR 16-4-3), and the MIU compliance criterion of CISPR 16-4-2 are to b
ombined (order of precedence).in\‘case both criteria are applicable. The combination of these two complianc
riteria is subject of further studies in CISPR/A.

W o W W

OTE 4 It should be noted that sampling and production uncertainties do not contribute to the uncertainty of
ingle EUT measurement._However, in a type approval scenario (as described in Clause 4 of CISPR/TR 16-4
:2004), where complianice determination of a whole series of products is based on the measurement of one g
hore samples, thesé-factors do indeed contribute to the compliance uncertainty. The additional uncertainty is du
b variations in the Ymanufacturing process and also due to the fact that the number of samples is limited. |
SBO/IEC Guide 98-3 (E.4.3) it is also recognized that an additional uncertainty occurs due to limited sampling of a
nsemble of products. E.4.3 of ISO/IEC Guide 98-3 states: This ‘uncertainty of the uncertainty’, which arises fror
he purely Sstatistical reason of limited sampling, can be surprisingly large. Examples are given in Table E.1 ¢
SO/IEC ‘Guide 98-3.

e A A .

XAMRLE The compliance decision may be different for a group of samples, selected from an early batch in th

A

L")

rodyction process, compared to a group of samples selected from a batch produced in a more matur

manufacturing process having improved tolerances and therefore yielding a reduced standard deviation of the
product properties under consideration.

From the discussion of the cases a) through e) explained above, it is clear that the categories
of uncertainties to be considered depend very much on the specific application purpose. The
uncertainty and its inclusion in the compliance criterion usually depend strongly on these
purposes. In the following paragraphs, the various categories and types of uncertainties will
be distinguished in a more systematic way.

4.2.3 Categories of uncertainty sources

Figure 2 shows the flow of the general process of emission compliance measurements. First,
one or more EUTs are sampled from the total population of a specific product. As discussed
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in the previous clause, due to the production spread and due to the sampling, an uncertainty
in the measured result can be expected (production and sampling induced uncertainties).
Further, the standard specifies the measurand and the method, means and conditions under
which to measure the measurand. In this process of standardized measurements additional
uncertainties can arise, due to different uncertainty sources. In general, an uncertainty source
is a factor that contributes to the uncertainty of a measurement result (see 3.1.19). An
uncertainty source can be defined also as a qualitative description of a source of uncertainty.
Table 2 lists possible categories of uncertainty sources that can be distinguished in the
general emission compliance measurement process given in Figure 2.

Total population of
manufactured products

Environmental

parameters
Measurement Measured
system ——<=> value of the
emission level

[

Testproeedure

—
—
Production and sampling Standard
induced uncertainties induced uncertainties

IEC 334/09

Figure 2 — The process of emission compliance measurements and the associated
(categories of)juncertainty sources (see also Table 2)

Table 2 — Categories of-uncertainty sources in standardised emission measurements

Test laboratory, Standard Production and sampling
induced induced induced
= Operator skills = Specification of the measurand = Production tolerance
= Analysis and.calculations = Measurement instrumentation = Sampling

including calibrations and

* Reporting verifications

= Non-representative sampling

= Implementation of the standard .
in mieasurement procedure and
software

Measurement procedure
description

= Environmental conditions
= Set up of the EUT

= Operation of the EUT

= Type of EUT

o L "
GUdality Sysicinl

As explained in the previously, there may be differing reasons for the consideration of the
uncertainty of measurement results. Depending on the purpose of the uncertainty evaluation,
the various categories of uncertainty sources shall be taken into account. For a compliance
measurement of an arbitrary EUT in accordance with the standard, all the categories of
uncertainty sources given in Table 2 are of importance. The resulting uncertainty associated
with this situation is called the ‘standards compliance uncertainty’. In practice, the test
laboratory induced uncertainties should be minor, and are controlled and sustained by the
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quality system of a test laboratory. It should be noted that the test laboratory has to use the
available standard and has to interpret it in some way to actually implement it in a
measurement process. The quality system only ensures that the established process is
evaluated in some form and applied consistently. The quality system however does not
minimize the kind of error, due to incomplete or ambiguous standards. In the remainder of this
clause it will be assumed that the (additional) test laboratory induced uncertainties are
negligible and need not be incorporated in the compliance criterion. The production and
sampling induced uncertainty sources are presently taken into account by the
CISPR 80 %/80 % rule that is described in Clause 4 of CISPR/TR 16-4-3:2004. Therefore, this

ategory of uncertainties will not be treated further in this subclause. However, this source of

O 0O < -~ O 0 C o0 o —

i 4 s M|

S 0~ m

ncertainty is listed in Table 2 to present the full picture of all candidate uncertainty source$
hat may be involved in a CISPR disturbance compliance measurement.

'he standard induced uncertainty sources are of importance, when different test Jaboratorie
heasure the same physical EUT. If the same physical EUT is measured at different test site
sing different measurement equipment, but the same operator and the same jprocedures an
xactly the same set up are used, then the uncertainty is governed_mainly by th
heasurement instrumentation including the test site. This case shows that consideration o
measurement instrumentation uncertainties’ alone (as in CISPR 16-4-2or in LAB 34 [46]), i
alid only for specific cases. The latter situation may be appropriate if only the technicg
apabilities (the measuring chain) of a specific emission measurement facility are bein
ssessed.

O————— 00—

[he category of ‘standard induced uncertainty sources’ in‘Table 2 can be further split int
ub-categories. Example uncertainty sources sub-categories are detailed again in Table 3.
[able 3 lists the typical qualitative uncertainty sources that may contribute to the overall
ncertainty of the radiated emission measurement result.

O

h general, the starting point for an uncertainty assessment of any new measurement metho
5 to assemble all possible uncertainty .sgurces. It may be convenient to cluster thes
ncertainty sources into sub-categories. Eurther guidance on how uncertainty sources can b
pund is given in 4.4.3. These uncertainty sources will be called the ‘identified uncertaint
ources’. After experimental verification of the final uncertainty budget, a discrepancy ma
ppear between the actual and estimated uncertainty. One of the reasons may be that one o
nore relevant uncertainty sources were initially overlooked. Such an uncertainty source i
alled an ‘unidentified uncertainty source’. Of course, when an uncertainty assessment i
one for a new standardized measurement method, the aim is to assemble all relevan|
ncertainty sources.

< o0

—

XAMPLE Examples_(ofyUncertainty sources that have been previously overlooked are the common-mod
ermination of EUTcables and the mast structure of the receive antenna. The impact of the material an
onstruction of an™~EWYT positioning table was an identified uncertainty source. However, recently it becam
pparent that thiS trcertainty source is not adequately implemented in the CISPR standards by just specifying thg
he table shall-be.non-conductive and non-reflective e.g. like wood.

'~ D L D

Table 3 — Example of detailed standard induced uncertainty sources
for a radiated emission measurement

—Measturement———Measurement Envirommentat EYT-set tpP—amd Typr.: of EUT
instrumentation procedure conditions operation
= Site performance = Height scanning = Radiated ambient = Tolerances = Table top or floor
) . ) measurement standing
= Receive antenna = EUT table rotation |= Conducted ambient distance and height . ‘
performance . . = Dimension
_ L] Recewer_settmgs . Tem_p(_erature, * Set-up units
= Receiver (proper signal humidity
performance interception) = Routing cables
= Cable performance = Termination cables

= Modes of operation
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4.2.4 Summary of types of uncertainties

Previously, different types of uncertainties have been defined and used within CISPR. These
different types are summarised in Table 4.

Table 4 — Different types of uncertainties used within CISPR at present

Type of uncertainty Associated (categories of) Application
uncertainty sources
NreasurememntimstromeTmtation MeasurementimstrumeTmtation Quatity assessmemntof =
Yncertainty (MIU) measurement facility

(like U, given CISPR 16-4-2f

$tandards compliance uncertainty = Standard induced (including the Compliance measurements,
(BCU) measurement instrumentation; see

Table 2)

* Production and sampling induced

Neasurement method correlation = Standard induced (including the Comparison-of alternative
Uncertainty [i.e. case d), 4.2.2] measurement instrumentation; see | measurement methods

Table 2)
Bmission performance uncertainty of | Production and sampling induced Compliance measurements of mass
d mass-produced product produced products (quality

assurance, 80 %/80 % rule in
CISPR/TR 16-4-3)

4.2.5 Influence quantities

In practice the uncertainty in the result of a standardized measurement may arise from man
possible ‘uncertainty sources’. In a measurement standard each uncertainty source should b
gpecified in a quantitative way by using one “or more influence quantities. An ‘influencs
quantity’ can be specified in different ways, (For instance, the ‘electromagnetic ambient’ is ong
Uncertainty source. This uncertainty source can be quantified for example by bounding th
gbsolute value of ambient signals incterms of electric field strength as a function of the
frequency, as measured by the measurement system. Another more indirect ‘influencs
quantity’ is the specification of the.shielding performance of a test site.

00— 00—~

It may not always be easy. to translate a qualitative uncertainty source into one or mor
quantitative influence quantities. In practice it may not be possible to fully quantify a
dncertainty source. The_portion of the uncertainty source that is specified by an influencs
q
q

O———7=—®

uantity will be called a specified influence quantity. Influence quantities that are difficult t
uantify, but that ar€Jidentified as relevant, will be called ‘non-specified influence quantities’.

BEXAMPLE 1 The vheight scanning of the receive antenna’ is an uncertainty source (part of the categor
neasurementprocedure’ in Table 3). This uncertainty source can be made quantitative by two influence quantitieq
he ‘scan window’ and the ‘maximum scan step size’. In 7.2.4 of CISPR 16-2-3:2006, only the scan window (uppe€
nd lower_bound as a function of the measurement distance is given. The ‘scan window’ is a ‘specified influenc
uantity’However, in CISPR 16-2-3, the step size of the height scan is not explicitly given although it should b
lear"that the maximum step size (in relation to the scanning speed of the mast) influences the field maximisatior].
he“influence quantity ‘maximum step size of height scan’ is in this case a ‘non-specified influence quantity’. Thi
neertaimty-source ontyapptes whematretghtscam i certaimstepsts—performed—A—contimuous—scamwittetimmimat
this uncertainty source altogether.

o = - <

c =0 0O QO

[Oamy

EXAMPLE 2 In CISPR 16-2 series the uncertainty source ‘environmental conditions’ is an identified uncertainty
source (see the ‘measurement environment’ 7.2.5.1 of CISPR 16-2-3:2006 and 4.3.1 of CISPR 16-2-4:2003). This
uncertainty source can easily be translated into influence quantities like ‘temperature range’, ‘humidity range’, and
‘atmospheric pressure range’. In the CISPR 16-2 clauses mentioned, the ‘temperature’ and ‘humidity’ are identified
as relevant influence quantities for the product under test. The ‘atmospheric pressure’ is not considered a relevant
uncertainty source. However, the above-mentioned environmental conditions are not specified and even not
mentioned in relation to proper operation of the measurement equipment, such as the measurement receiver.
Consequently, the ‘temperature range’ and ‘humidity range’ are ‘non-specified influence quantities’. In general it is
expected that these environmental influence quantities will have a minor effect on the result of a disturbance
measurement. The impact is incorporated in the uncertainty contribution resulting from repeated measurements
(repeatability contribution).
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EXAMPLE 3 ‘Routing of cables’ is a well known and identified ‘uncertainty source’ (part of ‘EUT set up and
operation’ category in Table 3). In 7.2.5.2 of CISPR 16-2-3:2006 some requirements are given about the routing of
the cables. Specified influence quantities are ‘the position of the cable’ and ‘length of the cable’. However, it is
questionable whether the present description of these cable routing influence quantities is sufficiently strict to
reduce the resulting ‘reproducibility’ uncertainty to a certain value.

More examples showing the translation of ‘uncertainty sources’ into ‘influence quantities’ in a
radiated emission measurement are listed in Table 5. These examples show that it is
sometimes difficult to determine an influence quantity to adequately cover a certain
uncertainty source. We also see that some influence quantities are not specified or not
sufficiently specified. For example, the normalised site attenuation (NSA) is a figure-of-merit
for performance of a site for radiated emission measurements. The NSA characteristic is often
gvaluated using a broadband transmit antenna and a typical receive antenna (often the sam
type of broadband antenna as used for transmit) that may not be the same as themeceiv
gntenna used in the actual emission measurement. Therefore the evaluated NSA may-not b
q

= — D

representative figure-of-merit that applies to all types of EUTs (size, tablestop, floo
tanding) and for all types of receive antennas used in the actual emission test.

Table 5 — Examples (not exhaustive) of the translation of ‘uncertainty sources’ into
‘influence quantities’ for an emission measurement on an OATS per CISPR 22

Uncertainty source Influence quantity Specified in CISPR 2272 Tolerance given
Site performance Normalised site "= Yes Yes
attenuation
Radiated ambient Ambient noise level = No No
(Gonducted ambient Filter performance of a = Yes No
LISN
Receive antenna Antenna factor = Indirectly, through 4.4.1 Yes
gerformance of CISPR 16-1-4:2007
= Unbalance
* Yes
= Cross polarisation = Yes
= Yes
= Yes
$et up EUT units and = Position and orientation * Yes, partially = No
rputing of cables of units andgeometrical
position ef\cables
Termination of EUT = CM impedance = No = No
dables
Nodes of operation EUT = Modes of operation EUT | = Partially (qualitative) = No

For each respective-identified uncertainty source, one or more adequate influence quantitie
ghall be determined. From Table 5 and previous examples it can be observed that th
Uncertainty sQurces listed are not always covered by adequate ‘influence quantities’ and thg
ihfluence quahtities are not always specified by a quantity including a tolerance. This ma
lead to discrepancies between the actual uncertainty and the estimated expanded uncertaint
hased-on the uncertainty contributions from the list of specified influence quantities.

<"

4.2-:6 The measurand and the intrinsic uncertainty

Previous paragraphs have discussed that the uncertainty in the measurand is determined by
various uncertainty sources that may be described quantitatively by influence quantities.
During the development of a measurement standard, it is generally the goal to define the
specifications in the standard such that the resulting uncertainty budget complies with the
actual uncertainty. For a new proposed standard, the actual uncertainty is usually not yet
known. The actual uncertainty in a compliance measurement can be verified for instance by a
round-robin test or interlaboratory comparison. If a discrepancy appears between the
uncertainty actually achieved and the budgeted uncertainty, this demonstrates that one or
more relevant uncertainty sources are not identified, or that the influence quantities do not
describe the associated uncertainty source sufficiently, provided that the EUT-induced
uncertainties are eliminated. However, there is also a fundamental limitation due to the
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principle that a measurand cannot be completely described without an infinite amount of
information (see ISO/IEC Guide 98-3, D.1.1). In other words, if the uncertainty of the
measurement system were negligible, then the measured quantity would still be affected by a
minimum uncertainty that can be assigned to an incomplete description of the measurand.
This minimum uncertainty was defined as the ‘intrinsic uncertainty’ of the measurand (see
3.1.6).

As discussed previously, the intrinsic uncertainty may be quite significant in emission
measurements Thls is due for example to the fact that for an arb|trary EUT there are practlcal

DD

H

peration modes. Conversely, if the intrinsic uncertalnty of the measurand was negI|g|bIe the
ncertainty that is obtained for a standardised measurement can be attributed completely t
he specified influence quantities such as the measurement system specifications, the

ncertainties is considered in CISPR 16-4-2, and is briefly denoted as the ‘measuremenit
nstrumentation uncertainty’. It must be noted that the lack of specificationnof’ EUT-related
hfluence quantities in emission standards is an important reason that the intrinsic uncertainty
f the measurand is significant.

XAMPLE 1 The following two different ways of specifying a measurand may cause<significant differences in th
esult of the measurements:

1

) The maximum electric field strength emitted by the EUT located at 0,8 m-above a conducting ground plane anfl
measured at 3 m distance from the receive antenna, while the measuring antenna is scanned in heigh
between 1 m and 4 m.

—

j=x

) The maximum electric field strength of the EUT located at, 038 m above a conducting ground plane an
measured at 3 m distance from the receive antenna, while

a. the antenna is scanned in height between 1 m and.44n with minimum step of 0,1 m height;
b. the antenna is positioned in horizontal and vertical polarisation;

c. the EUT is positioned on a table that does.not disturb the result of the measurement;

d. the EUT is rotated in azimuth with anguiar steps of at least 15 °C;

e. the receive antenna is a tuned-dipole at each frequency.

Although a measurand shotld®be defined with sufficient detail such that any uncertainty
aused by its incomplete (definition is negligible in comparison with the required accuracy of
he measurement, it mustybe recognized that this may not always be practical. The definition
nay have been assumed, unjustifiably, to have negligible effects, or it may imply conditiong
hat can never be fully met and whose imperfect realization is difficult to take into account.
hadequate specification of the measurand can lead to discrepancies between results o
heasuremenis \of ostensibly the same quantity carried out by different test laboratories (ses
SO/IEC Guide 98-3, Annex D).

=R

174

XAMPLE™2 For instance, in general it is difficult in a standard to specify the required operational states of th
UT.¢Specifying that the highest emission shall be found as a function of frequency, all operational states of th

WD D

dignificant intrinsic uncertainty.

UT, and all possible cable routings give rise to impractical long measurement times, but also give rise to

Figure 3 illustrates the relationship between the uncertainty sources, the corresponding
influence quantities and the resulting uncertainties. This figure emphasises that the intrinsic
uncertainty of an emission measurement is the absolute minimum uncertainty with which a
measurand can be determined, due to the fact some influence quantities are not identified
and due to the fact there are limitations in the specification of influence quantities.
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All uncertainty sources
associated with the measurand

4 N

Identified Unidentified
uncertainty sources uncertainty sources

4 pN

Specified Non-specified
influence quantities influence quantities

v v v
Uncertainty due to

the specified influence
quantities (= MIU)

Intrinsic uncertainty
of the measurand

STANDARDS COMPLIANCE UNCERTAINTY

IEC 335/09

Figure 3 — Relationship between uncertainty sources,
influence quantities and uncertainty categories

4.3 Relation between standards compliance uncertainty and interference probability

4.3.1 General

(
gccurrence of a particular interference problem, caused by a given product or class
products, is reasonably low. In a probabilistic' sense, the measured level only represents
fijgure-of-merit of the interference potentialh” Therefore, the term ‘interference probability’ i
ihtroduced and is defined as the probability that a product complying with the EMC(
requirements will function satisfactorily (from an EMC point of view) in its normal usg
¢lectromagnetic environment. In geheral, determination of the interference probability is quits
gomplicated. This subclause déscribes how the interference probability is affected by thg
ghoice of the emission quantity.to be measured, its limit level and the standards complianc
yncertainty of this measurediquantity.

4.3.2 The measurand\and the associated limit

In contrast to classical metrology problems, in the field of EMC there has always been gre

g¢mphasis on_performing measurements using a specified and standardized method, rath

than ensurjng—traceability to a defined standard or S| unit. This has led to the use o
gtandardized measurement methods, like the CISPR standards, to meet legislative and trad
r
9
M

buch \methods are often referred to as empirical methods (see [27]). Furthermore, th
heasurand is defined by the measurement method used.

CISPR emission measurement methods are prepared to ensure that the probability %j‘

equirements. Consequently, results of EMC tests depend very much on the methods used.

O——0—0—7"

== —~

1”2

EXAMPLE The disturbance power measurement method is described in Clause 7 of CISPR 16-2-2:2003. The
result of this measurement (in fact a voltage measurement) depends amongst others, on the set-up of the EUT, the
scanning method of the absorbing clamp and on the settings of the measurement receiver. The measurement result

is not traceable to a defined disturbance power reference standard.

In EMC compliance tests, it is not the goal to measure physical quantities like voltages

currents, field strengths, etc. as direct quantities of interest. Instead, the measurand is a
derived or indirect quantity, i.e. a quantity that is assumed to provide a figure-of-merit for the

degree of a product’s EMC at the intended locations.

The measurand, its uncertainty and the level of the associated limit are related to the
interference probability. In Annex A, the relationship between standards compliance
uncertainty and interference probability is addressed in more detail. Because actual
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quantitative data is available, the annex is descriptive and qualitative in nature. Apart from the
description in Annex A, the subject of relating SCU and ‘interference probability’ will not be
described further because CISPR/H is responsible for this subject. This subcommittee is
tasked with the derivation of adequate measurands, limit levels and uncertainty constraints for
the limit levels.

The selected measurand shall be a relevant figure-of-merit from a practical EMC point of
view. The same is true for the allowed emission level (the limit level). A low emission limit will
result in low interference probability and vice versa. Also the uncertainty of a measurand may

Aff + t HP=E PN PP srababilidi—Can Aranthi—far o rho i TP~ T ) T rhointy ﬂ“j
oL UTC TCTTTTTTIVC PTUVAVITTTLy . CUTTOTYUTTIU Y, TUT A LTTuAallT T aoutrariy, 1o urivttiidirtity dil

the associated limit regarding an ‘interference probability’ assessment shall be performed-by
CISPR/H.

[0 indicate the relevance of a selected measurand in relationship to the interferencs
robability, a CISPR compliance test should include (for example in an annex)arationale fo
he defined measurand and for the associated limit, or should make reference*to’internationg
eports and available publications. Annex A provides an example on how,{he measurand, it
ncertainty and the corresponding limit level may affect the ‘interference_probability’.

= &
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.3.3 Process of determination and application of uncertainties

A summary of the major steps in the determination and application of uncertainties and the
ihvolvement of both CISPR/A and CISPR/H in this process are ‘depicted in Figure 4.

N7

CISPR/H (development_of limits)

e Define a relevant measurand, its¥imit level and its maximum allowed
uncertainty (see NOTE below)

Describe the rationale

1L

CISPR/A (development of test equipment specifications and test
methods)

e Define a.defailed specification of the measurand in relation to the test
method‘and test equipment

o Identify the categories of uncertainty and the uncertainty sources

o _(Specify and quantify influence quantities for each relevant uncertainty
source

¢ Set up of the uncertainty budget

e Validate the uncertainty budget in practice. In case of a discrepancy
between actual and budgeted uncertainties, the uncertainty sources
and influence quantities shall be reconsidered

Clo 1 4lo 4 } bl H 4lo ba ot H 4
v CLITTURN T atlual utietridirity  aydaliiot  urc  urnvoriditity  TTyYUIrcIimtcTit

imposed by CISPR/H

e Apply the uncertainty in the compliance criterion

IEC 336/09

NOTE |Ideally, the establishment of a limit should be accompanied by specifying a maximum allowable
uncertainty. At present, this may be an academic approach but in the future, CISPR/H should be responsible for
determining the limits and related maximum permissible uncertainties.

Figure 4 — Involvement of the subcommittees CISPR/H and CISPR/A in the
determination of the measurands and application of uncertainties
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n summary, it is important to recognise that:

a) the uncertainty of a measurand affects the interference probability;

b) all categories of uncertainties contributing to the SCU shall be considered when

performing an ‘interference probability assessment’;

c) it is considered the task of CISPR/H to provide CISPR/A with requirements on

measurands, limit levels and maximum uncertainties;

d) it is considered the task of CISPR/A to develop adequate measurement methods and

4

measurement nqllipmanf cpnr\ifir\gfinne for a2 certain measurand such that the limit levels
measUfement HpehRt HeaHOoRAS+o+—3a e HeasuHaRG—SsudeAnRatHhRe—HAHE aSaes

can be determined in a reproducible way and actual uncertainties comply with_&h
uncertainty tolerance set forth by CISPR/H.

1%

.4 Assessment of uncertainties in a standardised emission measurement
.4.1 The process of uncertainty estimation

h principle, uncertainty estimation is simple. The following subclauses summarise the tasks
hat need to be performed in order to obtain an estimate of the uncertainty associated with a
neasurement result. The steps to be considered are as follows (see-Figure 5).

Step 1 Define the purpose of the uncertainty consideration

~

L

Identify the measurand, its uncertainty sources

Step 2 and influence quantities
| |
Step 3 Evaluate the star)dard uncertaint.y of
each relevant influence quantity
sfepd Calculate the combined uncertainty and

expanded uncertainty

IEC 337/09
Figure 5 — The uncertainty estimation process

.4.2" Step 1: Definition of the purpose of the uncertainty consideration

As explained in 4.2.2, there may be different reasons for performing an uncertainty analysis.
Some examples of different types of uncertainties are given in Table 4. In the remainder of

t
t

his subclause it is assumed that the uncertainty analysis is performed in order to determine
he ‘standards compliance uncertainty’. In principle, however, steps 1 through 4 of Figure 5

are also applicable if the ‘measurement instrumentation uncertainty’ is to be determined. In

t

his case the ‘uncertainty sources’ and the ‘influence quantities’ to be considered will be a

subset of the ‘uncertainty sources’ and the ‘influence quantities’ that are applicable for
‘standards compliance uncertainty’ considerations.
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4.4.3 Step 2: Identifying the measurand, its uncertainty sources and influence
quantities

The definition of the measurand requires both a clear and unambiguous statement of the
quantity to be measured and a quantitative expression relating the value of the measurand to

t

he parameters on which it depends (influence quantities). These parameters may be other

measurands, quantities that are not directly measured, or constants.

EXAMPLE 1 Suppose the measurand for a radiated emissions measurement is specified as follows:

O S5 —h 0y (p — — S

he maximum electric field emitted by the EUT located at 0,8 m above a conducting ground plane and measurefl
t 3 m distance from the receive antenna, while the measuring antenna is scanned in height between 1 m and4.m}

his definition is still ambiguous, because several relevant parameters like scanning step size of the|receive
ntenna, polarization of the receive antenna, set-up of the EUT and cables, type of receive antenna, environmentgl
onditions, test site requirements, etc, are not provided.

 must be clearly stated whether sampling is included in the process. If this'is“the case, an
stimation of uncertainties associated with the sampling procedure is<to- be considered
application of the 80 %/80 % rule, see CISPR/TR 16-4-3).

A comprehensive list of relevant sources of uncertainty should be compiled. At this stage, it i
ot necessary to be concerned with quantifying individual components.

h order to identify uncertainty sources and influence quantities, it may be helpful to considef
ach specification and statement of a (concept) standard \as a possible uncertainty source or
hfluence quantity. Also, each step in the measurement procedure represents, in principle, a
ossible source of uncertainty.

A\ cause and effect diagram (sometimes known<as a ‘fishbone’ diagram [27]) can be used t
st the uncertainty sources, indicating their-felationship and influence on the uncertainty g
he measurement result. This way of documenting also helps to avoid double counting o
ources. Although the list of uncertainty, sources can be prepared in other ways, the caus
nd effect diagram is preferred. An example of a fishbone diagram is given in Figure 6. Thi
gure shows the various uncertaginty sources associated with the absorbing clam
heasurement method. The uncertainty sources are grouped into categories, similar to the
ategories given in Table 3.

o0 ——=—= O

Dther examples of categories of uncertainty sources that are typical for emissiong
neasurements are shewn’in the Tables 2 and 3 of 4.2.3.

'he next step iscie“convert each uncertainty source into one or more influence quantities. In
.2.5, a method jis provided to relate uncertainty sources to influence quantities. In 4.2.5 and
h Table 5 somé examples are given — a further example is given below.

XAMPLE=2 An EUT support and positioning table is an ‘uncertainty source’ for the results of a radiategd
missions” measurement. This uncertainty source can be related to one or more influence quantities, in differer
ays:

—

precise specification of the type of material and construction, e.g. the table material shall be dry oak plywood,
the maximum thickness of the table top shall be 10 mm and no metallic construction components shall be
used.

2. precise specification of the electrical properties of the table material, e.g. by specifying the maximum values

for relative dielectric permittivity and the loss tangent.

3. requiring that the positioning table shall be integral part of the site validation process for the radiated emission

measurement facility, i.e. the table shall be put in its normal position during the site attenuation
measurements.

The first approach is limited. Dry oak plywood may not be the same in each part of the world and ‘dry’ needs to be

S

pecified. The moisture content could be an ‘influence quantity’ for this source of uncertainty. The second

translation into influence quantities has limitations because construction constraints need to be provided as well
and it is difficult to directly relate the electrical properties into a specific effect on radiated emissions measurement
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results. The third specification allows many possible implementations for a positioning table. The influence quantity
is specified in terms of a contribution to the NSA degradation of the test site. Compared to the first two
approaches, this way of specification is integral and the resulting figure is more closely related to the uncertainty of
an actual measurement.

Influence quantities that are difficult to specify or which cannot be specified at all (non-
specified influence quantities) shall be included in the uncertainty budget as well, despite this
difficulty. This can be done by assuming a range of values for the influence quantity under
consideration or by considering a range of possibilities for the uncertainty source. For
instance, the uncertainty source ‘routing of cables’ (fourth column of Table 3) may be difficult
to specify Experimental statistical variation studies can he performed using different classes

qf EUTs in order to derive the uncertainty associated with this uncertainty source.

o

\fter the identification of specified and non-specified influence quantities and the associated
plerances, the uncertainty of the measurement result must be determined. This can ‘be dong
By modelling of the standardised measurement method or by experiments.

—

D

SET UP
EUT MEASUREMENT
Wire - PROCEDURE
Influence type Recei .
of EUT Clamp - eceiver settings—~

reproducibility - oy
Measurement cable - Clamp gCwing

>

OVERALL
UNCERTAINTY

Receiver performance - Climatic -
ambient

Test site performance -
P Electromagnetic -

Clamp performance - ambient
Operator -
influence
MEASUREMENT
INSTRUMENTATION ENVIRONMENT

IEC 338/09

Figure 6 — Example of a'fishbone diagram indicating the various uncertainty sources for
an absorbing clamp’compliance measurement in accordance with CISPR 16-2-2

D

.4.4 Step 3: Evaluate the standard uncertainty of each relevant influence quantity

-
=

'he methods te“derive the uncertainties associated with influence quantities are described i
detail in JSO/IEC Guide 98-3 and in [39] and [46]. For convenience, the major aspects o
hese methods are repeated below.

—
)

The- effects of uncertainty sources and influence quantities on the measurand should, in
I;IIb;p:U bU IUHIUOUIItUd by [=} fUIIIIa: IIIUGDUIUIIIUIIt IIIUdC:. Th;c IIIUdC: VV;” ;uu:udc Cabh cffcut
as a parameter or variable. Such an equation represents a complete model of the
measurement process in terms of the individual factors affecting the measurement result. For
EMC measurements this function can be very complicated and it may not be possible to
formulate it explicitly at all. Where possible, this should be done, as the form of the
expression will generally determine the method of combining individual uncertainty
contributions.

In general, the measured emission level L, (the output quantity) will depend on a number of

specified influence quantities xg; (i = 1,2,...,n) and a number of non-specified influence
quantities Xy, (j=1.,2,....k).
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L :f(xs,hxu,j) (1)

For each influence quantity x the standard uncertainty U(x) shall be determined. All standard

uncertainties can then be combined into the ‘combined uncertainty’ (see Step 4 in 4.4.5).

As a consequence, the overall uncertainty U(L,) of the measured level L, is a combined

nr\nri‘ninfy that can fnrmﬂlly be written as a total differential

k n k
oL
U(Lm) = Z_b Xs,i) Z_baxum~ (xu,;) = ch,iU(xs,i)+ Zcu,jU(xu,j) (2
=1 %%, j i =

h Equation (2), ¢ ; and ¢y, are the sensitivity coefficients, given by the paftial derivatives o
ssociated with that influence quantity.

$ensitivity coefficients are usually unknown because the coefficients depend on specified a
well as non-specified (unknown) influence quantities. A model describing the relationshi
hetween the measurand and all influence quantities is~téquired in order to estimate th
magnitude of the sensitivity coefficient (see also ISO/IEC)GUide 98-3).

The influence quantities can be categorised in type™A’and type B categories. The type A an
type B distinction is widely used and is for convenience of the discussion only. Both types o
gvaluation of standard uncertainties of influence quantities are based on knowledge of thg
probability distribution associated with the influence quantity.

Type A standard uncertainties are caleulated from a series of repeated measurements usin
gtatistical methods. The type A standard uncertainty applies the standard deviation of thg
mean of the repeated measuréments. The standard uncertainties of type B influencs
quantities are evaluated using“-available knowledge. For example, data from calibratio
gertificates, previous measurement data, manufacturers specifications or other relevant data.

h compliance emission‘measurements, the uncertainty in the result of a measurement can b

I

f

Uncertainty estimates can only be determined based on a model that describes th
relationship betwéen the measurand and all relevant specified and non-specified influencs
quantities. Onlywhen a model is available, the propagation of an uncertainty U(x,), associate
with the i-th-influence quantity x; into the overall uncertainty contribution U(L,) to th
r

i
$ee also 4.4.5. The model required may be an analytical or a numerical model. It should bg

I
the level with respect to the influence quantity x, while U(x) represents the uncertainty

prmally expressed by Jan interval centred on the actual measured value of the measurand.

heasurahd) L, is known. Mathematically, U;(L,)=c¢; xU(x;) must be known. The quantity 4
i called ‘sensitivity coefficient’. Among other parameters, ¢; may be frequency dependent.

>—0—0<C O—= oo —h

o D
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Therefore it is more convenient to apply repeated measurements and statistical methods in
order to estimate the magnitude of the standard uncertainty associated with the type A
influence quantities. The existing uncertainty guides like LAB34 [46], M3003 [39] and ISO/IEC
Guide 98-3 give detailed guidance on this matter. Note that for statistical experimental
uncertainty investigations, it is also a good practice to use specific EUTs, such as reference

EUTs, or EUTs that can be numerically modelled, i.e. ‘calculable EUTs’ (see also 4.5.4).

4.4.5 Step 4: Calculation of the combined and expanded uncertainty

The steps to be taken to derive the combined and expanded uncertainty of the measurand are
described in detail in ISO/IEC Guide 98-3 and in [39] and [46]. For convenience, these steps

are repeated below.
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If U(Ly) can be written as a linear sum of uncertainty contributions *c

pU(x,), as assumed in

Equation (2), and the sign of each contribution is generally unknown (only the interval around

a quantity x

» is known), then the ‘combined standard uncertainty’ U.(Ly) can be written as:

m

UelLmn(/)]= \/ 3 e, (xULx, (NP (3)

p=1

—=h <

vhere m = n+k. To emphasise that U.(Ly,) is actually a function of the frequency ¢fthg
requency dependence has explicitly been indicated in Equation (3).

A1

OTE In CISPR 16-4-2 it has been assumed that Uc(Lm) is frequency independent without stating a rational

br this assumption. In addition, in CISPR 16-4-2 it has been assumed that Equation (3) is always applicable. Thi
b generally not the case as is demonstrated, for example, in 6.4.4.

D

'he expanded uncertainty U(L,) shall be determined from the combifted uncertainty using
Fquation (3) and the Equation (4) below:

U(Lm):kXUc(Lm) (4)

vhere k is the coverage factor. For EMC measurements, it is general practice to apply
overage factor k£ =2 that corresponds with a 95 %.level of confidence when the number g
egrees of freedom is large. This expanded uncertainty, with a 95 % level of confidence, wi
e used for all further discussions of uncertainties. This means that if the term ‘measuremen]
hstrumentation uncertainty’ is used for example, the ‘expanded uncertainty’, due to thg
neasurement instrumentation uncertainty.sources, is referred to.

— — —h M

D

\s discussed in 4.3, the maximum_-allowable magnitude of the combined uncertainty U(L,,

nay be found after considering thesinterference probability. This consideration should result i
he specification of the limit level L, for compliance determination, reflecting the agreed levdl
f interference probability. £hen U(L,,) shall be defined in a way that makes its influence on
he interference probabijlitylow. If this is not possible, L, has to be adjusted to a level that
vill provide the same, interference probability.

.5 Verification,of the uncertainty budget
.5.1 Introductory remarks
[he validity of the uncertainty estimates, obtained through the steps given in 4.4, shall b

erified~when a new standard or an amendment is developed. A verification of th
measurement compatibility’ (see 3.1.12) can be done by the following experimental means:

O

a) comparison of measurement results and uncertainty budget obtained from two different

test laboratories, or by

b) execution of an interlaboratory comparison and statistical evaluation of the results.

Also the application of a ‘calculable EUT’ or a ‘reference EUT’ is useful to evaluate certain
aspects of the uncertainty budget. These verification methods, their purposes and application
are described in more detail in the next subclauses. Other information about comparison of

r

esults is given in [51].
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4.5.2 Test laboratory comparison and the measurement compatibility requirement

4.5.2.1 Results from two laboratories

The uncertainty of a measurement result can be expressed by an interval AL, containing the

t
t

rue value of the emission level L;. In the metrology field, this interval is hormally stated
ogether with its confidence level. If L, is the upper boundary of the interval and L, the lower

boundary, with L, - L, = AL, the interval AL only has a relevant meaning if the following
simple relation is satisfied:

=

o __—

W Q) N~ 0 o 8

L<L <L (5))

vith a certain level of confidence. Similarly, if L., is the measured emissionevel, th
elationship L <L, <L, has to be satisfied with a certain level of cofifidence. Thg
hterval AL, includes the (weighted) contributions of the uncertainties associated with th

pecified and the non-specified influence quantities. This interval can be‘expressed in term
f the expanded uncertainty:

O

D

ALy, =2xU(Ly,) (6

'he level of the measurand L, and the associated uncértainty interval AL, can be used tp

erify the validity of the uncertainty estimate by checking the measurement compatibilityf:
vhen two independent measurements, carried ¢out on the same product and both
heasurements being completely in accordance wjth the standard, yield measurand level
|1S Lm1 < L1U’ with ALm1 = LU1_L|1 and L|2 < Lm2 < LU2’ with ALmZ = LU2 - L|2, while ALm1
nd AL, both have the same confidence Jevel, then the following relationships must be¢
atisfied:

o

Ly<Lyp and  Lp <Ly (7))

\s an illustration, Figure 7<shows a situation in which these two relationships are satisfied),
vhen using (L1, Ly1) and((Di2, Ly2). Since there is an overlap of the intervals ALy and ALy,
he intervals associated.with the assumed measurements have a realistic meaning as, with
he associated confidence level, the true value of the emission level is within both intervals at
he same time. Also-shown in Figure 7 are intervals ALy yq and ALyy. (see also NOTE 2),

etermined by the measurement instrumentation uncertainty Uy, as derived in [29],

hcluding only. Measurement instrumentation uncertainty. Since the latter uncertainties form a
ubset of/the total set of relevant uncertainties in a compliance test, it is to be expected th
he interval ALy is smaller than an interval AL, associated with the standards complianc

nceértainty. In the example of Figure 7 there is no overlap of the intervals determine
y-ALyu - Hence, the true value of the emission level cannot be in both intervals ALy, at th

same time. In other words, these ALy, intervals do not satisfy the minimum requirement to
be set to a realistic uncertainty interval.
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\ Ly1
AL AL L
m1 MIU1 @®Lm1 Result
test laboratory 2
! Liq
L
'

Result
test laboratory 1

Lo @ ALmiuz  |ALm2

Lyp J
IEC 339/09

NOTE Equation (7) is satisfied when using the standards compliance uncertainty intervals ALy and ALy, bd

if is not satisfied when using the measurement instrumentation intervals determined by ALyyyq and ALyuz2 -

Figure 7 — lllustration of the minimum requirement (interval compatibility requirement)
for the standards compliance uncertainty

In regard to the non-specified influenee quantities, it is the task of the standards authors t
provide the procedure for the quantitative determination of AL, in each standard that require
he inclusion of uncertainty considerations.

—

NOTE 1 This procedure does (hot 'need to be published if the standard specifies a fixed value for the uncertaint
interval which allows the test laboratory to demonstrate compliance with the CISPR specified tolerances of th
dpecified influence quantities,.e.g. as in 4.5.2.3 of CISPR 16-1-5:2003.

NOTE 2 The relationship between ALMIU and measurement instrumentation uncertainty UCISPR published i
[R9] is given by Eguation (6), i.e. ALyu =2UcspR -

4.5.2.2 Correlation of results

Thewncertainty of a valid measurement result shall be such that compatibility with all othe
vyalid measurements of the same measurand and the same EUT is ensured. The compatibilit

—

o

=<

1

=y

1 H—~ H ool 4l 1 £ 41 H Y ] Tl N H Y HS H 1+ £ [H FH
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N

of the criteria for the combination of uncertainties to the uncertainty of the difference between
two results. Two results of measurements are deemed to be compatible with each other when

they are expressed by intervals such that

U12=\/(U%1+Ur$12_2rum1Um2) (8)

where Uqo is the uncertainty of the difference of the two measurements and r is the

correlation coefficient of the two measurements. If the two measurements are completely
uncorrelated, then »= 0 and the two intervals must be partially overlapping for compatibility. If
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they are totally positively correlated, then »=1 and U, =Uy-U,, and compatibility requires
complete overlapping. If they are anti-correlated with r=-1, then Uy, =U;+Usand the

overlapping of the two intervals may be reduced to one common element for compatibility.
The assessment of compatibility is therefore related to a determination of the correlation
between the several measurements, which may be difficult and will require much care in the
statistical analysis of the data.

The minimum requirement for the uncertainty interval derived by two different test laboratories
and applied to the measurement result of these test laboratories, is their overlap. If no overla
exists, it may be concluded that not all uncertainty sources and influence quantities are taken
i
I

hto account, which means that the specifications of the influence quantities are not adequate.
h this case, the standard must be revised to avoid these reproducibility problems.

D

.5.3 Interlaboratory comparison and statistical evaluation

—

from a statistics standpoint, it is advantageous to perform verification measurements a
everal sites, and analyse the results using statistical methods instead of ‘comparing result
rom two test laboratories (as described in 4.5.2). Such a series of measurements is ofte
eferred to as interlaboratory comparison, site reproducibility program_or round-robin test. Thg
xpression ‘round-robin test (RRT)' will be used in the remainder ofhis subclause. A RRT i

statistical and experimental means to verify the uncertainty budget of a standardise
mission measurement. This subclause provides guidance on-the organization of an RRT t
e used as a verification procedure.

oD 0 MDD S —h n T
OO0

General information on the organisation of a RRT can“be found in e.g. EAL-P7 [26]. Thi
document provides information on basic principles&the planning, preparation, execution an
reporting of a RRT. A specific example of a RRT¢is included in [29]: the document provide
r
r

= 50—

esults of a RRT and the set up to investigate thé.uncertainty sources of the radiated emissio
heasurements as specified in CISPR 22 in the\frequency range of 30 MHz to 300 MHz.

o

For the purposes of emission measurement uncertainty budget verification it is important t
garefully define the goals of the RRTvand the EUTs to be used. Basically, there are two
gptions for the EUTs involved:

1) a reference EUT: an EUT that is very stable and that has the lowest possible intrinsi
uncertainty. Optically_or\‘battery fed reference radiators that consist of a very stabl
generator portion and_a rigid and reproducible radiating portion are frequently used fo
this purpose. Use of.a reference EUT basically allows information to be gained about th{
measurement instrumentation uncertainty of the (draft) standard under consideration.

"0

DY
~

a real EUT:@nvEUT that is very stable, but that is real in a sense that it resembles, fof
example, typical floor standing equipment or typical table top equipment. When using a
real EUT{information is collected about the standards compliance uncertainty for the¢
class~of products covered by the type of the EUT that is selected (large, small, floor
standing, table top, single unit, multiple units, battery fed etc.).

|
L ==

he_test plan circulated with the EUT shall be the same as the (draft or amended) standar
thatiis Qllhjn{‘f to verification

To ensure proper analysis of the results, it is important to establish a standard data format for
the participants to use when reporting the results. Furthermore, additional information is to be
requested (e.g. about equipment and automation software), in order to verify the validity of
the submitted results.

In addition to the measurement data, it is also important to request the uncertainty budget
from the participants. Annex D provides an example showing how the RRT data can be
analysed and compared to the result of the uncertainty assessment (which was derived
following the steps given in 4.4).
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4.5.4 Application of a ‘calculable EUT’

This subclause provides some guidance on the use of a calculable EUT for the verification of
an uncertainty estimate. All relevant influence quantities of a ‘calculable EUT’ should be
specified and the associated uncertainties can be determined following the classical
metrology approach as given in ISO/IEC Guide 98-3. For that reason, a calculable EUT can

be used to verify an uncertainty budget.

The approach using calculable devices is applied successfully to the validation of the antenna

Galibration site (described in Clause 4 of CISPR 16-1-5:2003) In this case,so-called

galculable dipole antennas are used to validate a calibration test site (CALTS).

pst laboratory’s ability to carry out CISPR-standardised compliance measurements. Thi
nethod is also applied in a part of the CISPR/A radiated emission round-robin test’reported i
P9].

— N+ rn

An important condition for the use of a calculable EUT is the availability of a validate
gimulation model for the measurements to be performed.

The lack of a validated model presents a problem for seyeral practical EMC emissio
measurements. If a validated simulation model is available, several aspects of the influencs
quantities could be analysed by performing a parameter study, using this model. Modelling o
the measurement set up and using a calculable EUT may_provide information about intrinsi
Uncertainties associated with the physical aspects of the'standardized measurement. It shoul
Be noted that such modelling generally does not provide information about uncertainties i
gertain parts of the measuring chain such as the measuring receiver.

D

.5.5 Application of a ‘reference EUT’

Reference EUTs are often used as EWFs for interlaboratory comparisons (see 4.5.3). It ca
Iso be used for a quick integral verification of test facility characteristics. Integral verificatio
heans that the characteristics of-individual parts of the measurement chain (cables, antenna

/

i

M

t

facility, the measuring chain ‘consists of the site, the receive antenna, the antenna cable an
the receiver/analyser. Vafious CISPR specifications apply for these parts of the measurin
¢hain and much effort is_required for periodic verification of these specifications. Therefore,
neference EUT can (be' used as a transfer standard to verify complete sections of thq
measurement chainsjlrhe measurement results can be used to establish an internal referenc
for a specific measurement. The validity of this approach depends on the stability of th
gource withinythe reference EUT and on the reproducibility of the reference set-up an
gonfigurationin the measurement facility.

The"measurement with the reference EUT can be repeated from time to time. The periodicall

bimilarly, the application of a calculable EUT also would allow a quantitative assessment of a

\ ‘reference EUT’ is an emission source with specified and stable emission properties.

pst site, etc.) are evaluated together. For example, in a radiated emission measuremen

H—~o—e-

The reference result obtained from a careful reference EUT measurement shall be recorded.

N

»]

n

i
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gbtained data can be compared with the reference results; and, since the intrinsic uncertaint

related to these measurements is low, it can provide information about the measuremen
instrumentation uncertainty [see Figure 1 b)]. Therefore, a pass/fail criterion shall be applied

t

that is related to the magnitude of the measurement instrumentation uncertainty of the

measurand (see 4.7.4).

4.6 Reporting of the uncertainty
4.6.1 General

This clause provides guidance for the reporting of uncertainty considering the following two

cases:
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reporting of results of uncertainty assessments as part of the development process of a
new standard or in case a test laboratory has to determine its own uncertainty budget, for
example to meet the requirements for accreditation in accordance with ISO/IEC 17025;

reporting of uncertainties related to routine emissions compliance measurements,
performed by a test laboratory.

4.6.2 Reporting results of uncertainty assessments

The information necessary to report the result of an uncertainty analysis is dependent on its

i
r

Pl

—+

% DY

fd 1

— o~

)
)
)

htended use. The guiding principle is to present sufficient information to allow the result to-bé
e-evaluated if new information or data becomes available.

Vhen details of the uncertainty analysis, including the method of determination, depend on
ublished documentation, it is imperative that this documentation is clearly referenced.

A complete report on the determination of the uncertainty should include ififormation related
p the steps described in 4.4 and 4.5 and address the following:

[he estimate of the magnitude [item 3)] shallinclude:

'he data and analysisyshould be presented in a way that the major steps in the process can
e easily identified @nd the calculation repeated if necessary.

.6.3 Uncertainty statements in routine compliance measurement results

Vhen a tést'laboratory is to report the results of emissions measurements, it may be sufficienit
p onlysstate the value of the expanded uncertainty and the value of %, along with a referenc
p the ‘applicable internal uncertainty assessment report.

statement, declaration of the purpose of the uncertainty analysis;
identification of the measurand, its uncertainty sources and influénce quantities;

determination of the uncertainty magnitude of each relevant influence quantity, either by
modelling or experimentation, as a function of certaify parameters such as frequency,
types of EUTs, etc.;

calculation of the combined uncertainty and expanded uncertainty;
verification of the uncertainty budget;
listing of reference documents (if applicable):

a description of the methods used to-calculate the measurement result and its uncertainty
from the experimental observations and input data;

the values and sources of all corrections and constants used in both the calculation and
the uncertainty analysis;

a list of all uncertainty(Components, along with a detailed description of their evaluation.

D

4.6.4 Reporting of the expanded uncertainty

Unless otherwise required, the result L, of an emissions measurement should be stated
together with the expanded uncertainty U(Ly), calculated using a coverage factor k£ = 2 [as
described in Equation (4) of 4.4.5]. The following form of reporting is recommended:
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<Result>: < L, £U(Ly,) > <unit>

where the reported uncertainty is an expanded uncertainty, as defined in ISO/IEC Guide 98-3
and calculated using a coverage factor of 2 which gives a level of confidence of approximately
95 %.

The coverage factor should, of course, be adjusted to show the value actually used. However,

(

—h

Q)

*[The reported uncertainty is an expanded uncertainty calculated using a coverage factor of 2, which gives a levq

por EMC testing, it Is a general practice to apply a coverage factor £ =2 that corresponds to a
evel of confidence of approximately 95 %.

XAMPLE Maximum disturbance power: [(39,5 + 4,3) dB(pW)]. *

f confidence of approximately 95 %.

[he numerical values of the result and its uncertainty should be stated:with appropriatg
esolution; a large number of digits should be avoided. For the expanded uncertainty o
missions measurements, it is not necessary to provide more than one significant digit for th
ncertainty expressed in dB. Results should be rounded to be consistent with the uncertaint
iven.

<D=t

.7 Application of uncertainties in the compliance critérion

.7.1 Introductory remarks

711 Compliance determination scenarios

7111 General

Compliance of an EUT to emission requirements requires that the disturbance level be beloy

particular limit. The uncertainty of an_emission measurement result has an impact on th¢
ass/fail determination. The following/two scenarios should be considered:

=

N7

A1

) The limit was established (without consideration of an uncertainty applicable to th¢
measurement method; or

) The limit was established with consideration of an uncertainty applicable to th¢
measurement methaod.

14

71.1.2 Judging compliance with uncertainty being considered

Lonsidering scenario 1) of 4.7.1.1.1, it is necessary to take into account the uncertainty of th
heasurement{method when determining compliance with an emission limit. This leads to thg
pllowing four cases (see Figure 8):

O

) thé~measurement result exceeds the limit level, by a margin greater than the expanded
uncertainty value applicable to the measurement;

J_the measurement result exceeds the limit level, by a margin less than the expande
uncertainty value applicable to the measurement;

c) the measurement result is below the limit level, by a margin less than the expanded

uncertainty value applicable to the measurement;

d) the measurement result is below the limit level, by a margin greater than the expanded

uncertainty value applicable to the measurement.

Case a) may be interpreted as a situation of non-compliance with a confidence level of 95 %.
This is because the lower limit of the expanded uncertainty range of the results at 95 %
confidence level is above the limit level.
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Case b) may be interpreted as a situation of non-compliance with a confidence level of less
than 95 %. This is because the lower limit of the expanded uncertainty range of the results
at 95 % confidence level is below the limit level.

Case c) may be interpreted as a situation of compliance with a confidence level of less
than 95 %. This is because the upper limit of the expanded uncertainty range of the results
at 95 % confidence level is above the limit level.

Case d) may be interpreted as a situation of compliance with a confidence level of 95 %. This
5 because the upper limit of the expanded uncertainty range of the resulis at 95 % confidencé
Ilevel is below the limit level.

Cases b) and c) will require individual consideration, for example based on any agreement
hetween the user of the data, the manufacturer of the EUT or the re-testing party. Both partie
may apply different compliance criteria, depending on the purpose of the€ conformit
r

= v v 2

ssessment and the risks involved. Similar compliance considerations ™ for emissio
heasurements are given in LAB 34 [46].

Case a
Caseb
Casec Emission limit level
(without consideration of
T Cased measurement uncertainty)
<« Measurement Expanded
result uncertainty range

IEC 340/09

Figure 8 — Graphical representation of four cases in the compliance determination
process without consideration of measurement uncertainty during limits setting

47113 Judging compliance when uncertainties were considered during limits
setting

Considering scenario 2) of 4.7.1.1.1, a judgement of compliance depends upon:

3) the amagunt of uncertainty determined by the test laboratory to be applicable to thq
measurement;

D

B) the amount of uncertainty that was considered when the limit level was established.

Asdistussed 4.3, CISPRYHshoutddetermime and document the uncertainty attowance that
was used to establish the limit level.

If the value from a) exceeds that from b), then the value from a) minus the value from b) shall
be used as the uncertainty, and product compliance shall be determined as above for
scenario 1).

If the value from a) is less than or equal to that from b), no consideration of measurement
uncertainty is required in the determination of compliance, which leads to the four cases a)
through d) shown in Figure 9. This situation is covered in CISPR 16-4-2, where a clear
approach for the pass/fail determination of a device that takes the MIU into consideration is
provided.
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For this situation, cases a) and b) fail, while cases c¢) and d) pass.

i
t

Case a
Case b
. . - . .
Case c Emission limit level
® (with consideration of
L‘ase d IIIUGDUIUIIIUIIt ullbcﬁa;llty)
@

Y <« Measurement
result
IEG_ 341/09

Figure 9 — Graphical representation of four cases in the compliance determination
process with consideration of measurement uncertainty during.limits setting.

.71.2 Consideration of uncertainty categories

h the preceding subclauses, two different scenarios are (déescribed for the complianc
ssessment process. In the following, effects of different catégories of uncertainties are take
hto account. These different categories of uncertainty are’ used in various test application

ncertainties result in an overall uncertainty U(L,,) as.shown in Figure 10.

UNT \
SCuU

IEC 342/09

Figure 10 — Generic relation between overall uncertainty of measurand
and some major categories of uncertainties

Figre'10 illustrates that generally a certain number of independent uncertainties contribute t
e-overall uncertainty of an emission measurement; the concept is formulated in Equation (1

see also 4.2.2, 4.2.3 and Table 4). It can be assumed that the different categories o

= oD

D
)

as well. This concept can be explained by assuming that the overall uncertainty is equal to the
root of the sum of the squares of a number of uncorrelated uncertainty contributions that are
expressed as standard uncertainties:

2 2 2
U(lm) = \/UMIU +Uint +Ups (9)

where

UlLm) is the overall uncertainty of the measured level L, involved for a

particular application,
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Umiu is the measurement instrumentation uncertainty that was determined for a
specific test set-up in accordance with CISPR 16-4-2,

UINT is the intrinsic uncertainty of the measurand, and

Ups is the uncertainty due to the spread of emission performance of the total
population of manufactured products.

Figure 10 helps to identify the relevant uncertainty contributions for different applications|.
furthermore, different parties involved may be able to influence or limit only some uncertainty
ategories, but not all of them, i.e.:

A test laboratory may only have direct impact on the MIU through the use of-adequate teg
equipment and test sites and by performing calibrations and validations. Typical state-of
the-art test equipment and test sites have a lower bound of uncertainty- Therefore, th
MIU cannot be reduced to an infinitely small value, due to practical and economicg
considerations.

— WU T~

The intrinsic uncertainty of the measurand is an intrinsic property of the EUT associated
with certain types of EUTs in combination with the {measurement method and
measurement procedure. This intrinsic uncertainty is beyond the control of a test
laboratory. It is an intrinsic property of a certain type_of EUT in combination with the¢
standardized measurement method. Standardization.bodies are responsible for reducing
the intrinsic uncertainty of a measurand as much as possible.

The unintended emission properties of a product depend on tolerances of functional electrice
properties of the product. Also manufacturing; tolerances and parasitic (non-functiona
electromagnetic properties of components,*wiring and modules determine the emissio
performance of a product. Consequently the'emission performance of the total population g
manufactured products is a variable with.@ certain probability distribution. The spread of th
emission performance of the total population of manufactured products can be considered a
an uncertainty if compliance tests, are done with a limited sample size. The spread of th
emission performance is determined by the design and manufacturing. The uncertainty i
determined by the statistical,~'property of the involved product (spread of emissio
performance) and by the sample size. Therefore the associated uncertainty and the manner i
which this uncertainty is.\considered in the pass/fail criterion is the responsibility of th
manufacturer (i.e. 80 %/80 % rule; see also 4.7.3).

== ==

he possibility to control or minimize certain categories of uncertainties should be considere
vhen compliance criferia are developed. Rationales and options to limit certain categories o
ncertainties will-vary depending on the parties involved, e.g. manufacturer, test laboratory
tandards body,/or authorities. The burden of the different uncertainty categories should b
bllocated’ to-'the parties involved in the conformity assessment process who are able t
ontrol a\specific uncertainty category in question. If such allocation is not possible, or if
everal‘\parties are responsible, then ‘shared-risk’ concepts should be used. In the “shared
isk*.concept the measurement results of the test laboratories are accepted by all parties

—h =

Oo— =

d
S
i
i

hvolved without consideration of measurement uncertainty. Each party accepts that there is &

r

ISk for over- or under-testing of the EUT.

Because different categories of uncertainties apply for different applications, different
uncertainty budgets and different acceptance criteria may also apply for different applications.
Table 4 shows some examples of different applications and the associated categories of
uncertainties. In the following subclauses, the compliance (pass/fail) criteria are considered
for a number of applications in more detail, i.e.:
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a) manufacturers’ compliance criterion for compliance measurements (4.7.2);
b) compliance criterion for mass-produced products (4.7.3);

c) compliance criterion for quality assurance tests (4.7.4);

d) application of uncertainties in re-testing (4.7.5).

4.7.2 Manufacturers’ compliance criterion for compliance measurements

In CISPR 16-4-2 the following compliance criterion is used: the measured level is in
campliance with the limit if

Ly €Ly and Ly +U(Ly) < Lijm + Ugispr = Letf (10)

],

[his criterion is shown in a graphical form in Figure 11, where Usispr is an agreed (default
quantity, specified in Table 1 of CISPR 16-4-2:2003, for different types of disturbanc
measurements.

~

1”2

This compliance criterion means that if the uncertainty of a test laboratory exceeds an agreed

yalue Ugisp, the excess U(Ly)—Ugispr shall be taken into account when determining pass/fa

ggainst the limit Ly, .

The magnitude of the agreed value Ucisprquantity shall) reflect that a test laboratory, usin
gtate of the art equipment, facilities and procedures,~may typically comply without having t
take into account the ‘penalty factor' U(Ly)-Uggy'- It should be noted that the valu

of U,

cispr

D—0OoO

is based on measurement instrumentation“influence quantities only.

Lt

Ucispr
UEm)

Q..

IEC 343/09

Figure 11 — Graphical representation MIU compliance criterion
for compliance measurements, per CISPR 16-4-2

4.7.3 Compliance criteria for mass-produced products (80 %/80 % rule)

For type testing of mass-produced articles, the spread in results of emission measurements is
addressed, for the uncertainty point of view, by the following two methods (see
CISPR/TR 16-4-3):

1) testing of one representative sample of the product, and with subsequent periodic quality
assurance tests, or;

2) testing of a representative and finite number of samples, with statistical evaluation of the
measurement results in accordance with the 80 %/80 % rule.
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The compliance criterion for these two cases is different. In the first case (i.e. periodically
testing one sample), the product passes as long as the limit is not exceeded. In the second
case, a penalty margin is incorporated in the compliance criterion that depends on the number
of samples (student’s-t distribution), or the results are compared directly with the limit and a
number of samples may be rejected depending on the total number of samples (binominal
distribution).

Both of these 80 %/80 % compliance criteria are based on a direct comparison of the
measured value of the measurand against the limit, and the MIU is not taken into account.

N
q

[ds)

Q)

e Y |

OTE It has not yet been established by CISPR/A how the 80 %/80 % rule compliance criterion, specified_i
ISPR/TR 16-4-3, and the MIU compliance criterion of CISPR 16-4-2, are to be combined in situations were bot
riteria are applicable. The combination of the two compliance criteria remains a subject of further investigation
ithin CISPR/A.

|12 e g

.7.4 Compliance criteria for quality assurance tests using a reference EUT

Data obtained from periodic quality assurance tests or ad-hoc checks, can be compare
irectly with reference results (see 4.5.5). Pass/fail criteria shall be applied, that are related t
he magnitude of the measurement instrumentation uncertainty of the*measurand, becaus
vhen using a reference EUT, the intrinsic uncertainty is generally_’small and therefore no
hcorporated in the quality assurance test. A maximum deviation of 20 %, with respect t
he MIU, is considered an acceptable pass/fail criterion.

O+ (D~ O

.7.5 Application of uncertainties in re-testing

Re-testing takes place if a sample of products thatwas tested as compliant with a relevanit
tandard by a test laboratory is tested a second time by another test laboratory.

'he sample of products may be as follows:

) several samples of a specific product (i.e. specific model number) from a singl¢
manufacturer;

17

) single samples from the productiline offered by a single manufacturer;

) single samples of comparable models from different manufacturers (i.e. the group being
considered as a product.type).

o

[his subclause provides guidance for situations of disagreement between the results obtaine
fom two laboratories (i.e. when the test results lead the laboratories to come to differen
onclusions regarding the compliance status of the sample of products).

—

—

During complianCe measurements by the re-testing laboratory (or the laboratory of a relevan
uthority), the' SCU indirectly plays a role. The test laboratory compares the measured resu
vith thelimit of the product standard and subsequently decides, following the rules o
LISPR.16-4-2 (i.e. using the MIU), whether the product complies with the provisions of th
elevant standard. It is up to the manufacturer to estimate the risk of non-compliance in a re
psting situation, considering that the SCU of a particular test may be much larger tha

=T (O —h —F

[
\
(
A
t
t

he MIU. For this reason, the order of magnitude of the SCU for each test method and for

certain categories of EUTs should be known.

d) In cases of product non-compliance found during re-testing, the measurement results

obtained will be compared with relevant measurement results from a type test for the
same type of product as obtained by another test laboratory performing testing on behalf
of the manufacturer.

Subsequently, the disagreeing parties are tasked to determine the reasons for the differences
in the conformity assessment results. This process may be accomplished by comparing the
specific technical conditions encountered and used during the respective compliance
measurements. Eventually the disagreeing parties may come to a unique approach and
decision as to whether or not the type of product in question complies with the limits (and
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provisions/intent) of the standard. In this context, the effort of determining the SCU is
resolved on an individual (case-by-case) basis.

If the SCU evaluations between the manufacturer’s test laboratories and the re-testing
laboratory indicate that the technical content of the relevant standards can be interpreted in
different ways, then such findings should be reported to the responsible standards developing
organization, including a request for amendment or corrigendum to the standard so as to
address the ambiguities found.

¢ I
maximization of the EUT emissions is to be performed. In general, all possible medes of
q p
l

he re-testing laboratory should take particular care to minimise the SCU involved in_a
articular measurement. In accordance with the provisions of the applied standard, a carefy

peration and test arrangements of the EUT should be considered to assurey that th
haximum disturbance level is measured. In other words, the EUT should be:

) in a test arrangement that reflects the typical and intended use of the-product and
generates the maximum disturbance levels, and

) in the operating mode which generates the maximum disturbance levgels:

herefore the test laboratory has to determine the worst-case drrangement and mode o
peration to be able to determine the maximum disturbance levels before making a fing
ecision about the compliance of the product. Nevertheless this Technical Report does ng
all out further requirements for the identification and determination of the maximum emissio
bvels generated by an EUT.

=+ — —h

—

Due to the general statements in the product standards, it cannot be ensured that a teg
bboratory will identify and record the maximum emission levels of an EUT. This increases th
isk of not capturing the worst-case (i.e. maximam) emission levels and therefore increase
he SCU as well.

oO— D

h a re-test scenario, it is impossible for.both the re-testing laboratory and the manufacturer’
bboratory to fully take the SCU into account, since the SCU-values may be quite large fo
ertain test methods or even moreimportant, since the SCU-values of test methods ar¢
nknown. Therefore the following procedure can be considered as a practical approach:

O—=—0

The re-testing laboratory ‘measures and assessments of a product in accordance with thg
specific product standard. If the product is determined to be non-compliant, th
manufacturer, who {is) confronted with this non-compliance, has to explain the applie
procedure and measurement results that lead to the declaration of conformity. This wi
require the review of the final test report of the compliance test.

— D

o

If the manufacturer’s laboratory used a mode of operation or test arrangement that differ
from the one the re-testing laboratory used but is in accordance with the applied standard,
then the(re-testing laboratory will replicate the test of the product in accordance with thg
description of the manufacturer’s test report.

D

# XIf the replicated measurement reveals that the difference in measurement results of th
manufacturer’s test laboratory and the re-testing laboratory is caused mainly b

SN

differences—im theset-up andfor operatingmode (due toambiguities i the Tetevant
standard), then the re-testing laboratory will acknowledge the manufacturer's test
report and revise its own decision. As a consequence it is up to the re-testing
laboratory to bring the discovered ambiguity in the standard to the attention of
responsible standard committee.

— If this replicated measurement indicates that, in accordance with the provisions of the
applied standard, the manufacturer’s test laboratory has failed to identify and record
the maximum emission of the EUT during the compliance measurement, then the
conformity decision of the re-testing authority prevails.

The decision-making process of the re-testing laboratory in regard to non-compliance of the
product should take the uncertainty of the reproducibility (i.e. SCU) into account. For this
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reason, the orders of magnitude2 of SCU values for each test method and for certain
categories of EUTs should be available as general guidance for consideration by the decision

making parties, the manufacturer, the authority, or other parties if needed.

In this technical report it is not possible to provide more specific guidelines on application o
compliance criteria for re-testing laboratories.

f

The approach described in this subclause is applicable for market-surveillance reasons by the

authority and also for re-testing or reproducibility disputes in case a manufacture

r

gubcontracts different laboratories for compliance testing of products.

% Basic considerations on uncertainties in immunity testing
Under consideration.

The SCU considerations of immunity tests differ from the emission SCU*considerations i
erms of particular parameters, for example, the measurand is often a“functional attribute o
the EUT rather than a quantity.

—

6 Voltage measurements

6.1 Introductory remarks

This report deals with modelling of CISPR standardized voltage measurements in order t
identify the possible contributions to the standards,compliance uncertainty, with the exceptio
qf:

4) product variability that is covered by the €ISPR 80 %/80 % sampling procedure, and;
) test-house induced uncertainties (see Clause 4).

\fter a discussion of the voltage measurement basics in 6.2.2, voltage measurements using
oltage probe are discussed in 6:3>Voltage measurements using a V-terminal artificial main

arth, appliances with mofeythan one connected cable, and appliances connected to ancillar

Y
\
M
Additional voltage measurements, for example, on appliances equipped with a protectivg
q
gquipment, are under consideration.

6.2 Voltage measurements (general)
6.2.1 Introductory remarks

bubclause 6.2.2 presents a consideration of the voltage measurements basics, followed b

etwork applied to Class Il appliances with only a mains cable are discussed in 6.4

=)

=4

o

A1

nost ¢commonly used conducted emission measurement is discussed, i.e. the emissio
neasurement usmg a V- type art|f|C|aI mains network (see 6.4). Throughout the dlscussmn,

IS d

g
gome _remarks about voltage measurements using a voltage probe (see 6.3). After that, th
M
M

O—=S—0<<

to the EUT. N-terminal dewces (N > 2) W|th or W|thout connections to anC|IIary equment are

under consideration.

6.2.2 Voltage measurements basics

6.2.2.1 Specification of the measurement loop

A voltage is always measured between two specified terminals. Figure 12 illustrates such a
measurement. Uqo is the voltage of interest. The measurement leads transport the signal to

2 «Orders of magnitude” means that values such as 1 dB, 3 dB, 6 dB, 10 dB or 20 dB can be selected for SCU.
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the terminals 3 and 4 of the load impedance Z formed by the input impedance of the
voltmeter, and Us4 is the actual measured voltage. The EUT, leads and voltmeter load

—

t
t

5 0 < o —

NOTE 1 Specifying only one terminal, the ‘hot’ terminal,.and’ assuming that the other terminal can be any poir]

NOTE 2 Stray capacitances may limit the maximum, value of Z, (see 6.3).

6.2.2.2 Measurement loop constraint

:
ference of the measurement loop_{the contour C) is electrically small, i.e. if the circumferencs
a
q

I
U
f
tp transport the.measurement signal to the receiver via a transmission line, such as a coaxig
q
M
9

mpedance form a loop of which the contour is denoted by C, and the loop area by S.

_ LIy Ji

7N
-0 Zg U12 Usq v/

EUT Measurement leads Receiver

IEC s 344/09

Figure 12 — Basic circuit of a voltage measurement

h particular when the internal impedance of the disturbance source is unknown (as is usuall
he case in compliance testing) care shall be taken that,Z{>>Z4 otherwise the measure
oltage depends on Z_ in an unknown way, creating large contributions to the standard
ompliance uncertainty. Consequently, Z has to be @&pecified starting from estimated o
heasured values of Zy for the class of subject EUTs.

=

—

hat is ‘grounded’, is allowed only in electrostatics, i.e. at di¢: (zero frequency) (see 6.3).

[he result of the voltage measurement has a physical meaning if, and only if, the circum

— T

f the loop is small compared-to the wavelength of the signal, or compared to the signa
omponent to be measured-

f this condition is notysatisfied, resonance effects will occur, creating large and undefine
ncertainty contributions. These uncertainties may be reduced to an acceptable level b
lacing the load impedance close to the terminals where the voltage has to be measured, an

O——O<—C

able. Thecharacteristic impedance of that line should match the input impedance of th{
eceiver,{The possible mismatch is often expressed as a voltage standing wave ratio (VSWR).
bee also-6.4.6.2.

f the condition ‘C electrically small’ is satisfied, the use of a lumped element equivalent circuit
o describe a voltage measurement is allowed. Unless indicated otherwise, it is assumed that
his condition has been satisfied.

6.2.2.3 The measured voltage

Faraday’s law is always applicable to a voltage measurement loop. For the loop given in
Figure 12 this means that

§Exdf=—— Bxds (11)
C


https://standardsiso.com/api/?name=849b8b503552707298a8b31014b796a3

- 46 - TR CISPR 16-4-1 © IEC:2009(E)

where the electric field E and the magnetic flux density B are generated by the disturbance
source inside the EUT, or by some ambient disturbance source. Unless specified otherwise,
the latter source is assumed to be negligibly small; for example, the measurement set-up is
sufficiently screened.

From Equation (11) it follows that the voltage Us, is given by

L4

vhere U, is the voltage to be measured. In this equation, the contribution of-the magneti

—h <

eld term to U,,often dominates. Therefore, the voltage measuring methad shall include &
qufficiently accurate description of the layout of the measuring leads.

s}

i

A numerical example illustrating the importance of the influence, of the physics described by
Faraday’s law on the measurand is given in Annex B.

_________________________________________________________

Ucm

__________________________________________________________

IEC 345/09

Figure 13 — Basic circuit of a loaded disturbance source (N = 2)

6§.2.3" The disturbance source and types of voltage

6.2.3.1 General

At the interface, the disturbance voltage is measured while the measurement loop constraints
are satisfied. The source creating that voltage can be described by a lumped element N-port.
Since differential-mode (DM) and common-mode (CM) phenomena are of importance, the
number of terminals of the N-port equals N + 1, where N is the actual number of terminals.
The additional terminal represents the surroundings of the source to which coupling via
electric and magnetic fields is possible and to which the source may have a galvanic
connection. It is the task of the standards author to define the surroundings in such a way that
this additional terminal is a relevant reference point in the voltage measurement.
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In this subclause N = 2 is assumed, so that a three-terminal network results and the
equivalent circuit of Figure 13 applies. An example of an EUT presenting an N = 2 disturbance
source is

a) an appliance with only a two-wire mains lead, and

b) the voltage is to be measured at the mains connector terminals.

— —

Q- Q) == = — N

IEC 346/09

Figure 14 — Relation between the\voltages

h Figure 13, all elements are — in principle — frequen¢y-dependent. Zym4 and Zymo represent
he internal impedance of the equivalent DM source with open-circuit voltage Ugm. In genera
[dm1 # Zdm2 as at the frequencies of interest the(circuit will seldom be symmetrical. Z., is th
hternal impedance of the equivalent CM source with open-circuit voltage U.y. The load i
epresented by the impedances Z43 and Z%3 between the actual terminals 1 and 2 and th¢
eference 3, and the impedance Zi, between the actual terminals. Denoting the voltage
cross Zq13 and Z3 by Uq3 and Uss, the'relation between these voltages and Uyy and Ugp, |
iven in Figure 14.

O — 00—

.2.3.2 Interference probability

[he DM- and the CM-conducted emission voltage level are, in general, a figure-of-merit fo
he interference potentialJof an appliance when the main coupling mechanism to the victim i
rosstalk. In addition|, the CM-conducted emission voltage level is generally also a figure-of
nerit when the main’coupling mechanism is (far-field) radiation. However, in the latter case,
he CM currentDis generally a more direct figure-of-merit (see C.5). The so-called
nsymmetrical ‘conducted emission levels U4z or Us3 give, in general, no information about
he interference potential of an appliance. Additional information about the phase angle
etweenUj3 and Usj is needed to convert these voltages into the relevant voltages Uy, and
/om- SO.ih compliance probability studies, both the DM and CM properties of the disturbance
ignal‘have to be considered.

T =

6.2.3.3 CM/DM and DM/CM conversion

The parasitic properties, for example, parasitic capacitance and stray inductance, of a voltage
measuring device may cause an unwanted conversion of DM disturbances into CM
disturbances, and vice versa. Therefore, the DM/CM or CM/DM conversion properties of a
voltage-measuring device may play a part in uncertainty studies, in particular those of artificial
or impedance simulation networks. The conversion properties may also be desired in the case
where these properties dominate the compliance probability in actual situations. To give some
examples:

a) if the device is used to simulate a telephone-subscriber line, the conversion properties

should be related to the actual conversion properties of those lines;
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b) if the device is used to investigate the conversion properties of telephone-subscriber lines,

the conversion properties of the device shall not influence the results of that investigation;

c) if the device is used to characterize the CM-disturbance signal emitted by a given EUT via

the telephone-subscriber line port, the DM/CM conversion properties of the device shall
not influence the measurement results. In addition, the DM/CM conversion properties of
the ancillary equipment, connected to that port during the emission test, shall not influence
the measurement results.

6.3 Voltage measurements using a voltage probe

D o 3 —

Vhen using a voltage probe it is very important to specify the two terminals between whic
he voltage is to be measured. As already mentioned in Note 1 of 6.2.2.1, specifying onty:on
erminal, the ‘hot’ terminal, and assuming that the other terminal can be any point that i
grounded’ is only allowed in electrostatics, i.e. at d.c. (zero frequency). In the case of a two
erminal disturbance source, the circuit of Figure 13 applies, where Z13, Z12 and Zy3 represent th
enerally unknown and unequal load impedances of the source, for example, thése formed b
he mains network. If, for example, the voltage between terminals 1 and 3is measured, th
hput impedance of the voltage probe is in parallel with Z13 and in parallel with\(Z12 + Z23).

<<~ 7T V0=

h addition, the layout of the measurement loop has to be specified to assure that th
heasurement loop constraint is met (6.2.2.2), as resonance-‘effects contribute to thg
ncertainty in the voltage to be measured. That layout specification should be such that it
hinimizes the voltage that may be induced by the magnetic field emitted by the EUT itself.
[he latter voltage contributes to the uncertainty of the voltage to be measured. A numericql
xample is given in Annex B.

O

\s specified in CISPR 16-1-2, the voltage probe is“a“device having a large input impedancs
for example, 1 500 Q). As a consequence, attention has to be paid to the possible effect o
he stray capacitance between the ‘hot’ input terminal of the probe and its surroundings. Tha
apacitance reduces the effective input impedance of the probe (Z13), thus creating a
ncertainty contribution. In addition, if the\input impedance is not very much larger than th
ource impedance (a priori unknown inCa compliance test), an additional uncertainty may b
htroduced as a result of the uncertainty in the voltage division factor. Moreover, the loadin
y the voltage probe having an insufficiently large input impedance may cause an unbalance
pbading of the disturbance source, and since generally Zqm1 # Zgm2, this unbalance may diffe|
vhen measuring the voltage between the terminals 2 and 3, compared to that between
nd 3.

— —h D

= O~ 0—=

Finally, the unsymmetrical voltage measured by the probe is not a direct figure-of-merit for thg
hterference potential of the EUT. Hence, it gives no information about the interferenc
robability so the-standardized use of the probe should be kept to an absolute minimum.

oD

—

h summary,»h a well-written standard both EUT terminals in the voltage-probe measuremen
hall be-carefully specified, as well as the layout of the leads between these two terminals
nd thetwo terminals of the probe. Moreover, attention should be paid to the magnitude of th
hput.impedance of the probe relative to the actual load impedance of the EUT disturbancs

O— v

LO_— oy N _—

odrce. In Annex C, attention is paid to possible improvements of CISPR standards.

6.4 Voltage measurement using a V-terminal artificial mains network

6.4.1 Introductory remarks

The V-terminal artificial network (V-AMN) essentially forms a T-network or n-network loading
of the disturbance source. Throughout 6.4, it is assumed that the EUT is a two-terminal
device: only one two-wire mains cable is connected to the EUT. Assuming a m-network
loading, the basic circuit with the impedances Z43, Z33 and Z4, as given in Figure 13 applies
at the interface of the measurement impedances. Clause 4 of CISPR 16-1-2 specifies the two
unsymmetrical impedances Z43 and Z»3, including the tolerance of the absolute value of these
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mpedances. In Clause 4 of CISPR 16-1-2, the shunt-impedance Z42 is a non-specified
nfluence quantity; it seems that CISPR assumes that Z15 is always ‘infinitely’ large.

NOTE Subsequent to when Subclause 6.4 was originally written, Clause 4 of CISPR 16-1-2 was amended to
include specification of the magnitude and phase angle for the AMN impedance, as well as tolerances for both.

> N =S~ M - <

—h

Interface Filter and
: isolation
Y —@-------
7 ﬁ 1 T\ Phase
: Z13
1
1
¥ Udm 7 : %:
~ cm i Reference \_ 3 s
1 %]
O (-2
1 —
Y Ugm Uem ! §
1
! Z23
Zdm2 2 : Neutral
&
4 L
Disturbance | V-type AMN
Upr (5
Receiver

IEC 347/09

Figure 15 — Basic circuit of the V-AMNuvoltage measurement (V = 2)

[he basic circuit can be described as in Figure 15. The filter and isolation between thg
neasurement circuit and the mains terminals-is, to some extent, also specified in Clause 4 o
CISPR 16-1-2. The unsymmetrical voltages~across Z43 and Zy3 have to be measured (ses
\nnex C of this technical report for comments in regards to interference probability).

O—="D

aluable information about uncertainties associated with this type of measurement, that also
nay influence the calibration of thé V-AMN, can be found in [49] and [44].

.4.2 Basic circuit diagram of the voltage measurement

Vhen reading the level Uy, at the CISPR receiver, the circuit of Figure 15 ‘reduces’ to that o
Figure 16. In Figufey16 Uy and Z4, being non-specified influence quantities, represent th
ffective disturbance source at the interface formed by the subject unsymmetrical inpu
erminal of thé.V-AMN and the reference of the voltage measurement set-up. The latter i
ormally the ‘metal enclosure of the V-AMN. Z;, is the input impedance of the measureme
et-up as{experienced by the disturbance source. Zj, is a specified influence quantity that ca
e influenced by non-specified or by not sufficiently specified quantities (see 6.4.6). Th

O——h

—

— 7

actor a:U—m, where Ui, is the voltage across Z,. This factor is, to a large extenf,

in

deterministic. In the absence of uncertainties, that is in the ideal situation, Zj, = Z43 = Z»3, for
example, equal to 50 Q in parallel with 50 uH, and o = 1.
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Zg 1or2

IEC 348/09

Figure 16 — Basic circuit of the V-AN measurement during the reading
of the received voltage U, (the numbers refer to Figure 15)

6.4.3 Voltage measurement and standards compliance uncertainty

If Unt is the true level of the voltage reading at the CISPR receiver in the ideal situation, Upl;
is given by

00213

Unt=——"—
Zgo + 213

(13)

where og is the true value of a. Zyg and Uy are theutrue values of the disturbance source
parameters when the source is loaded with the idealimpedance Z43. However, in the actuq|
get-up, the parameters are «, Zj,, Zq and Uy, sothé’voltage reading Uy, is given by

7
Up=0—"—U
m Zd +Zin d (14)

i

\fter substitutions of Uy = Ut AU, = o9 + Act, Zin = Z13 + AZjn, Zq = Zgqg + AZy and
U4 = Ugo + AUy it follows framiEquation (13) and Equation (14) that

AUm _ Zgo +Z13 [ﬂ+AUdj+ Z40 (Azin _AZdJ (15)

Umt Zg+tZin \ 09 Ugo ) Zq+Zin\ Z13  Zgo

1 ==

[ higher order terms in A are neglected. If knowledge is available about the actual value an
eviations )it may be possible to apply corrections [1]. For example, if from independen
heasurements it can be concluded that the actual value of Z13 shows a systematic differenc
vith<its ideal value and the difference is within the allowed tolerance of Z43, the actual valu
nay)be inserted in Equation (15).

—

O

o OO =

In Equation (15), AU, can be identified as the compliance uncertainty margin, which depends
on the non-specified influence quantities Zy and Uy, and the specified influence quantities o
and Zj, (i.e. the influence quantities that can be determined from independent measurements
and do not depend on the EUT properties). Moreover, two sensitivity coefficients can be
identified:

_Zdo+tZ13 _ Zdot+Z13 _
Z4+Zin  Zg4o+Z13

“

1 (16)
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__Zdao ___Zdo __ 1
Z4+Zin Zyo+Z13 1+ pel?

(&) (17)

The latter coefficient clearly depends on the non-specified influence quantity Zy.
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IEC 349/09

Figure 17 — The absolute value of the sensitivity coefficient c; as a function
of the phase angle difference ¢ of the impedances Z43 and Zy
for several values of the ratio |Z13/Z¢|

In Equation (17) p = p13/pqo and @ = @13 — @40, Which follow after writing Z13 = p13exp(j@q3
gnd Zgqo = pgoexp(je@qo).- Figure 17 shows the absolute value of ¢ for several values of p as
function of ¢. It will be clear that additionalsinformation about Zyg is needed to estimate ¢4
However, that information is normally not_available in a standardized compliance test. Hencel
t
q
q

~

=7

o

he standards authors have to make ancestimate when drafting a standard for a certain clas
f equipment, for example, by carrying~out a statistical investigation during the developmen|
f a standard.

—

6.4.4 Combined uncertainty,

It should be noted that in’ Equation (15) all quantities are in linear units. Therefore, th
gombined uncertainty~can be written as the root of the sum of the partial uncertaintie
gquared (RSS). Incstandardized EMC compliance testing, logarithmic units are commonl
U
f

O

sed for the quantities and their uncertainty margin. Converting to logarithmic units, it follow
rom Equations (13) and (14) that

o

U a Zin Uqg Zy+Zin

——(dB)=—(dB)+ (dB)+ (dB) - (dB) 18
Unmt o Zy3 Udo Zgo +Z13 (18)
AU, (dB) = Aa(dB) + AZ;, (dB) + AU 4 (dB) — A(Z4 + Z;, )(dB) (19)

The problem is the last term on the right-hand side of these two equations, since it is not
possible to split up this term in one for Z4 and one for Zj,. So, in this case, there is no linear
relationship between the various A terms and it is not correct to use the RSS as done in
Equation (15). Additional information about Zyg in relation to Z13 is needed to circumvent this
problem. However, that information is normally not available in a standardized compliance
test. Hence, the standards authors have to give a procedure for solving this problem for a
certain class of equipment.
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6.4.5 The compliance criterion

The compliance criterion is normally not formulated for Uy, but for Uj,, the voltage across Zj,.

. . U . . I
The true value Uiyt is then given by Uiy =—M If the compliance uncertainty margin is
%o
indicated by AUjy, the ratio AUin can be calculated from Uiy + AUj, _ Ut + AU .
Uint o + A

G

.4.6.1 Introductory remarks

h this subclause, the influence quantities playing a part in the CISPR V-terminak voltagg
heasurement discussed in 6.4.3 to 6.4.5 will be considered in some detail, particularly in viey
f a possible improvement of CISPR standards dealing with this type of measurement. Nots
hat the influence quantities may not be independent [see, for example, 6.4:6.4'd) and e)], s
ot all phenomena are discussed in connection with each of the influence/quantities.

OoO———=—%

[he final standards compliance uncertainty study for voltage measurements on a two
erminal EUT using a V-terminal artificial mains network, shall start-from the final model (th
ircuit description) depicted in Figure 19.

D

.4.6.2 The input impedance Z;,

h the ideal case, the input impedance Z, = Z43 (0rZ23), where Z43 is the specified input
mpedance of the V-AMN (see 4 of CISPR 16-1-2);xa resistor R13 = 50 Q in parallel with an
hductor L43 = 50 pH. In the practical realizationCof the V-AMN, however, the actual input
mpedance may be influenced by

) The actual value of the input impedance of the measuring receiver which in practice i
assumed to represent R43, plus the influence of the length of the transmission lin
between the V-AMN and the receiver. This effect can be characterized as a VSWH
(see 6.2.2.2) and is discussed(in detail in [15]. A procedure on how to characteriz
the VSWR is needed and & tolerance for this VSWR (in particular, in situ) has to be
specified.

O—0——0— 00

) The influence of the unknown impedance of the mains network, which is in parallel with th¢
specified input impedantce (see Figure 14). The isolation needed to avoid this influence i
to be specified.

—D

) The influence ofthe circuit parallel to Z;3 as formed by Z,3 in series with the non-specified
impedance Zj2’ (see Figure 13). The latter impedance should be ‘infinitely’ large but wi
have a finitewalue in practice, so a specification is needed.

Ffrom this_list of examples it will be clear that Zj, is not a completely specified influencs
uantity [See also 6.4.6.4 d)].

D

h Clause 4 of CISPR 16-1-2 it is stated that for Z13 and Z>3 a tolerance of 20 % is permitted

around the absolute value of those impedances. In view of uncertainty contribution estimates,
it is necessary to specify that tolerance in more detail, for example, as a tolerance of the
absolute value of the impedance and a tolerance of the phase angle of that impedance (or

t

hat of its real and imaginary part).

NOTE A tolerance for the phase angle has been added for the V-AMN in CISPR 16-1-2:2003.

6.4.6.3 The attenuation factor o

The attenuation factor o is a non-specified influence quantity. However, in general it is a
deterministic quantity that can be derived from independent measurements. Therefore, for a
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given and fixed V-terminal voltage measurement set-up in which o has been determined, it

can be considered as a specified influence quantity.

Contributions to Ao may stem from losses in the V-AMN (also determined by some of the
aspects mentioned in 6.4.6.2) and in the signal cable between V-AMN and receiver.

Consequently, a specified procedure to determine «o (in particular, in situ) is needed.

6.4.6.4 The effective disturbance source impedance Z4

A marked difference between metrology measurements and EMC compliance measurement
5 that in the latter measurements the source impedance, Zy, is a non-specified influenie
quantity.

fFrom a comparison between the circuits of Figures 15 and 16 it follows that if Uq3 i
measured, Zy is given by

Zcm(223 +de2)
Zem +Z23+ Zgm2

Zg="Zgm1+ (20

s easily follows when applying Thevenin’s theorem. In this relation, Zgm1, Zgm2 and Z¢ny, are
on-specified influence quantities. An important observation is that Z4 depends also on th
CM-impedance Z;,,. Hence, the coupling to the surroundings of the EUT plays a part in thg
heasurement result. In Figure 18, this coupling is indicated by the parasitic capacitance Cp
etween the relevant (electronic) parts of the EUT (s0j'as an example, not the plastic housin
f that EUT) and the prescribed reference plane. Iln Figure 19 also magnetic field coupling i
hcluded, where a mutual inductance, M, playsy.a“part. Depending on the EUT properties (fo
xample, the dimensions of conducting parts«ef that EUT) it may be needed to include othe
arasitic effects. The two examples given fiere (electric field coupling characterized by Cp
nd magnetic field coupling characterized by M) are assumed to be relevant in all cases.

O T O — 0O T O o0

Five possible uncertainty contributians will be considered:

) Parasitic capacitance variations:

Q)

The emission standard-specifies a distance, for example, 40 cm, between the housing o
the EUT and the reference plane. However, the standard does not specify which side o
the EUT housing has-to face that plane. In Figure 18 the dashed line represents anothe

However, the_résulting parasitic capacitance is now Cpo # Cpq. Hence, the (allowed
variation of(the  parasitic capacitance contributes to the standards compliance uncertainty.

allowed positionof the reference plane at the correct distance from the EUT housing.

o~

o

== =00 —®

Bl

=

A Vertical metal plane
[ ]
Electronic —I—C1 B
parts —l_ P
@ Mains cable
EUT =z | | CISPR
i D C <§( receiver

Vertical metal plane
IEC 350/09

Figure 18 — Variation of the parasitic capacitance, and hence of the CM-impedance,
by changing the position of the reference plane (non-conducting EUT housing)
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The C,, variation can be reduced by replacing the vertical reference plane at the specified
distance by a horizontal reference plane at that distance below the set-up and requiring
that the EUT is always positioned at its normal feet.

Measurement loop constraint:

Figure 15 is applicable at the interface of the specified measurement impedances. To
identify relevant uncertainty contributions, the complete set-up has to be considered
where a mains cable is present and the distance between EUT and AMN is specified, for
example, 80 cm. So in practice a CM-loop exists, in Figure 18 the loop ABCDA. At
sufficiently high frequencies and sufficiently extended EUTs, for example, a fluorescent tube

in its luminaire may be starting to violate the measurement loop constraint (6.2.2.2), thus
creating resonant-like phenomena and the associated uncertainty contributions.

LC series circuit:

In Figure 18, the loop ABCDA can also be seen as an LC series circuit. Majo
contributions to the inductance stem from the mains cable and the specified groundin
strap between V-AMN and the reference plane. In Figure 18 the 'capacitance i
represented by Cpq, and, more generally, by Cp, in Figure 19. This cireuit plays a part i
the CM impedance [see Equation (20)]. As a consequence, Zy is sensitive to the total loo
inductance as well, hence it is sensitive to the actual layout of theimains cable betwee
the EUT and V-AMN. In particular, when meandering of the“mains cable is needed
variations in the electrical loop may be large. Experimental reSults [48] show a variation 0
several dBs when the method of meandering is varied. Hence, meandering is anothe
source of uncertainties and a detailed specification of ‘the method of meandering i
needed. See also 6.4.6.5 b) and c).

LC parallel circuit:

= o = =

= —=h

In practice, also the parasitic capacitance betweéen the V-AMN and the reference plang
(see Camn in Figure 19) may play a part. Thenthe parallel resonance of the inductance o
the ground bonding strap and this parasitic capacitance may be resonant within th
measurement frequency range, thus influghcing in an unknown way the CM impedance. |
other words, a contribution may be made-to the variation of the results that can amount u
to several dB [49]. In addition, the yoltage difference between the reference point of thg
voltage measurements and the point on the reference plane where the strap is connected
is no longer zero, as has been tacitly assumed in the CISPR standards. So the afore
mentioned variation may als6 be interpreted as a variation in Zj, (6.4.6.2). The latter is a
example of the statement ‘made in 6.4.6.1 that the influence quantities are not alway
independent.

DT/ 0—=—=

=T =

The contribution of the-variation to the standards compliance uncertainty can be avoide
by specifying an imsitu measuring method, for example, one based on [49] to improve th
set-up in such a-way that a possible resonance is outside the frequency band considere
in the compliance test.

o0

MagneticAield coupling of parallel current loops:

Anothien'‘example of the statement made in 6.4.6.1 that the influence quantities are nqt
always independent is the magnetic field coupling of loop-1 and loop-2 (see Figure 19).
This coupling that also influences the effective CM impedance, will be discussed in
connection with Uy in 6.4.6.5.
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Figure 19 — Influence quantities in between.the EUT
(disturbance source) and the V-AMN

.4.6.5 The effective open-circuit voltage source Uy
A marked difference between metrology measurements and EMC compliance measurements
5 that in the latter measurements the open-circuit voltage of the source is a non-specified
hfluence quantity.

'he open circuit voltage Uy depends on

) the non-specified open-circuit voltages Uy, and U, (see Figure 15);

—

) a contribution U;,4 which may_arise from an induction by the fields emitted by the produo
under test and is described by ,Faraday's law (see 6.2.2.3 and Annex B);

) a contribution Uzt which may arise via the transfer-impedance Z; of the cable between th
product under test andithe V-AMN and that of the circuitry inside the V-AMN, i.€.
contributions relatedto-CM/DM and DM/CM conversion.

D

\dditional considerations for these parameters are as follows:

Since Ugpy. and Uy are non-specified influence quantities their long-term stability may bg
very poor. In this case ‘long-term’ has to be compared with the measuring time of th
emission measurement. Effects like warming-up time and in-rush period may influence th
stability in an unknown way, thus giving rise to uncertainty contributions. On the othe

— DD

hand, this long-term stability may be sufficient, but the measurement time may be shont

m cm
of the EUT resulting in mode-related values of Ugyn and Ugy. Again, uncertainty
contributions may result.

When a source is loaded, a feedback mechanism may cause a change of the source
properties. This phenomenon is, for example, very well known in transistor circuits and, in
the h-parameter description of a transistor, is quantified by the reverse parameter 4. In
resonant circuits, this effect is normally called 'pulling'. The effect may cause a change in
the amplitude and/or the frequency characteristic of the disturbance signal. There are no
physical reasons to assume that this kind of feedback mechanism is not present for the
DM and CM components of the disturbance source. Hence, the feedback effect gives rise
to the uncertainty contributions AUy, and AUy, The effect can only be quantified when
performing dedicated measurements. In metrology, where the open-circuit voltage, the
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source impedance and the load impedance are specified influence quantities, this effect is
normally negligible as long as the loading of the source is within the specified values.

b) Uing:

In particular since the CM-loop illustrated by the ABCDA in Figure 18 plays a part in the
voltage measurement, it is important to consider contributions of the unwanted induced
voltage (6.2.2.3) as the loop has a relatively large area. That area, and hence the induced
voltage, depends on the layout of the set-up, and thus on the layout of the mains cable
and its possible meandering. See also Annex B.

Gtz

The contribution Uzt stems from the conversion of a DM disturbance into a CM disturbane
and is determined by the properties of the mains cable between the productoan
the V-AMN and by the circuitry inside the V-AMN. The latter contribution cannbe”madsg
negligibly small by setting proper DM/CM and CM/DM conversion limits for theV-AMN i
CISPR 16-1 series.

= 00—

The mains cable influence can be expressed in terms of the cable transferiimpedance that in
he case of a two-wire mains cable can be written as [30]

—

Zy =Re + jo(Lg — M) =R + jo(1-k)L¢ (21))

where R is the resistive part of Z; (about 10 mQ per metre-of.cable), L. the inductive part of 2
(l@about 1 uH per metre cable). The constant k& = M/L{,) Where M is the mutual inductancs
hetween the two loops formed by one of the wires, part.of the disturbance source, the groun
plane and part of the V-AMN (see Figure 19). This constant ranges from about 0,6 (relativel
wide separation) to 0,8 (relatively small separation). Since the transfer impedance of the
gable between the product under test and the*V/-AMN is normally a non-specified influencs
quantity, the contribution to AUz is generally~unknown, so uncertainty contributions result. B
gonsidering the Kirchhoff equations for_the circuit of Figure 19, it will be clear that th
magnetic coupling between the two loqps,also influences the effective CM impedance.

O<<—0—00<<—C——

114

NOTE The cable transfer impedance effect-hardly plays a part in normal metrology measurements as the leakag
df the wanted signal to the surroundings is'normally so small that it will be difficult to measure. On the other hanq,
very small leakage may easily be large enough to cause the product not to comply with the emission limit.

When the layout of the cable between EUT and V-AMN contains meanders, the way thes
meanders are put influehce L. and M. Moreover, at the higher frequencies, a capacitive cross|
talk over the meander part of the mains cable (in Figure 19 schematically represented by Cy,
|
U

T D

— ~—

hay play a part. As”already mentioned, a non-specified meander layout may create relevan
ncertainty contributions [48].

7 Absorbing clamp measurements

7.1 General

71T Objective

The primary goal of this clause is to provide information and guidance for the determination of
uncertainties associated with the absorbing clamp measurement and calibration methods.
This clause gives rationale for the various uncertainty aspects described in several parts of
CISPR 16 related to the absorbing clamp, i.e.:

e the absorbing clamp calibration method (see Clause 4 of CISPR 16-1-3:2004);
e the absorbing clamp measurement method (see Clause 7 of CISPR 16-2-2:2003).
The rationale given in this clause is background information for the above-mentioned parts of

CISPR 16 related to the absorbing clamp and it may be useful in the future when modifying
these parts. In addition, this clause provides useful information for those who apply the
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absorbing clamp measurement and calibration method and who have to establish their own
uncertainty estimates.

7.1.2 Introductory remarks

This subclause provides information on the uncertainties associated with the absorbing clamp
test method (ACTM) described in CISPR 16-2-2, and with the absorbing clamp calibration
methods described in CISPR 16-1-3. The uncertainty budgets on the ACTM as described in

Q) Ol

udget is limited to the measurement instrumentation uncertainties (MIUs). Uncertainties_dug¢
p the set up of the equipment under test (EUT) including the lead under test (LUT), and:du¢
p the measurement procedure are not taken into account. In this subclause, however, as far
s the uncertainty considerations of the absorbing clamp measurement method is concerned
Il the uncertainty sources that are relevant for the compliance test in accordance with th
tandard [the standards compliance uncertainty (SCU)] are considered. As\(far as thes{
ncertainty calculations are concerned, it is assumed that the EUT is the same. In othe
vords, we consider the uncertainty of an ACTM using the same EUT that is measured b
ifferent test laboratories, using different measurement instrumentation,_a different test site
ifferent measurement procedures and different operators. Consequently, the reproducibilit
f this ‘same’ EUT may become a significant uncertainty source, ‘Also the length of the LU]
nd the type of the cable can be slightly different if a test laboratery has to extend the lead b
cable of the ‘same’ type.

N - S MWW

'he uncertainty assessment described in this subclause)is/performed in accordance with thg
asic considerations on uncertainties in emission measurements given in Clause 4.

P

bubclause 7.2 gives the uncertainty considerations’related to the calibration of the absorbing
lamp, while 7.3 gives the uncertainty considerations related to the absorbing clam
neasurement method.

=4

.2 Uncertainties related to the calibration of the absorbing clamp
.2.1 General

CISPR 16-1-3 specifies three different calibration methods for the absorbing clamp, i.e. th
riginal method, the jig method and the reference device method.

1”2

[his subclause describes the determination of the uncertainty budgets for the original clam
alibration method.CFhe budgets for the jig and reference calibration methods will be included
t a later stage.

=4

For convenijence a schematic overview of the original clamp calibration method is given in
Figure 20,
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Figure 20 — Schematic overview of the original clamp calibration method

1.2.2 The measurand

For a clamp calibration using the original method (subscript ‘org’), the measurand is the clamp
factor Fcorg in dB(pW/uV).

|

he original clamp calibration method is in fact an insertion loss measurement (see Clause 4
gf CISPR 16-1-3:2004):

Fgorg = Aorg = 17.in dB(pW/ 4V (22)

Where Aq4 is-the measured insertion loss in dB.

1.2.3 Uncertainty sources

This subclause gives the uncertainty sources associated with the clamp factor measurement.

The uncertainty of the clamp factor is equal to the uncertainty of the measured insertion loss
[see Equation (22)].

The uncertainty sources for the insertion loss are given by the uncertainty sources of the
measurement chain. The measurement chain-related uncertainty sources are the EUT (EUT is
clamp under test in this case), the measurement instrumentation, the set-up, the
measurement procedure and the environmental conditions. Figure 21 gives a schematic
overview of all relevant uncertainty sources using a fishbone diagram. The fishbone diagram
indicates the categories of uncertainty sources that contribute to the overall uncertainty of the
clamp factor.
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Figure 21 — Diagram that illustrates thecuncertainty sources associated
with the original clamp-calibration method

1.2.4 Influence quantities
71.2.4.1 General

For most of the qualitative uncertainty sources given in Figure 21, one or more influencq
quantities can be used ‘toltranslate’ the uncertainty source in question. Table 6 gives thg
relation between the uncertainty source and the influence quantity. If no influence quantit
g¢an be given, then in the-uncertainty budget, the original uncertainty source will be used.

For each of the uncertainty sources/influence quantities, some explanation is now given in th¢
fpllowing subclauses.

<——

D
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Table 6 - Influence quantities associated with the uncertainty sources
given in Figure 21 for the original clamp calibration method

UNCERTAINTY SOURCE

INFLUENCE QUANTITY

EUT-RELATED

Stability clamp

Stability clamp

SET-UP-RELATED

Cross section

1.2.4.2

|

Lead under test (LUT) set up

Length

Displacement tolerance in clamp at the CRP

Height above reference plane

Clamp set up

Start and stop position tolerance

Measurement cable set up

Guidance and routing of the
measurement cable

MEASUREMENT PROCEDURE-RELATED

Clamp scanning

Clamp scanning step size

ENVIRONMENT-RELATED

Climatic ambient

Temperature apd~humidity tolerances

Electromagnetic ambient

Signal to, ambient ratio

Operator influence

Distance between operator and set up

MEASUREMENT INSTRUMENTATION-RELATED

Analyzer or generator/receiver performance

Stability generator

Linearity receiver/analyzer

Mismatch at the input

Mismatch at the output

Measuring system reading

Signal to noise ratio

Test site performance

Absorbing clamp test site deviation

Clamp slide material

SAD performance

SAD decoupling factor

CDN perfornmance

CDN impedance tolerance

EUrT-related

[he stability' of clamp influence quantity is addresses as follows.

Thefabsorbing clamp is a mechanically rigid device that is typically quite stable over time.
Nonetheless, aging effects may lead to poor contact between the ferrite cores which degrade

o

thefunctions of the current probe and the decoupling. T'his may result In a ‘'degradation” of th

[0}

clamp factor and may also cause a degradation of the decoupling factor. This is especially
important if the test laboratory for quality assurance reasons repeats the clamp calibration. If
the manufacturer calibrates new clamps, aging is not an issue. If the manufacturer performs a
type test, then the manufacturer may repeat the calibration using different samples of the
same type of clamp. Depending on the number of samples used, this type A uncertainty must
be entered in the uncertainty budget. If the manufacturer performs a unit-specific calibration,
then the calibration result is valid for that specific unit only, and consequently no uncertainty
due to type testing shall be incorporated.

7.2.4.3

Set-up related

a) Cross section of lead under test:
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c)

For calibration of the clamp, a 4 mm diameter wire shall be used. The tolerance of the wire
diameter is not specified. The resulting uncertainty is however considered negligible.

Length of lead under test:

The length of the lead under test shall be 7 m, of which 6 m runs over the clamp slide and
1 m is routed downwards to the CDN on the reference plane. Due to the application of the
secondary absorbing device, the uncertainty due to variation in length and routing of the
lead under test is considered to be low.

Height of lead under test above reference plane:

)

.2.4.4 Measurement procedure related

For the influence quantity of clamp scanning:Step size, the scanning speed and the frequenc
tep size is specified. Still a residual uncertainty is expected due to the limited scanning ste
ize.

.2.4.5 Environment related

The LUT is running at a height of 0,8 m above the reference on top of the clamp slide with
a tolerance of 5 cm. At the end of the clamp slide, the LUT is routed to the CDN.CTh
uncertainty due to residual routing variations is considered to be minor.

1"

Displacement tolerance of lead under test in clamp:

For the calibration procedure, a centering guide shall be used to control the  position of
the LUT within £ 1 mm of the centre position at the location of the clamp referencs
point (CRP). The uncertainty figures reported in [49] are used.

1"

Start and stop position tolerance:

The start position of the CRP is 100 mm from the vertical referenCe plane (i.e. the SRP).
The stop position of the CRP is 5,1 m from the vertical reference plane (SRP). Th
tolerance of the start position determines the uncertainty.“A tolerance of £ 5 mm i
assumed. The resulting uncertainty is considered to be minor.

o

Guidance and routing of the measurement cable:

The guidance and routing of the measurement cable to the receiver is specified. Still som
degree of freedom remains, which contributes tocuncertainty.

1”2

U

Temperature and humidity tolerances:

These environmental influence quantities are considered to have a negligible impact o
the result of the measurement if the calibration is performed using an indoor test site. Fo
outdoor test sites, the influence of temperature and humidity on the uncertainty shall b
incorporated.

= =

Signal to ambient ratio:

For calibration, the measured signal levels shall be 40 dB above ambient levels. In thi
situation,,the resulting uncertainty may be neglected. An additional uncertainty shall b
takendinto account for lower signal to noise ratios.

o=

Distance between operator and set-up:

D

l{is assumed that the scanning of the clamp is automated by some means (e.g. by a rop

alld pu”\:y dlldllyclllcllt), all\‘..l.I that thc upclat\u ;o IIUt ;II th\: Vib;llity Uf th\: a\:t-u .
However, if an operator is needed to scan the clamp by hand, then the consequent
uncertainty may be significant, especially below 100 MHz [49]. Such an operator-induced
uncertainty can be investigated experimentally by measuring the clamp output signal at
certain fixed position of the clamp, while the operator is approaching and touching the
clamp from different sides (e.g. from the left and right side of the clamp slide). This can be
repeated for a number of positions of the clamp. The maximum variation due to presence
of the operator and touching the clamp can be determined for instance by using the
maximum-hold and minimum-hold functions of a spectrum analyzer. This maximum
variation can be used as a type B input for the uncertainty budget.

7.2.4.6 Measurement instrumentation related

a)

Generator stability:


https://standardsiso.com/api/?name=849b8b503552707298a8b31014b796a3

c)

-62 - TR CISPR 16-4-1 © IEC:2009(E)

The stability of the generator of the spectrum or network analyzer system is of importance
for the uncertainty of the measured site attenuation.

Receiver/analyzer linearity:

This uncertainty is obtained from information on the calibration of the measuring system.
The uncertainty depends on the sweep mode or stepped mode of the analyzer.

Mismatch at the input:

The attenuator in the input cable shall be at least 10 dB. Resulting mismatch uncertainties
are taken from [49].

QO
~

Mismatch at the output:

The attenuator in the measuring cable shall be at least 6 dB. Resulting mismatch
uncertainties are taken from [49].

Attenuator (optional):

If a separate generator is used for the clamp factor measurement, then during the direg
measurement of the generator output, an additional attenuator may<be used to avoi
overload and consequent non-linear effects in the receiver. In this ‘case, the absoluts
value of the attenuator and its uncertainty shall be taken into account-in Equation (22) an
in the uncertainty budget respectively.

O~

Measuring system reading:

Receiver reading uncertainties depend on receiver noise, meter scale interpolation errorg.
The latter should be a relatively insignificant contribution’ to the uncertainty for measurin
systems with electronic displays (least significant digit\fluctuation). For classical analogu
meter displays, this uncertainty contribution needs.to be considered.

<

D

Signal to noise ratio:

For clamp calibrations, the noise floor is usually sufficiently below the measured signgl
levels for calibration. The impact of the ndise depends on the type of measuring system
used (network analyzer versus spectrum@analyzer).

Absorbing clamp test site deviation:

The clamp calibration result is ‘sensitive to the surrounding environment. The test sit
performance depends on the floor material and nearby obstacles.

D

The test site that is used-for the calibration shall be validated in accordance with the
specified validation precedure. Consequently, the pass/fail criterion for the deviatio
between the test site_attenuation and the reference site attenuation given in CISPR 16-1-
can be used in the uncertainty budget.

=

Clamp slide material:

Typically the’same clamp slide is used for clamp site validation and for clamp calibratiof
procedurey H/the clamp slide material is not RF-transparent, then the possible perturbing
effects of.the clamp slide material shall be taken into account.

SADdecoupling factor:

=1

The decoupling performance of the SAD specifies the decoupling of the far end of the LU
from the near end of the LUT. A minimum requirement for the SAD decoupling factor i$

k)

giver.
CDN impedance tolerance:

For the clamp calibration, a CDN is specified to terminate the LUT near the reference
plane. In the lower frequency range (30 MHz to 230 MHz) this gives a common-mode
termination impedance of approximately 150 Q. Beyond 230 MHz, the common-mode
termination impedance of CDNs is not specified. The tolerance of the common-mode
impedance of the CDN will affect the common-mode current in the LUT. However this
effect will also depend on the common-mode impedance contributions from the EUT, LUT
and the SAD. Quantitative information on the resulting uncertainty is not available. It is
estimated that the effect due to the CDN common-mode impedance tolerance is minor.
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7.2.4.7 Repeatability of measurement

‘Measurement system repeatability’ is an influence quantity that is often a generic part of
uncertainty budgets.

The repeatability of the calibration is determined by deriving the standard deviation of a series
of repeated calibration measurements using the same set up and measurement equipment. In
this way, statistical information is gained about a number of influence quantities together, i.e.
stability of the clamp, stability of the analyzer generator, measuring system reading, start/stop

ihcluded as a generic item of the uncertainty budget, then it is important to be sure _tba
gertain influence quantities that are part of this ‘repeatability of measurement’ category,-ar
not included twice.

D

1.2.5 Application of the uncertainty budget

h general, the expanded uncertainty figure of the clamp factor is used by a’test laboratory a
n input to derive the expanded uncertainty of its clamp measurement method. Note that fo
his purpose, the standard uncertainty has to be derived from the expatded uncertainty. If w
ssume that the uncertainty of the clamp factor has a normal distribution, then the expande
ncertainty value of the clamp factor has to be divided by a factor-4« = 2. Consequently, th¢
lamp manufacturer may also directly provide the standard“uncertainty instead of th
xpanded uncertainty.

O— 00— ="

OO C 0y —~ 0y =—

\s already discussed in the previous subclause, the uncértainty figure of the clamp factor ma
e a unit-specific figure or it may be a figure that istapplicable to that type of clamp. Thg
ncertainty that is related to a type calibration is;-generally larger than the unit specifi
ncertainty. The reason is that for type testing, a.limited number of samples of the same typ¢
f clamp is used and the average of the individual clamp sources is taken as clamp factor g
hat particular type. Consequently the uncertainty due to the spread of this average clam
actor will result in an increased uncertainty.

OO~ <<

=

—Hh —~+~ N ~ ~ ¥ Y
=4

1.2.6 Typical examples of an uncertainty budget

=4

[ables E.1 and E.2 of Annex'E)give a typical uncertainty budget for the original clam
alibration method in (he two frequency bands 30 MHz to 300 MHz and
00 MHz to 1 000 MHz respectively. The uncertainty budgets for the jig calibration method
nd the reference device-calibration method are still under consideration.

[\ W P T . W |

[he uncertainty budgets are calculated in accordance with the procedure given in Clause 4.
Fach budget coftsibution can be determined by using the type A and type B methods of
valuation. type A evaluations of uncertainty are done by using statistical analysis of repeated
heasurement; and type B evaluations of uncertainty are done by other than statisticql
nalysis.

(o} W S o W o o R |

In pfactice, EMC compliance measurements are typically executed once for a certain type of
EUT. Repeated measurements using the same EUT are not common practice. Therefore, the
uncertainty budget confributions are mosily determined using the fype B method of
evaluation.

This is also the case for the budgets presented in Annex F, i.e. most of the budget
contributions are type B evaluations and use data from calibration certificates, instrumentation
manuals, manufacturers’ specifications, previous measurements or from models or generic
understanding of the measurement method. The probability distributions and uncertainty
values for the various uncertainty sources/influence quantities that are given in Annex E are
derived from various sources of information [49], [22], [41].

Unfortunately no model is available for the relation between the measurand and the various
influence quantities. All that can be said is that the measurand is a function of the influence
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quantities given in Table 6. Most standard uncertainty values of each influence quantity must
be derived from specifications or from experimental data. Further, it is assumed that all
sensitivity coefficients are equal to one. However, due to the absence of a realistic model, the

true value of the sensitivity coefficients is unknown.

From the clamp calibration uncertainty budgets given in Annex E, it can be concluded that the
expanded uncertainty is approximately 3 dB for the frequency band of 30 MHz to 1 000 MHz.
The latter value is also applied in the tables of Annex F. Note that this value is also used in

the disturbance power uncertainty budget given in Table A.3 of CISPR 16-4-2:2003.

{.2.7 Verification of the uncertainty budget

'wo round robin tests (RRTs) have been carried out as part of the CISPR work on modifyin

bboratories contributed to this RRT. The standard deviation was ,less tha
pproximately 1 dB over the frequency band of 30 MHz to 1 000 MHz, kesulting in a
xpanded uncertainty of approximately 2 dB.

1.3  Uncertainties related to the absorbing clamp measurement.method
1.3.1 General

This subclause describes the determination of the uncertainty budgets for the absorbin
g¢lamp test method (ACTM) described in Clause 7 of CISPR.\16-2-2:2003.

For convenience a schematic overview of the clamp measurement method is given i
Rigure 22.

Guidance for
measurement cable

6 dB
attenuator
Lead under test \ Measurement cable
Table top
EUT
lk ]
0,8m .
( Absorbing Clamp slide
/) clamp

Floor /‘

Receiver ) ’
o Mains connection

\ Clamp reference
point (CRP)

Slide reference
'r_\ninf (QPD)

EUT table

1
the clamp calibration method. The results of the last RRT are reported in [21]: Six teg
I
q

—

= ——j

6,0m

IEC 1616/04

Figure 22 — Schematic overview of the clamp measurement method

7.3.2 The measurand

For a clamp measurement, the measurand is the disturbance power. The disturbance
power P corresponding to the measured voltage 7 at each measurement frequency is
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calculated by using the clamp factor F, obtained from the absorbing clamp calibration
procedure described in CISPR 16-1-3.
P=V+F, (23)

where

P the disturbance power in dB(pW);
14 the measured voltage in dB(uV);
E the clamp factor in dB(pW/u\/)

.3.3 Uncertainty sources

Fquation (23) we see that the uncertainty is determined by the uncertainty ef.the voltag
heasurement and the uncertainty of the clamp factor.

[he uncertainty of the voltage measurement is determined by the unecertainties induced b

nvironment.

Figure 23 gives a schematic overview of all the relevant uncertainty sources. This fishbon
iagram indicates the categories of uncertainty source$s that contribute to the overa
ncertainty of the disturbance power. From this diagram,)we see that most set-up relate
ncertainty sources are the same as the sources_ that were applicable for the clam
alibration. An important set-up uncertainty source that ' has been added is the reproducibilit
f the set up of the EUT. For the measurement instrumentation uncertainty, now the absolut
ncertainty of the receiver and the uncertainty,0f the clamp factor are important uncertaint
ources that were not relevant for the clamp calibration.

SET-UP

MEASUREMENT
EUT Wire - PROCEDURE

Influence type
of EUT

Clamp - Receiver settings -

Reproducibility -
Measurement cable -

Climatic - OVERALL

Receiver performance -
P ambient UNCERTAINTY

Test site performance -
Electromagnetic -

[his subclause gives the uncertainty sources associated with the clamp measurement. From

he EUT, the set-up, the measurement procedure, the measurement/instrumentation and the

1"

N7

o——®

D

ambient
Clamp performance -
/ Operator -
influence
MEASUREMENT
INSTRUMENTATION .
Mains
connection -
ENVIRONMENT IEC 1617/04

Figure 23 — Diagram that illustrates the uncertainty sources associated
with the clamp measurement method
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7.3.4 Influence quantities

7.3.4.1 General

For most of the uncertainty sources given in Figure 23, no real influence quantities can be
defined to translate the qualitative uncertainty source in question. Table 7 gives the relation
between the uncertainty source and the influence quantity. If no influence quantity can be
given, then in the uncertainty budget, the original uncertainty source will be used.

For each of the uncertainty sources or influence quantities that are new or that deviate from
the calibration situation (see 7.2.4), some explanation is given in the following subclauses.

Table 7 — Influence quantities associated with the uncertainty sources
given in Figure 23 for the clamp measurement method

UNCERTAINTY SOURCE

INFLUENCE QUANTITY.

EUT-RELATED

Influence type EUT on other uncertainty sources

Size of EUT

Signature disturbance

Reproducibility EUT

Set up of unit(s) and cables

Modes of operation

SET-UP-RELATED

Lead under test (LUT) set up

Cross seetion

Length

Displacement tolerance in clamp at the CRP

Height above reference plane

Clamp set-up

Start and stop position tolerance

Measurement cable set-up

Guidance and routing of the measurement cable

MEASUREMENT PROCEDURE-RELATED

Receiver settings

Receiver settings

Clamp scanning

Clamp scanning step size

ENVIRONMENT-RELATED

Climatic ambient

Temperature and humidity tolerances

Electromagnetic ambient

Signal to ambient ratio

Operator influenCe

Distance between operator and set up

Mains cannection

Mains voltage variation

Application of mains decoupling devices

MEASUREMENT INSTRUMENTATION-RELATED

Accuracy

Receiver performance

Mismmatchattheoutput

Measuring system reading

Signal to noise ratio

Test site performance

Absorbing clamp test site deviation

Clamp slide material

Clamp performance

Clamp factor uncertainty

Decoupling factor clamp

Decoupling to receiver
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7.3.4.2 EUT-related

a)

Size of EUT:

Various influence quantities depend on the type of the EUT, i.e. large EUTs, small EUTs,
EUTs with just one, or with many cables. The electromagnetic behavior of these different
types may cause different magnitudes of uncertainty.

Signature of disturbance:

The signature of the disturbance (wide band, narrow band) may affect the magnitude of
uncertainties induced by the receiver.

3)

71.3.4.3 Measurement procedure-related
Receiver settings are discussed.in this subclause. Still some degrees of freedom are left for

i
qettings of the receiver (by hand-or software controlled). This may lead to uncertainties that
depend on the type of disturbance (broadband/ narrowband) of the EUT in question.

1.3.4.4 Environment-related

Product sampling (optional):

This is especially important if the measurement is repeated by the manufacturer for-qualit
assurance reasons or if the 80 %/80 % rule is to be applied. If the manufacturenperform
a type test, then the manufacturer may repeat the measurement using different.samples o
the same type of EUT. In case of market control by an authority using different’samples 9
the same type of EUT, then also the 80 %/80 % rule may be applied.

—h —h V<

Set-up of unit(s) and cables:

Despite the specification of the EUT set-up in product standards,&this influence quantit
may give rise to significant uncertainties if the same EUT is~ptepared and set up b
different operators and test laboratories. Especially if the EUT\consists of different unit
and several interconnecting cables, the uncertainty due to the*many degrees of freedom o
setting up the EUT may be significant. Also EUT cablés have to be extended usin
representative cables, to make clamp measureniénts possible. Different type
(diameter/shield performance, etc) of extension cabtes/may introduce also differences i
results.

o rO——rrr<<<

Modes of operation of EUT:

During the measurement, meaningful modes of operation shall be selected. If the tedt
mode of operation is not specified, then different operators/test laboratories may seleg
different modes in conjunction with diffefent receiver settings and scan speeds.

—

Signal to ambient ratio:
Due to the faetythat the EUT is connected to the mains, an increased conducted ambienit
disturbance\signal shall be considered as an influence quantity.
Mains voltage variations:

Mains voltage deviations from the nominal mains voltage may give rise to uncertainties, a$
the' level of disturbance power depends on the mains voltage level.

Application of mains decoupling devices:

Different test laboratories may apply different mains decoupling devices like CDNs,
decoupling transformers, variacs, LISNs or combinations thereof. These different
decoupling devices may give rise to different disturbance levels, also depending on the
category of EUTs (mains connection with or without protective earth).

7.3.4.5 Measurement instrumentation-related

a)

Accuracy of receiver:

The accuracy can be taken from the specification and calibration certificate of the
receiver. If necessary, the uncertainty for different types of signals/responses may be
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considered, i.e. CW accuracy, pulse amplitude response accuracy, pulse repetition
response accuracy.

b) Clamp factor uncertainty:

The clamp factor uncertainty shall be taken from the clamp calibration uncertainty budget
provided by the clamp supplier or derived by the test laboratory itself (see 7.2.5 and
Annex C).

c) Decoupling factor clamp:

A minimum requirement is specified for the decoupling factor of the absorbing clamp. The

|

f

near end of the LUT. Although different clamps will comply with the minimum requirement,
the decoupling performance may be different and may give rise to different measureme
results.

decoupling factor specifies the amount of decoupling of the far end of the LUT from thrf
t

) Decoupling to receiver:

Also a minimum requirement for the common mode decoupling of the”LUT to th
measuring system is given. It is expected that the residual uncertainty is.small.

D

.3.5 Application of the uncertainty budget
.3.51 General

h general, the knowledge of the expanded uncertainty of the“clamp measurement method
erves two purposes, i.e. determination of the measurément instrumentation uncertainty
nd/or the standards compliance uncertainty.

.3.5.2 Measurement instrumentation uncertainty (MIU) considerations

First, the MIU can be calculated for accreditation purposes of the test laboratory. For thi
urpose it is sufficient to consider the uncertainties induced by the test laboratory only, i.€.
he uncertainties related to the measurement instrumentation, the environment and th
neasurement procedure. The resulting, MU can be used to compare with the minimum MIU
alues stated in CISPR 16-4-2.

o

D

.3.5.3 Standards compliance uncertainty (SCU) considerations

becondly, the SCU can be-calculated for the measurement method in combination with
ypical type of product,.This value of the SCU can be used for risk assessment of non
ompliance against a _certain limit. For measurement correlation discussions between two teg
bboratories where the) ‘'same’ measurement was performed using the ‘same’ EUT, also thg
ncertainties induced by the EUT has to be included in the budget. Also for marke
urveillance, the.SCU of both test laboratories involved shall be considered.

— T

—

.3.6 Typical examples of the uncertainty budget

[ables>F.1 and F.2 of Annex F give a typical uncertainty budget for the clamp measuremenit
nethod. The two tables are for the two frequency ranges of 30 MHz to 300 MHz and

00/MHz to 1 000 MHz respectively.

The uncertainty budgets are calculated in accordance with the procedure given in Clause 4.

For the budgets presented in Annex F, most of the budget contributions are type B
evaluations, and use data from -calibration certificates, instrumentation manuals, manu-

f
t

acturer’s specifications, previous measurements or from models or generic understanding of
he measurement method. The probability distributions and uncertainty values for the various

uncertainty sources/influence quantities that are given in Annex F are derived from various
sources of information, i.e. [49], [22], [41].

Unfortunately no model is available for the relation between the measurand (disturbance
power) and the various influence quantities. All that can be said is that the measurand is a
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f

unction of the influence quantities given in Table 7. Most standard uncertainty values of each

influence quantity must be derived using type B methods of evaluations. Further, it is
assumed that all sensitivity coefficients are equal to one. However, due to the absence of a
realistic model, the true value of the sensitivity coefficients is unknown.

Each table also provides the result of both the MIU and SCU calculations. The typical values
of the MIU and SCU from these tables are summarized in Table 9. The MIU is typically 5 dB

t

0 6 dB whereas the SCU may amount to approximately 8 dB.

[

O Tt o = c —

D T

—

.9./ Veritication of the uncertainty budget

Four round robin tests (RRTs) have been carried out as part of the CISPR work on améending
he clamp calibration and clamp measurement method.

[he results of the second RRT are reported in [21]. In this RRT, four test/laboratorie
articipated and a reference radiator (comb generator based) was used as EUT. Also eac
pst laboratory used the same absorbing clamp. Consequently, the ungeftainties resultin
rom this RRT represent just a part of the MIU. The measurement results of this RRT show
tandard deviation of approximately 1 dB up to 300 MHz and 24dB up to 1 GHz. Thi
orresponds to expanded uncertainties of approximately 2 dB and 4(dB respectively.

=0

[he results of the third RRT are reported in [23]. Six accredited laboratories contributed t
his RRT using two different types of real EUTs, i.e. a drill @nd a hairdryer. For the two EUT
sed in this RRT, the expanded SCU was 16 dB and 8,1.dB respectively. The measuremen
esults of the drill are given in Figure 24 as an examplé&. The large value of the SCU for th
rill was due to repeatability problems of the drill. But\also the measurement results of one g
he laboratories were the main contributor to -this large uncertainty (see curve 6a i
Figure 24). When the results of this laboratory~are skipped from the database, then th
xpanded SCU values reduce to 6,3 dB and 5,3 dB respectively.

— IO

D

=

O—=

h 1998, a disturbance power RRT was also carried out in Germany. Six laboratorie
articipated in this RRT where a universal motor of a vacuum cleaner was used as the EUT|.
[he results are depicted in Table~8" The expanded uncertainty of 4 dB (see Table 8) i
stimated from the maximum value.of the standard deviation.

1°2

"2

from the results of the various RRTs, it is concluded that the SCU depends very much on th
ype of EUT and its intripsic/uncertainty.

1”4

Finally, for compatison reasons also the typical MIU (4,45 dB) given in Table A.3 of
LISPR 16-4-2:2003is included in Table 9.
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The thick curves represent the average-and standard deviation.

Figure 24 — Measurement results of an absorbing clamp RRT performed by six test
laboratories in the Netherlands using a drill as EUT

Table 8 — Measurement results of:an absorbing clamp RRT performed by six test
laboratories in Germany using a vacuum cleaner motor as EUT

Frequency range
30MHz -50 MHz 50 MHz -100 MHz 100 MHz - 200 MHz -
200 MHz 300 MHz
Max. Freq. Max. Freq. Max. Freq. Max. Freq.
value value value value
aboratory dB(pW) MHz dB(pW) MHz dB()pW MHz dB()pW MHz
LUab 1 (outside) 34 35,3 29 52,3 31 189,3 30 243,9
Lab 2 (screengd¢oom) 37,9 31,6 30,1 70,5 30,4 187 27,9 264,6
LUab 3 (screengd room) 38,4 31,8 29,9 54,2 29,8 189,5 26,4 237,5
LUab 4 (sereened room) 34,1 32,1 27,1 73,0 30,5 123,1 26,2 260,5
LUab_5 (outside) 35 31,7 28 70,5 32 191,3 29 257,7
Lab 6 (screened room) 34 30,5 30 70,1 30 150 28 250
Average 35,6 29,0 30,6 27,9
Standard deviation 2,0 1,2 0,8 1,5
Max. deviation from the 2.8 1.9 1.4 +2.1
average
Max. dlffere_nce between 4.4 3.0 2.2 38
max. and min.
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Table 9 — Summary of various MIU and SCU values (expanded uncertainties)
for the clamp measurement method derived from different sources of information

Expanded uncertainty value
Uncertainty

Reference (dB)
category
30 MHz — 300 MHz 300 MHz — 1 000 MHz
Tables F.1 and F.2 of MIU 6.2 5.1
Annex F

oloepD 10 4 1 MALLL 4 45 Naot 1 bl

CHSPR46-4—4 M 445 Net-appleable
Tables F.1 and F.2 of scu 7.9 8.4

Annex F

RRT result: drill [23]
and Figure 24 (all SCU 16,0 Not applicable
laboratories included)

RRT result hairdryer

[23] (all laboratories SCU 8,1 Not @applicable
included)
RRT result: drill [23]
(one laboratory SCU 6,3 Not applicable
excluded)

RRT result hairdryer
[23] (one laboratory SCU 5,3 Not applicable
excluded)

RRT result vacuum

cleaner motor [19] Scu 4,0 Not applicable

8 Radiated emission measurementstising a SAC or an OATS in the frequency
range of 30 MHz to 1 000 MHz

8.1 General

§.1.1 Objective

ssociated with measufement equipment and the measurement method used for radiate
mission measurements in the frequency range of 30 MHz to 1 000 MHz in a SAC or on a
DATS. Furthermoréqa rationale is provided for the various uncertainty aspects described i
everal parts of CISPR 16 that are related to the radiated emission measurement method (se
Clause 7 of CISPR 16-2-3:2006).

W N ¢ o W o W« » W o M |

n CISPR 16-4-2, the uncertainty considerations for SAC/OATS-based radiated emissio
heasurements are limited to measurement instrumentation uncertainties (MIU). This parn
ddresses all uncertainties that are relevant for compliance testing, i.e. the standard
ompliance uncertainty (SCU), which also includes the MIU.

O Q) = —

[his subclause providesginformation and guidance for the determination of uncertaintieg

PO—=—"SC¢

=

The rationale for the methods of uncertainty estimation provided in this clause is intended to

serve as background information for the parts of CISPR 16 that are related to the SAC/OATS

based emission measurement method. This background information may be used by CISPR
subcommittees to improve existing standards as far as uncertainties are concerned. In
addition, this subclause provides information for those who apply the radiated emission

measurement method and who have to establish their own uncertainty estimates.

8.1.2 Introductory remarks

This subclause provides information on the uncertainties associated with the SAC/OATS

based radiated emission measurement method as described in CISPR 16-2-3. The uncertainty
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estimates for the SAC/OATS radiated emission measurement method described in
CISPR 16-4-2, or for example in LAB 34 [46], address only some of the uncertainty
components present in actual compliance tests performed in accordance with CISPR 16-2-3.
Uncertainty estimates in the aforementioned documents account only for the measurement
instrumentation uncertainties (MIUs), whereas uncertainties due to the set-up of the EUT
including its cables, and due to the measurement procedure itself, are not taken into account.
In this subclause, all uncertainty sources that are relevant for the measurement uncertainty of
the compliance test, termed as the standards compliance uncertainty (SCU), are considered.
One basic assumption for these SCU estimations is that the EUT does not change. In other

onsidered based on using the same EUT as measured by different test laboratories. Th
bboratories will use different measurement instrumentation, a different test site, different
heasurement procedures, and different operators. Often the laboratories may als©) appl
ifferent measurement set-ups or different EUT operating modes. The latter EUT-relate
ources of uncertainty may become significant, and can contribute to poor reproducibility.

W o = — 0
o=

],

4

[he uncertainty estimation described in this clause is done in accordance with the basi
gonsiderations on uncertainties in emission measurements given in Clausé\4.

8.2 Uncertainties related to the SAC/OATS radiated emissionimeasurement method

8.2.1 General

This subclause describes the preparation of the uncertainty estimates for the SAC/OATS
hased radiated emission measurement method describedhin Clause 7 of CISPR 16-2-3:2006,.
For reference, a schematic overview of the radiated emission measurement method is given
ih Figure 25. This figure shows an EUT set up on a positioning table in a SAC. The receivs
gntenna measures the sum of the direct and reflected emission from the EUT.

N7

\
V
I Receive antenna
mast
SAC ™
Receive antenna
~
Table-top Dr';eCt
EUT Y
EUT
cable Reflected AN
ray Receive antenn
cable
EUT
table ~N /

Ground plane

Receiver / @

IEC 506/07

Figure 25 — Schematic of a radiated emission measurement set-up in a SAC
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8.2.2 The measurand

Previously, the measurand for the SAC/OATS-based radiated emission measurement method

n CISPR 16-2-3 was only incompletely defined. In Clause 4 of CISPR 16-1-4:2007, which

covers the frequency range 9 kHz to 18 GHz, a reference antenna (balanced dipole) was
specified in the range 30 MHz to 300 MHz. For convenience, the measurand was called the
reference electric field strength (E-field), i.e. the E-field measured by the CISPR reference
antenna. In the frequency range 300 MHz to 1 000 MHz, a reference antenna was not defined,
and the measurand is the electric field strength. Recently work was done in CISPR/A to

[{a)

|

Q)

to 1 000 MHz, as published in CISPR 16-1-4 (2007).

I
is not a complete description of the measurand, because as described™ in the
ISO/IEC Guide 98-3, the measurand definition also requires statements about the influencg
q

From a metrological viewpoint, a more appropriate description of the measurand associated
with the SAC/OATS-based radiated emission measurement, is as follows:

The quantity to be measured is the maximum field strength emitted-by the EUT as a functio
of horizontal and vertical polarisation and at heights between 1°'m and 4 m, and at a horizont3
distance of 10 m from the EUT, over all angles in the azimuth plane.

|

Q)

) the quantity shall be expressed in terms offield strength units that correspond with th
¢) a SAC/OATS measurement site and pgsitioning table shall be used that complies with thg

d) a CISPR-compliant EMI receiver-shall be used;
@) the application of alternative(measurement distances, such as 3 m or 30 m rather than th

mplement E-field as the quantity to be measured over the frequency range of 30 MHz

h this subclause, it is assumed that the quantity to be measured is the E-field. However, this

O——¢

uantities.

—

[his quantity shall be determined with the following provisions:

) the frequency range of interest is 30 MHz to 1 000"MHz;

14

units used to express the limit levels for this quantity;

174

applicable CISPR validation requirements;

D

nominal distance of 10 m [see 8.2.4.4 a)], is considered to be an alternative measuremen
method; correlation factors shall be used to translate results obtained at thes
measurement distanees’/to 10 m results [see 8.2.4.4 a) for the consequences in terms o
uncertainties];

—

= >

the measureméni distance is the horizontal projection onto the ground plane of the
distance between the boundary of the EUT and the antenna reference point;

1"

) the EUT is.configured and operated in accordance with the CISPR specifications;
) free-space antenna factors shall be used.

[he measurand E is derived from the maximum voltage reading V; by using the free-spacg
ntenna factor Fa:

|
E:VI’+LC+FA+ZCI'Q (24)
i
where
E is the field strength in dB(uV/m) as described in the measurand description;
Ve is the maximum voltage reading in dB(uV) using the procedure as described

in the measurand description;

L is the loss in dB of the measuring cable between antenna and receiver;


https://standardsiso.com/api/?name=849b8b503552707298a8b31014b796a3

- 74 - TR CISPR 16-4-1 © IEC:2009(E

Fa is the free-space antenna factor 3 of the receive antenna in dB(m'1); and

)

ZC,'-Q is the sum of the correction factors C,'-chat may be applicable for the various

i influence quantities as described in 8.2.4.

8.2.3 Uncertainty sources

This subclause summarises the sources of uncertainty associated with the SAC/OATS-based

rmeasurement method. From Equation (24), it can be seen that the uncertainty is determine
by the uncertainty of the measured voltage, the uncertainty of the cable loss, and~ths
Uncertainty of the antenna factor.

'he uncertainty of the measured voltage is determined by the uncertainties |induced b
he EUT, the set-up, the measurement procedure, the measurement instrumentation and the

[his fishbone diagram indicates the categories of uncertainty sources that contribute to thg
verall uncertainty of the measurand. An important set-up uncertainty source is thg
eproducibility of the set-up of the EUT.

MEASUREMENT
PROCEDURE

Nominal measufement -

SET-UP distance
EUT Receiver settings -
Influence type - EUT cables - Height scanning
of EUT receive antenna-
Reproducibility - EUT units - Azimuth

scanning EUT -

>

OVERALL
UNCERTAINTY

Receiver petformance - L
R Climatic -

Test site performance + ambient

Electromagnetic -
ambient

Receive
antenna performance -

Receive antenna cable - )
Mains

connection -

MEASUREMENT

INSTRUMENTATION ENVIRONMENT
IEC 507/07

.
t
gnvironment. Figure 26 gives a schematic overview of all the relevant uncertainty sources|.
1
q
M

i

D

L

D

O—D

Figure 26 — Uncertainty sources associated with the SAC/OATS
radiated emission measurement method

3 Free-space antenna factors are used as a figure-of-merit for the antenna. It should be noted the field strength

is not measured in a free-space environment but over a ground plane. See 8.2.4.6 h) for further information.
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8.2.4 Influence quantities
8.241 General

For most of the qualitative uncertainty sources given in Figure 26, one or more influence
quantities can be used to “translate” the uncertainty source in question. Table 10 shows the
relationship between the uncertainty sources and the influence quantities. If an influence
quantity cannot be identified, the original uncertainty source will be used in the uncertainty
estimate. For each of the uncertainty sources and influence quantities, details are provided
below.

OTE The uncertainty sources and influence quantities terms used in this subclause and in the remainder g
lause 8 may deviate from similar terms used in CISPR 16-4-2. This is justified for the following reasons;a).som
f the influence quantities are specifically applicable for SCU, and are not applicable for the MIU-only estimates g
ISPR 16-4-2; b) some of the influence-quantity terms used in CISPR 16-4-2 are not quantified or are nhot clearl
entified. For instance, the term “site imperfection” is a qualitative term used in CISPR 16-4-2. The term “NS
eviation” used in Table 10 is more appropriate because it reflects a specific and well-khnown quantity.
urthermore, the term “noise floor proximity” is not clearly defined, while the term “signal-to-noise ratio” is a well-
nown and quantifiable term.

= U —

= 10 o OO0 O =2
>

=

herefore it is intended to harmonise with the terms used in this document in future maihtenance of CISPR 16-4-2.
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Table 10 — Influence quantities for the SAC/OATS radiated emission measurement
method associated with the uncertainty sources of Figure 26

Subclause Uncertainty source Influence quantity
8.2.4.2 EUT-RELATED
a) Influence of type EUT on other Size of EUT
b) uncertainty sources Type of disturbance
c) o Product sampling
Reproducibility of FUT
d) Modes of operation
8.2.4.3 SET-UP-RELATED
a) Layout of EUT unit(s) and cable(s)
b) Termination of cable(s)
EUT set-up
c) Measurement distance tolerance
d) EUT height above ground plane tolerance
8.2.4.4 MEASUREMENT-PROCEDURE-RELATED
a) Nominal measurement distance Nominal measuremment distance
b) Receiver settings Receiver settings
c) ) ) . Height-scanning step size
Height-scanning of receive antenna —
d) Start and\stop position tolerance
e) Azimuth-scanning of EUT Azifouth step size
8.2.4.5 ENVIRONMENT-RELATED
a) Climatic, ambient Temperature and humidity tolerances
b) Electromagnetic ambient signals Signal-to-ambient-signal ratio
c) . . Mains voltage variation
Mains connection
d) Application of mains coupling devices
8.2.4.6 MEASUREMENT-INSTRUMENTATION-
RELATED
a) Receiver accuracy
b) ) Mismatch at the receiver input
Receiver performance
c) Measuring system reading
d) Signal-to-noise ratio
e) NSA deviation
f) Test-site.performance EUT positioning table
g) Influence receive-antenna mast
h) Free-space antenna factor uncertainty
i) Type of receive antenna (directivity)
i) Antenna-factor height dependence
k) Receive-antenna performance Antenna-factor frequency interpolation
1) Antenna phase-centre variation
m) Antenna unbalance
LAY} CIUDD‘PU:GI;DCX“UII pUIfUIIIIaIIbU
o) . Cable loss uncertainty
Receive antenna cable
p) Mismatch a
q) Measurement system repeatability Measurement system repeatability

a When a single cable is used, there are two sources of mismatch between the antenna and the receiver:
— between the antenna and the cable;
— between the cable and the receiver (=mismatch at receiver input).

If a test lab uses several cables to interconnect the antenna and the receiver, additional mismatches may be
present. In the estimation of MIU, typically only a single mismatch influence quantity is included.
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8.24.2 EUT-related influence quantities

a)

Size of EUT:

Various influence quantities depend on the type of the EUT, i.e. large EUTs, small EUTs,
EUTs with single or multiple attached cables. The electromagnetic behaviour of these
different EUT types may cause different contributions to uncertainty. Influence quantities
that are affected by the size of the EUT are included as part of the EUT set-up-related
influence quantities in 8.2.4.3. For the EUT-related uncertainty source, no specific
uncertainty value will be assigned to the size of the EUT, to avoid double counting of
uncertainties. Instead, the size of the EUT shall be considered as an influence quantity for

)

Q)

§.2.4.3 Set-up-related influence quantities

the uncertainties of the set-up-related uncertainty sources discussed in 8.2.4.3.
Type of disturbance:

=1

The type of the disturbance (broadband, narrowband or intermittent) radiated by.thé EU]
may affect the magnitudes of the uncertainties induced by the receiver and by th
measurement method applied (e.g. probability of intercept of broadband signals).

D

Product sampling (if applicable):

This influence quantity is especially important if the measurement is repeated by the
manufacturer for quality assurance reasons, or if the 80 %/80 % <fule is to be applied.j

D

the manufacturer performs a type test, the manufacturer may répeat the measureme
using different samples of the same type of EUT. In casesof market surveillance th
involves measurements on different samples by another test’laboratory, the 80 %/80 9
rule may also be applied.

e —h

122

Modes of operation of the EUT:

During the measurement, meaningful modes ofeperation shall be selected such tha
representative and worst case radiated emissions.are obtained. In cases that the modes
operation are not specified, different operators and/or test laboratories could seleg
different modes in conjunction with differentteceiver settings and scan speeds, which ma
induce significant reproducibility uncertainties, and therefore affecting SCU.

—h —

<

Layout of EUT unit(s) and cable(s):

Despite the specification of thevEUT set-up in product standards, this influence quantit
may cause significant uncertainties when different operators and different test laboratorie
configure a given EUT, Especially for an EUT that consists of several enclosures an
interconnecting cables;the uncertainty due to the many degrees of freedom allowed fo
setting up the EUT(may be significant. This influence quantity contributes to the SCU|
Results of the CISPR/A RRT in the frequency range 30 MHz to 300 MHz [32] revealed thg
the uncertainty ‘induced by the set-up for the specific EUT was approximately 7 dB. Th
uncertainty associated with the set-up of an EUT depends largely on the type of the EUT]|.
Table 11 provides qualitative guidance for the set-up uncertainty as a function of EUT
type. Above 200 MHz, the effect of different cable layouts is reduced.

= <<

—

D

Table 11 — Relation between/and type of EUT and set-up-related uncertainties

Type of EUT Set-up uncertainty
Table-top battery fed Very low
Table-top: single unit, single cable to mains Low
Table-top: multiple units, multiple cables to mains and auxiliary equipment High
Floor-standing equipment, single cable to mains Low
Floor standing equipment, multiple cables to mains and auxiliary equipment High

Termination of cable(s):

Different test laboratories may use different cable decoupling devices, such as CDNs,
decoupling transformers, absorbing clamps, LISNs, or some combination thereof, or none.
These different decoupling devices affect the common-mode impedance, as seen from
the EUT, and may produce different disturbance levels. Disturbance levels also depend on
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the category of the EUT (mains connection with or without protective earth) and on the
type (dimension) of EUT (see references [34] and [24] for further details). A summary of
the expanded uncertainty results for the EUTs of [24] is given in Figure H.1 of Annex H.
Between 30 MHz and 200 MHz, application of different termination devices, such as
common-mode absorbing device (CMADs), CDNs or LISNs, may cause a significant
variation of results, i.e. 10 dB to 20 dB expanded uncertainty below 100 MHz. This
influence quantity may be significant when estimating the SCU, especially below 200 MHz.

Measurement distance tolerance:

The uncertainty in measurement distance arises from uncertainties due to determination of

Q)

.24.4 Measurement procedure-related influence quantities

)

the perimeter of the EUT, distance measurement, and antenna mast rigidity. No correctig
is made for errors in the measurement distance between the perimeter of the EUT andth
reference point of the receive antenna. Typically a measurement distance taleranc
of 10 cm can be expected, the effect of which is largest at small measurement
distances. The maximum uncertainty varies as a function of nominal measurement
distance and as a function of EUT height [12]. For table-top EUTs at 3 m(measurement
distance, the resulting uncertainty is approximately = 0,4 dB (rectangular distribution). Ip
practice, this maximum uncertainty is often estimated from the field variation of a source in
free space at a certain nominal distance. It should be noted that)oftentimes for largef
measurement distances, the free-space estimate does not provide*a conservative valug¢
[12]. See Table G.3 and Table G.4 in Annex G for uncertainty)values as a function df
measurement distance.

EUT height above ground plane tolerance:

The uncertainty of the standard EUT height above th€ ‘ground plane, i.e. 0,8 m for table
top EUTs, is typically £1 cm. The resulting efféect is a change in the interferenc
(radiation) pattern at the measurement location. Depending on the step size of the heigh
scanning of the receive antenna, this influence will induce an uncertainty of the measure
maximum electric field strength, the effect~0f which is largest at small measureme
distances. This uncertainty has an effect mostly at frequencies where the maximum fiel
strength is measured at either the lower or upper limits of the antenna scan height
(typically at the lower limit, near 1\m), provided that the height-scan step size i
sufficiently small. The uncertainty)varies as a function of measurement distance,
polarisation, and frequency range,.and as a function of nominal height of the EUT [12].
is shown in [12] that the effect@f’a 1 cm height tolerance is quite significant (+ 0,5 dB) fo
a nominal EUT-height of 0,4.m. For a table-top EUT (nominal EUT-height of 0,8 m) an
3 m measurement distance,; the height uncertainty of + 1 cm causes an uncertainty 9
approximately =+ 0,3 dBy\(rectangular distribution). See Table G.3 and Table G.4 i
Annex G for uncertainty values as a function of measurement distance.

O

—

— =

= —h L % ~—+

Nominal measUrement distance:

For SACIOATS-based radiated emission measurements, the nominal measurement
distanee(is 10 m (see definition of measurand in 8.2.2). If an alternative measurement
distance is applied, for example 3 m, then a conversion of the 3 m results into emission
reSults expected at the nominal measurement distance of 10 m shall be applied.

NOTE 1 The application of an alternative measurement distance, such as 3 m or 30 m rather than 10 m, i

considered to comprise an alternative measurement method. Conditions for the use of alternative
measurement methods, including uncertainty considerations, are described in CISPR/TR 16-4-5:2006.

In practice, such conversions are often done assuming that the emission from an EUT at a
certain measurement distance may be converted to another distance by applying the free-
space field-strength attenuation formula, i.e. 20 dB/decade or 1/r behaviour.

NOTE 2 In CISPR 22 (2008) the NOTE in 10.3.1 states that an inverse proportionality factor of 20 dB per
decade should be used to normalize the measured data to the specified distance, for conformity assessment.

However, the exact conversion very much depends on the type of EUT, the actual
measurement distances involved, and frequency. Different RRT results (see 8.2.7) confirm
that the correlations for a specific EUT do not follow the simplified free-space conversion
rule of 20 dB/decade. As an example, Figure H.5 of Annex H shows the actual and free-
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space converted results from 3 m to 10 m distances for a small table-top EUT, based on
results from an RRT [13], [25].

The correlation of results obtained from a SAC/OATS 3 m measurement distance to
a 10 m measurement distance is done by subtracting 10,5 dB from the results at each
frequency. For the example of Figure H.5, the actual correlation factor varies with
frequency between 5dB and 9 dB, and the average correlation factor is 7,6 dB. This
correlation factor shall be used as a correction of the results [Equation (24)]. Generic
correlation factors applicable to any EUT are generally not available. Use of a single
correction factor value for the entire frequency range causes an uncertainty that becomes

compared. Such a comparison can occur in market surveillance situations, for examplel.
Consequently the resulting uncertainty contributes to the SCU. Note also thatythi
influence quantity does not contribute to the MIU, because uncertainty contribution i
present even if measurement instrumentation and site effect uncertainties are negligible.
The results of Figure H.5 show that use of a correlation factor of 10,5 dB. yields overl
compensated results at 10 m. From a compliance determination point ofiiew it may b
more appropriate to apply a smaller correlation factor. The selection{of the correlatio
factor determines the resulting uncertainty, as far as the difference in“results obtained
different measurement distances is concerned. From the aspect. 6f~market surveillance
the difference in results may have less of an impact because it jis¥more important that th
measurement data is below the applicable limit in both cases.~In this case it might b
prudent to apply a conservative correlation factor, e.g. 5 dB:

—

O——=

Receiver settings:

Some flexibility is provided in the measurement methaed, standards for receiver settings, a
performed either manually or under software control: This may lead to uncertainties thg
are dependent on the type of disturbance (broadband/narrowband or intermittent) emitte
by the EUT (see CISPR 16-2-3). Some examples are the sweep time setting, setting o
input attenuation, and reference level setting

— S+ 7

Height-scanning step size:

The height of the receive antenna is~varied between 1 m and 4 m. The operator or th
measurement automation softwarexgstablishes the step size for the height variation. Th{
height step size influences the praebability of missing the maximum electric field strength g
the measurement position. Theévassociated uncertainty also depends on the type of EU]
(height above ground plane;—polarisation of the disturbance) and on the measureme
distance and frequency, The lobe height of the interference pattern is smallest for table
top EUTs at the highest frequency and at the shortest measurement distance of 3 m|.
Under these conditions, the step-size induced uncertainty will become highest.
Below 200 MHz, the associated uncertainty is negligible provided that the step size is les
than 25 cm. At higher frequencies (> 200 MHz) the uncertainty may be significant [12]. For
example, at a-3'm measurement distance and for a step size of 25 cm, the measured fiel
may be 1.dB)lower than the value measured using a near-continuous scan (height ste
size of 0,07 m). A reduced step size of 10 cm will reduce this deviation to 0,2 dB. Th
latter{figure is what is included in the example uncertainty estimates listed in Annex
(0 dB~to -0,2 dB, rectangular distribution, and a correction factor of +0,1 dB). At 10
and 30 m measurement distances, the step size may be reduced considerably to maintai
the same step-size induced uncertainty of +0 dB to -0,2 dB. For EUT heights of 0,4

O

—

(= |

continuous height scan minimizes this error contribution. However, with smaller height
step sizes, measurement time may increase drastically, because sufficient dwell time at
each incremental height is used to accommodate EUT operations.

Start and stop position tolerance (height scan):

The uncertainty in height of the start and stop position is typically a few centimetres.
Depending on the receive antenna height step size, measurement distance and frequency,
this will affect the probability of measuring the maximum electric field strength. This
uncertainty is related and similar in nature to the uncertainty-related to EUT height
tolerance. This uncertainty is significant at those frequencies where the maximum field
strength is measured at either the lowest or the highest positions of the antenna height
scan (generally at the lower limit near 1 m). There is an additional uncertainty if the
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height-scan step size is too large. The uncertainty is largest at the measurement distance
of 3 m and in the case of predominantly vertical polarisation of the disturbance source
[12]. For a table-top EUT at 3 m measurement distance, and with a receive antenna start-
position tolerance of £ 3 cm, the resulting uncertainty is = 0,6 dB (rectangular distribution).
For EUTs at a height of 0,4 m, the resulting uncertainty is + 0,2 dB. See Table G.3 and
Table G.4 in Annex G for uncertainty values as a function of measurement distance.

Azimuth step size:

The azimuth radiation pattern of an EUT radiating in free space becomes more directive at
higher frequencies. However, the ground reflection tends to make the overall azimut

)

Q)

§.2.4.5 Environment-related influence quantities

pattern omni-directional again, whereas grating lobes appear in the elevation pattern. Th
EUT must be rotated in azimuth in order to capture the maximum emission, and thus_th
azimuth step size and the azimuth start position determine the probability of intefcept o
the maximum electric field strength within a certain tolerance. The associated uhcertaint
does not depend on measurement distance. A continuous rotation will minimizejthis effect

K —h W W

Temperature and humidity tolerances:

These environmental influence quantities are considered to haveya nhegligible impact o
the result of the measurement for measurements done in a SACCAF an OATS is used, the
depending on the dimensions and shape of the conducting ground plane, the influence o
water on the ground plane, the ground properties beyond the ground plane, and wet or dr
nearby vegetation may have an impact on site performance. So this influence quantit
should be taken into account in the test site perforntance [see 8.2.4.6 e)]. In addition
sensitivity of the measuring equipment (antenna, recgiver) to environmental parameters i
generally negligible.

" A ~a— |

The insertion loss of the cable between antenna and receiver varies with temperaturd.
This may cause repeatability problems for QATS measurements. The cable loss should b
measured at a temperature close to the temperature at which the emission measurement
will be made. The use of white-sheathedcable can reduce short-term variations caused b
intervals of direct sunlight and cloud cover.

<—r—®

Similarly, for measurements done ‘at an OATS, direct exposure to sunlight may caus
temperature variations within thé,EUT and consequently variation of the level of radiate
emission. This influence (quantity will contribute to the SCU. The use of a
electromagnetically-transparent shelter (radome) may reduce the impact on the EUT fron
sunlight irradiation and_humidity.

= )= =D

Signal-to-ambient-sighal ratio:

When using an _QATS, the ambient levels of radiated emissions from radio transmitter
may negatively.impact the measurement of radiated emissions at specific frequencies, o
even render @missions measurements impossible. The associated uncertainty of the
measured-disturbances that coincide with the ambient radio frequencies may therefore b
significapt> In general these ambient signals are not coherent with the measure
disturbance, and therefore can be treated as a noise signal. The resulting errors depen
on.the ratio of the disturbance signal and the ambient signal, and the level of the interna
receiver noise [42], [50]. For measurements done in a SAC, the uncertainty due th¢
ambient radiated signals is negligible.

O—— 00—

Mains voltage variations:

The EUT shall be operated using a supply that has the rated voltage of the EUT (see 6.3.4
of CISPR 16-2-3:2006). If the level of disturbance varies considerably with the supply
voltage, the measurements shall be repeated for supply voltages over the range of 0,9
to 1,1 times the rated voltage. EUTs with more than one rated voltage shall be tested at
the rated voltage that causes the maximum disturbance. Deviations of the mains voltage
deviations from the nominal may introduce uncertainties if the level of disturbance power
depends on the mains voltage level. The magnitude of this variation will be highly
dependent on the type of EUT, and therefore should be evaluated for each EUT.
Consequently, this influence quantity will contribute to SCU. However, no specific
uncertainty figure can be estimated for this influence quantity.
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d) Application of mains decoupling devices:

The different mains filters and mains decoupling devices, such as CDNs, decoupling
transformers, variacs, LISNs or combinations thereof, used in various laboratories may
give rise to different disturbance levels, also depending on the category of EUTs (mains
connection with or without protective earth). See also 8.2.4.3 b) about mains connections.

8.2.4.6 Measurement instrumentation-related influence quantities
a) Receiver accuracy:

verification that the parameters are within specifications, then the specification values
should be used and treated as rectangular-distributed values to calculate the uncertainty|.

uncertainty, probability distribution, and confidence level), then this information can b¢
used to calculate the uncertainty contribution. If necessary, the uncertainty for different
types of signals/responses may be considered, i.e. CW accuracy; pulse-amplitude
response accuracy, and pulse-repetition response accuracy. Seé€ also Annex A of
CISPR 16-4-2:2003 for detailed considerations about the accuracy ef.the receiver.

B) Mismatch at the receiver input:

Mismatch uncertainties will occur due to the mismatch of the_measuring cable connecte
to the receiver. This mismatch uncertainty depends on the-receiver input impedance, th
input attenuation setting of the receiver, the antenna impedance, and the impedance an
attenuation properties of the measuring cable, which.are functions of frequency. See als
Annex A of CISPR 16-4-2:2003 and [34]. The returnoss of biconical and hybrid antenna
generally gets worse at low frequencies, such thatian attenuator is typically used betwee
the antenna and the cable to reduce VSWR to“less than 2,0 to 1 [CISPR 16-1-4:2007
4.4.2 d)]. The VSWR of the receiver input has“a maximum value of 2,0 to 1 (for zero d
input attenuation — which should be avoided; however), and VSWR of biconical and log
periodic dipole array (LPDA) antennas,*are 4,6 to 1 (maximum 10 to 1 or more
and 2,0 to 1, respectively. The mismatch uncertainty has a U-shaped distribution [16].
Typical values for mismatch uncertainties are +0,9/-1,0 dB below 200 MHz, and £ 0,3 d

between 200 MHz and 1 000 MHz(data taken from [34], [1]).

¢) Measuring system reading:

=5 OO0

Receiver reading uncertainties depend on receiver noise, display fidelity, and meter scal
interpolation errors. TFhelatter should be a relatively insignificant contribution to th
uncertainty for measuring systems with electronic displays (least-significant dig
fluctuation). However, for analogue meter displays, this latter uncertainty contribution sha
be considered.

d) Signal-to-noiseratio:

—

For radiated’emission measurements, the receiver noise floor will influence measuremen|
results; especially at the larger measurement distances of 10 m and 30 m. In general, th
impaeivof the noise also depends on the type of noise. Boltzmann (random) noise has fa
le§s-effect on a signal than does a coherent noise signal. The internal receiver noise i$
random noise, and the resulting error when measuring a disturbance will depend on th¢
disturbance-ta-noise-level ratiao [42] [50] For example a random naise level of 10 dB
below a CW signal causes an error of +0,7 dB on the CW signal, but an unwanted random
noise level of 3 dB down causes an error of +1,4 dB. In general, a larger measurement
distance will reduce the disturbance-level-to-internal-noise ratio [42]. Also, the use of pre-
amplifiers near the antenna will influence the noise floor level. Therefore, it is difficult to
give uncertainty estimates as a function of measurement distance due to the internal noise
floor level of the receiver. Table G.3 and Table G.4 in Annex G give some typical
uncertainty estimates as a function of measurement distance. The proximity of the actual
internal noise floor to the applicable emission limit can be used to estimate the resulting
error.

= D
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NSA deviation:

Imperfections of a SAC or OATS test site, for example caused by non-ideal absorbing
walls or a finite and irregular ground plane, directly affect the result of a radiated emission
measurement. The test site imperfections depend on the type of EUT (large, small) and on
frequency. The test site performance is quantified by the normalized site
attenuation (NSA), wherein the EUT is represented by a transmit antenna of similar type
as the receive antenna, and the NSA is evaluated for several positions of the transmit
antenna in the test volume. The test site pass/fail criterion for the NSA-deviation is
+ 4,0 dB. Note that an NSA measurement includes uncertainty components such as

finearity of the receiver, stabifity of the generator, and uncertainties of the two antenn
factors. See also05.6.3 and Annex E of CISPR 16-1-4:2007. For purposes ofthis
subclause, the intrinsic NSA performance should be used, i.e. the uncertainty of the 'NSA
measurement is subtracted from the NSA results. An example of the uncertainty_estimate¢
associated with the NSA measurement method, including uncertainty contributions from
instrumentation, is given in Table 12. The resulting expanded uncertainty /s + 2,0 dB.
Table 13 shows how this uncertainty affects a NSA measurement of a site ‘with an intrinsi¢
(actual) site attenuation deviation performance of + 3,0 dB (rectangular.distribution).
Table 12 — Example of uncertainty estimate associated with the NSA
measurement method, 30 MHz to 1 000 MHz
UNCERTAINTY SOURCES Uncertainty Probability Divisor Standard
Influence quantities value (+/-dB) distribution uncertainty
ANTENNA-RELATED
Transmit antenna factor uncertainty 1,0 Rectangular 1,73 0,58
Receive antenna factor uncertainty 1,0 Rectangular 1,73 0,58
SET-UP-RELATED
Tolerance measurement distance 0,1 Rectangular 1,73 0,06
Tolerance transmit antenna height 0,1 Rectangular 1,73 0,06
Tolerance start and stop position 0.1 Rectangular 1,73 0.06
receive antenna
TEST PROCEDURE-RELATED
Repeatability 0,5 Rectangular 1,73 0,29
MEASUREMENT
INSTRUMENTATION-RELATED
Stability generator 0,1 Normal 2,00 0,05
Linearity receiver/analyser 0,5 Rectangular 1,73 0,29
Mismatch atsthe input 0,4 U-shaped 1,41 0,28
Mismatch\at the output 0,4 U-shaped 1,41 0,28
Measuring system reading 0,1 Rectangular 1,73 0,06
Sighal to noise ratio 0,1 Rectangular 1,73 0,06
Combined standard uncertainty 1,01
Expanded uncertainty Normal 2,00 2,01
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Table 13 — Relationship between intrinsic and apparent NSA

QO

Value | Probability Divisor Standard

(+/-dB) distribution uncertainty
Uncertainty NSA measurement 2,0 Normal 2,00 1,00
Test‘ ‘ S|t§ deviation (=intrinsic NSA 3.0 Rectangular 1,73 1,73
specification)
Combined standard uncertainty 2,00
Expanded uncertainty (= apparent NSA Nermal 5 Aan 4 a0
specification) ’ ’

Calculation of the overall or apparent NSA (NSA including measurement uncertainty
obeys the rules of the uncertainty calculations, because the NSA is also a jstatistica
quantity that varies independently from the NSA uncertainty. In conclusiona site thq
complies with the NSA specification + 4,0 dB has an intrinsic test site deviation of + 3,0 df
(rectangular distribution). See also 8.2.4.5 a) for the impact of weather on OAT{
performance. If the measured NSA is less than the + 4 dB specification level, then th
actual measured (intrinsic) values can be used in the uncertainty.estimates thereby t
reduce the overall MIU.

—_. —

O—0—07—Co

EUT positioning table:

Support tables for EUTs are constructed of wood or other types of non-conductin
materials. The dielectric properties of these materials or,absorbed moisture may affect th¢
emission results, especially above 200 MHz (see 5.9 of ‘CISPR 16-1-4:2007) for table-to
equipment. An estimate of the deviation can be obtained using the measurement metho
described in 5.9 of CISPR 16-1-4:2007 (rectangulandistribution). The impact of low-heigh|
support tables used for floor-standing equipmenti are considered to have a negligiblg
impact, provided that the perimeter of the support table is less than or equal to the EUT
perimeter at the base (footprint).

— O

=T

Influence of the receive antenna mast:

The antenna mast assembly used for the positioning of the receive antenna may als
affect the measurement results, ,[f'the same antenna mast is in place during the sits
validation testing, the uncertainty: due to the receive antenna mast does not need to b
considered separately. However, if a different antenna mast is used during NS/
measurements, the effects -of the antenna mast used for emission measurements shall bg
evaluated separately. The 'resulting deviation shall be included in the uncertainty estimat
(see also 5.9 of CISPR 16-1-4:2007).

Free-space antenna factor uncertainty:

O— 00—~

—

The uncertainty-0f the antenna factor directly affects the uncertainty of the measuremen|
result [see EqUation (24)]. In principle, the antenna factor to be used depends on the EUT
to be measured and on the test site configuration. This is because the incident field is ng
a uniformoplane wave, incident from a single direction, and in addition the height of thg
antennha 'above the ground plane is varied during the measurement. However, it has bee
demonstrated that on average, the application of free-space antenna factors instead o
geometry-specific antenna factors yields results with the lowest uncertainties (see [11]).
For this reason, CISPR/A recommends the application of free-space antenna factors as a

— = D 1

practical single frequency-dependent figure-of-merit (ongoing work in CISPRJ/A). The
uncertainty of the free-space antenna factor is listed in antenna calibration reports. Typical
expanded uncertainty values for the calibration of free-space antenna factor are + 1,5 dB
(normal distribution, coverage factor £ = 2).

Apart from the calibration uncertainty, uncertainties associated with the practical
simplification that comes from application of the free-space antenna factor shall also be
considered. The influence quantities associated with this antenna factor simplification are
the type of receive antenna (directivity), and the antenna height dependence. These
influence quantities are discussed in the following two list items.
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Type of receive antenna (directivity):

The free-space antenna factor used as a simplified single figure-of-merit is not sufficient to
give an accurate conversion of the measured voltage to electric field strength at the
position of the antenna phase centre. In practice, various types of antennas may be used,
ranging from tuned dipole antennas to broadband antennas. Different types of antennas
will average the incident field strength differently. Instead of this “spatial” viewpoint
(averaging of incident field strength), a “radiation pattern” viewpoint (plane-wave spectral
approach) can be used to represent the effects of different types of antennas. For
instance, electrically-small antennas generally have a wide beamwidth, while large

artenmas are Tore directiomat—and rave a smatter beamwidth— T his—wit—mftuence—th
weighting of the direct and reflected field rays from the EUT. The uncertainty associate
with different types of antennas may be expressed by considering the radiation patter
(directivity) of the antenna. Large uncertainties may result in case the radiation patter
collapses, meaning the gain in the direction of the direct field ray from the EUT ‘is muc
smaller than the gain in the direction of the reflected field ray contribution.-A/quantitativ
analysis of this “directivity” influence quantity is given in [47], where the“CISPR tune
dipole (see Clause 4 of CISPR 16-1-4:2007) is used as the reference. for judging thg
differences due to application of different types of receive antennas:\The impact of th
type of receive antenna depends on the following parameters:

O—0—C— 00—

— type of EUT (vertical polarisation, due to directivity of receive-antenna);

— frequency (higher frequencies yield higher directivity of reeeive antenna patterns);

— measurement distance (smaller incidence angle ,of-the reflected field at largef
measurement distances).

See Table G.3 and Table G.4 in Annex G forJuncertainty values as a function of
measurement distance.

Antenna factor height dependence:

The actual antenna factor will vary as afunction of height above the ground plane, due t
the coupling of the antenna with its imiage. On average, the free-space antenna factor i
the best choice to replace the height-dependent antenna factor. The antenna factor heigh
variation depends on:

— ) O

— polarisation (substantial effect for horizontal polarisation, mostly negligible for verticdl
polarisation);

— antenna type (LPDA}biconical, etc);

— frequency (less (coupling of the antenna with its image at higher frequencies due t¢
larger distancé"in terms of wavelengths).

In reference [28}/ background information and quantitative information is available about
antenna factervariations (with respect to the free-space antenna factor) for different type
of antennas-and as a function of frequency.

o

Antenna‘factor frequency interpolation:

—h

An_antenna calibration report generally provides antenna factor data at a number 9
discrete frequencies. Antenna factors at intermediate frequencies are then often derive
by linear interpolation. The uncertainty associated with antenna factor interpolation

o—C

depends on the initial number of frequency points provided in the calibration report.
Commercially available receive antennas generally have a smooth variation of the antenna
factor as a function of the frequency, and therefore the uncertainty due to antenna factor
interpolation is small. The maximum of half of the differences between two successive
values of the antenna factor can be used to estimate the antenna factor interpolation
uncertainty, using a rectangular distribution. Many antennas, particularly hybrid ones,
have sharp changes of antenna factor with frequency, where the uncertainty will be larger;
use of smaller frequency steps in the antenna calibration will minimize this uncertainty.

Antenna phase centre variation:

It is advantageous to use the phase centre of the receive antenna as the reference point
to establish the measurement distance between the EUT and the receive antenna,
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because the phase centre is the point on the antenna where the free-space antenna factor
is applicable.

NOTE In the transmit mode, the phase centre can be considered as the apparent point source from which
radiation originates. In general, the phase centre of an antenna may vary as a function of the angle of
incidence, but this effect is small for EMC measurements.

For dipole-type antennas, the phase centre of the antenna is located between the two
elements at the feed point (or balun). The position of the phase centre of an LPDA
antenna varies with frequency, and it is located near the dipole element that is active at a

certain frnqnnnr\y (‘nnenqnnnfly, the pnei’rinn of the phaen centre varies with rnerl_\nr\’r to

m) Antenna unbalance:

the fixed reference point of the LPDA antenna, which is usually taken to be midway
between the elements that are resonant at the ends of the operating frequency range. As
the antenna reference point is at a fixed measurement distance from the EUT, the|actudl
measurement distance may vary as a function of frequency. This distance variatien effeqgt
(uncertainty) is largest at the ends of the operating frequency range, and is¢larger fofr
shorter measurement distances. The uncertainty can be neglected for antepnas, where the
phase centre coincides with the reference point, e.g. tuned dipoles ‘and biconicg|
antennas.

Table G.3 and Table G.4 in Annex G include phase centre variatign uncertainty values a
a function of measurement distance. See also references [17]}f11] for other information
about phase centre considerations of LPDA antennas.

o

The effect of an unbalanced antenna, i.e. when the balun has poor differential-to-common
mode conversion properties, is most evident in therlow frequency range (<200 MHz) an
when the measurement cable is oriented in parallel with the antenna elements. Th
pass/fail criterion for the unbalance of an_.anténna, i.e. response < 1 dB (see 4.4.3 o
CISPR 16-1-4:2007), provides an estimate- for the resulting uncertainty (rectangula
probability distribution).

= —h W0 = T

Cross-polarisation performance:

The cross-polarisation performance*of an antenna indicates how the antenna responds t
a cross-polarised incident planewave, relative to a co-polarised incident plane wave.
When an antenna is placed in a plane-polarized electromagnetic field, the terminal voltagg
when the antenna and field are cross-polarized shall be at least 20 dB below the terming
voltage when they arfe-'co-polarized (see CISPR 16-1-4:2007, 4.4.4). The cross
polarisation performance of dipole-type antennas (including biconical antennas) i
generally negligible=” LPDA antennas generally have a non-negligible cross-pola
response. An LRDA illuminated by equal field strengths in horizontal and verticg
polarisation (i-ewa field at 45°) will be measuring the co-polar field strength with an error o
0,9 dB if the cross-polar rejection of the LPDA is 20 dB [11]. The latter value may be use
as an ungertainty estimate (rectangular probability distribution) in the frequency rangs
where~ KPDAs are used (200 MHzto 1000 MHz). The cross-polarisation induce
uncertainty is relatively independent of measurement distance. In addition, at a
OAIS/SAC, the receive antenna may respond to longitudinal-polarised fields emitted b
an 'EUT (see [45], [37], [35]); the contribution from this longitudinal component depend
also on the measurement distance and the site performance. If the longitudinal crossH

=4

T <—C 00— 0T

polarisation rejection for a given combination of receive antenna and test site is poor
(susceptible to receive longitudinal field components), then the effect shall be accounted
for in the uncertainty estimates. References [45], [37], [35] do not provide quantitative
information on the uncertainties involved in responses to longitudinal-polarised field
components. Future enhancements of the SAC/OATS measurement method should take
this influence quantity into account.

Cable loss uncertainty:

The uncertainty of the cable loss directly affects the uncertainty of the measurement result
[see Equation (24)]. An estimate for the uncertainty of the loss of the measuring cable
between antenna and receiver can be obtained from the cable calibration report
(expanded uncertainty and normal distribution) or from manufacturer’s data (specified
tolerance and rectangular distribution). The level of cable-loss uncertainty is generally low,
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except when long cables are used on an OATS with large temperature variations (see also
temperature effects discussion in 8.2.4.5).

p) Mismatch:

This influence quantity is covered in 8.2.4.6 b); see also [16].

gq) Measurement system repeatability:

The measurement system repeatability can be evaluated from the standard deviation of a
series of repeated measurements using a stable reference radiator. The measurement
conditions for determining the measurement system repeatability should be considered

carefully to avoid double counting of uncertainties in the uncertainty estimate. It should
include typical variations caused by the measurement system that will occur in normd|
testing. The purpose of the measurement-system repeatability is to account for
unpredictable (random) variations of influence quantities that have not been identified|
Therefore repeatability measurements should not include rotation of the EUT (referenc
radiator in this case) and the receive antenna should be fixed in height beCause thosg
influence quantities have been addressed separately. Environment-related "uncertaintie
may be identified as well by performing a measurement system répeatability check.
However, these uncertainties may have already been included in the uncertainty estimat
(see 8.2.4.5). Note that the uncertainty contribution from the referénce radiator shall b
very small. This may be verified from specifications or from direci-measurement of the RF|
output of the reference radiator.

——

T O

.2.5 Application of the uncertainty estimate
.2.51 General

h general, knowledge of the expanded uncertainty of.the SAC/OATS-based radiated emission
heasurement method serves two purposes: estimation of the measurement instrumentation
ncertainty, and/or the standards compliance ungertainty.

.2.5.2 Measurement instrumentation‘inhcertainty (MIU) considerations

[he MIU can be calculated for accreditation purposes of a test laboratory. For this purpose, it
5 sufficient to consider the uncertainties induced by the test laboratory only, i.e. thg
ncertainties related to the measurement instrumentation, the environment, and th
heasurement procedure. The resulting MIU can be used to compare with the specified MIU
alue stated in CISPR 16-4=2:2003, i.e. Ugispr = 5,2 dB. If the MIU exceeds this Ugspr Value
he exceeding amount shalll be accounted for in the pass/fail decision, as described in 4.1 of
CISPR 16-4-2:2003.

——®

.2.5.3 Standards compliance uncertainty (SCU) considerations

'he SCU can be estimated for the measurement method in combination with a typical type of
roduct. Thig-value of the SCU can be used for assessment of risk of non-compliance againsit
certain radiated emissions limit. In cases of measurement correlation discussions between
wo test:laboratories where the “same” measurement was performed using the “same” EUT|,
he uncertainties induced by the EUT must be included as well in the uncertainty estimate. In

narket surveillance situations, in_principle the SCU should be considered by all of the

involved parties (manufacturer and the authority), because the SCU is a relevant figure-of-
merit for the reproducibility of the measurement method. However, an estimation of the SCU
applicable for any type of EUT may be difficult in practice. Therefore, some other approach
should be used for market surveillance applications. See 4.7.5.

8.2.6 Typical examples of the uncertainty estimate

Table G.1 and Table G.2 in Annex G provide a typical uncertainty estimate for a SAC-based

r

adiated emission measurement of a table-top EUT at a measurement distance of 3 m. Two

tables are provided corresponding to the 30 MHz to 200 MHz and 200 MHz to 1 000 MHz

f

requency ranges. Two additional tables, Table G.3 and Table G.4, are provided which include

uncertainty data for some influence quantities for the radiated emission measurement method
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at measurement distances of 3 m, 10 m, or 30 m. The uncertainty estimates are calculated in
accordance with the procedure defined in Clause 4.

For the estimates presented in Annex G, most of the contributions are type B evaluations, and
use data from calibration certificates, instrumentation manuals, manufacturer’s specifications,
previous measurements, or from models or generic knowledge about the measurement
method. The probability distributions and uncertainty values for the various uncertainty
sources/influence quantities that are given in Annex G are derived from various sources of
information, as discussed in 8.2.4.

Q) Q) el

Unfortunately, a model is not always available for the relationship between the measuran
nd the various influence quantities. In this case, only an assumption can be made that th
heasurand is a function of the influence quantities summarized in Table 10. Most,standar
ncertainty values for each influence quantity must be derived using type B\ evaluatio
hethods. Furthermore, it is assumed that all sensitivity coefficients are gqual to one.
lowever, in absence of a realistic model, actual values for the sensitivity ‘coefficients ar
sually unknown.

=

A1

For example, for measurements done at other than 10 m, the assumption used for the effect
f the measurement distance on the field strength level is not correct. The maximum fiel
trength at an alternative measurement distance does not vary lingarly with distance, due t
he presence of the ground plane and the field maximisation prfocess. At close measuremen
istances and low frequencies, additional “non-linear” effects,occur in the near-field region.

07

—

[able G.1 and Table G.2 each also provides results for‘both MIU and SCU calculations. Fo
3 m measurement distance, the MIU is nearly 5,5.dB; whereas the SCU may be as large a$
pproximately 15,5 dB.

=

.2.7 Verification of the uncertainty estimate

arious round robin tests (RRTs), sometimes called interlaboratory comparison (ILC
heasurements or site reproducibility”programs, have been performed previously fo
bAC/OATS-based radiated emissionymeasurements, with results reported in various papers,.
[he results of these RRTs are usful because they can provide insight into the actug
ncertainties associated with® SAC/OATS-based radiated emission measurements.
\ccordingly, RRT results can. be used to support the validity of the uncertainty estimate
hown in Annex G.

~

—

"z

[able H.1 in Annex-H_summarizes relevant parameters and results from a number of RRTH.
Figure H.1, FigurenH.2, Figure H.3, and Figure H.4 in Annex H show sample results from
ome RRTs. The, following conclusions can be drawn from these results.

) Results\of RRTs using a reference radiator show uncertainties (expanded, or 20) rangin
from3.dB to 6 dB. Reference radiators are generally stable and reproducible. RRTs usin
these simple types of EUTs fundamentally provide information about the MIU. Thi
assumes a very simple EUT and a very detailed measurement procedure for the RRT. Th

=D~

range of uncertainty found is consistent with the results of the MIU estimates shown i

Annex G.

b) Results of RRTs using a more complex and realistic EUT exhibit much larger

uncertainties, i.e. up to 11 dB. This uncertainty estimate has also been confirmed by
numerical modelling. The larger uncertainty is due to the intrinsic uncertainty of the EUT,
i.e. a poor reproducibility of the set-up, combined with variable methods of terminating
cables. RRTs using such realistic EUTs fundamentally provide information about the SCU.
The range of uncertainty found is consistent with the results of the SCU values shown in
Annex G.
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9 Conducted immunity measurements

Under consideration.

10 Radiated immunity measurements

Under consideration.

TR CISPR 16-4-1 © IEC:2009(E)
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Annex A
(informative)

Compliance uncertainty and interference probability

A.1  General

o W o W o L W o W

= =5 —h ~+~ 0Ny TS D O 5 -

[ak}

A.2 Application to radiated emissions, an example

Clause 4 of this document discussed use of ‘standards compliance uncertainty’ in connectiof
vith the compliance criterion in a standardised test and ‘interference probability’ in connection
vith the probability of occurrence of an interference problem to be prevented by that test.
loreover, in 4.3, it was explained that the level measured in a test is a figure-of-merit of the
hterference potential of the measured product. Hence, to judge the possible effect of
ncertainties, the complete EM interference problem has to be considered and. measured data
ave to be converted into interference probability data.

A\n example of a basic study needed in the determination of the intérference probability i
iven in [1]. The interference probability shall set a maximum-for the allowable SCU
ssociated with that test. If that maximum is exceeded, the test-shall be improved. Anothe|
xample study is given in A.2. Finally, A.3 addresses the problem that a reduction of thg
ompliance uncertainty does not need to lead to a reduction of(the interference probability.

W = &

Because no actual quantitative data are available, AS2 and A.3 are of a descriptive an
ualitative nature. The purpose of this annex is 10. illustrate that the uncertainty of
ompliance test will affect in some way the ‘interference probability’. Apart from th
escription in this annex, the subject of relating SCU and ‘interference probability’ will not b
reated further in this part of CISPR 16, because:\it is the responsibility of CISPR/H.

OO

h Figure A.1, distribution X1 is<assumed to represent the results from radiated emissio
neasurements performed usingJa very large number of various appliances subject t
ompliance with a radiated semission limit of 30 dB(uV/m) at 10 m in accordance with, fo
xample, CISPR 11 [1] (ISM' equipment) or CISPR 22 (IT equipment). The problem to b
revented is defined as™interference in TV reception caused by the field emitted by thos¢
ppliances. Degradation.will occur when the disturbing field arrives with the correct frequenc
nd polarisation atdhe”TV antenna with a level of 6 dB(uV/m). Note that in this case the levg
p be protectedds~24 dB below the emission limit. Assume that for a given TV-receptio
requency, the field strength distribution X1 follows from the measurement results. Th
elatively large™ width of distribution X1 can be explained by several factors, such as thg
pllowing:

OO ==

) notyall appliances need to emit at the chosen TV-reception frequency;

)the non-specified influence quantities governed by the layout of the cables attached to th

D

appliances;

c) the uncertainties associated with the receive antenna properties, such as antenna factor,

balance, and cross-polarisation;

d) the tolerances of the CISPR receiver and test site, as specified in CISPR 16-1-1 and

CISPR 16-1-4.

Note that distribution X1 exceeds the limit. This is due to the fact that the uncertainties
include the intrinsic uncertainty and, in this case of mass-produced appliances, the
consequences of the CISPR 80 % /80 % sampling criterion.
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Figure A.1 — Measured field strength distributions X1 and Y1, emission limit and level to
be protected of relevance in the determination of the corresponding interference
probability determined by distributions X2 and Y2

The associated interference probability is represented by distribution X2. This distribution i$
gven wider than distribution X1 as a result of manyinfluence quantities, such as

3) the maximum of the field strength (required in the radiated emission measurement) doeg
not need to point in the direction of the.wictim antenna;

1”2

B) mismatch of polarisation of the fieldcat the victim antenna and, in general, no constructiv
addition of the direct and indirect field at that antenna;

¢) field scattering and building attenuation;

d) the probability distribution® of the actual distance between the source and the victim),
compared to the fixed measurement distance of 10 m.

A conclusion is that thewactual coupling parameters between the disturbance source and th
yictim antenna differ(significantly from the coupling parameters between that source and th
receive antenna in’the radiated emission measurement. The spread in the actual couplin
parameters causes the large width of distribution X2. From practice over several years an
decades, it isyknown that the number of interference complaints is acceptably low, so tha
q
b
U
q

— 2= O

istribution'2 can only slightly exceed the level to be protected. From the foregoing it shoul
e clear\that from an interference probability point of view, the standards compliancs
ncertainty should be sufficiently small, to ensure that its influence on the transition fron
istribution X1 to distribution X2 is negligible.

-0

A.3 Reducing the compliance uncertainty

If the combined uncertainty margin is reduced, it is possible to design appliances such that
the distribution X1 in Figure A.1 shifts in the direction of the limit level so that distribution Y1
is produced. Using the same conversion data as in the case X1=X2, produces
distribution Y2. It should be clear from Figure A.1 that in this case a larger number of
complaints may result. So a reduction of the uncertainty does not automatically leads to an
improvement of the interference probability. In other words, when reducing the uncertainty, it
may be necessary to choose a stricter limit to arrive at the same interference probability. At
present, the limit has been chosen such that the interference probability is sufficiently large
with the present uncertainties associated with the CISPR radiated emission measurement.
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Annex B
(informative)

Numerical example of the consequences of Faraday’s law

To demonstrate the importance of the physics described by Faraday’s law, discussed in
6.2.2. 3 and in particular when a voltage probe is used, it is assumed that the EUT has to

Go

4

q

NN+

HPZCW £ PN PN PRV 1 2
LILJ 'J y OIIIIUILGIIU\JUDI‘Y VVILIT.

) the voltage limits at load and control terminals as given in Table 2b of CISPR 15:2005-[3],
to be verified by means of a voltage probe measurement, and

) the radiated EM-disturbance limits as given in Table 3 of CISPR 15:2005 [3], to _be verified
by means of the large-loop antenna (LLA) system.

[0 keep the calculations very simple, it is assumed that the loop formed by the ‘hot' EU]
erminal, the voltage-probe tip, the probe input circuit, the ground lead of the probe to thg
econd EUT terminal, and the EUT circuit between its two terminals,‘can be described by
egment of a circular area.

Tt

£

f is assumed that the ambient field is negligibly low and that the_non-negligible magnetic field
mitted by the EUT itself, which may influence the measurement result [see Equation (12)],
tems from the near field of a small magnetic dipole. That dipole is assumed to be located at
he centre of the EUT and at the centre of the mentioned/circular area, while the vector of thg
ipole moment is perpendicular to that area. In the LLA system this dipole moment, my, i
hdirectly measured if the EUT is at the centre of thie-loop antenna in which the current I, i
nheasured. The relation between my and I, is welll@pproximated by

—0—®

m DLyl
[ =M o gy, = Tarale B.1)
DyL, o

vhere D, is the diameter of the large loop antenna and L, the inductance of that loop [14].

'he magnitude of the voltage induced in the segment U; = w @, where @ is the magnetic fluk

hrough the segment. If\the segment is defined by {¢y, R1, R2}, where ¢g is the arc-angle, R}

he inner radius of(thé segment and R, its outer radius, and the magnetic near-field
omponent is givenby

He = e B.2

473 (B.2)

. can be written as

Mo R2
ﬂome L _ 0Dalg Im o[ 11
U = £ 1! gdodr=——e7a (R1 2 (B.3)

Note that due to the assumed orientation of the dipole moment with respect to the segment
area, only Hg contributes to U;.
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Frequency MHz
IEC 353/09

Figure B.1 — Voltage and current limits as given in CISPR 15:2005,
Tables 2b and 3, and the ratio U /1|

-1

Ks

1 10 100

Frequency MHZz
IEC 354/09

Figure B.2 — Factor Kg derived from the data in Figure B.1
and ‘Equation (B.4)

A\ssume that I,, has the limit valued|as given in Table 3 of [3] (see Figure B.1) and that U
st equals the limit value U as gjven in Table 2b of [3] (see Figure B.1). Then the factor K]
epresenting the segment parameters {¢y, R1,R2} that make U; = U, is given by

j=

vhere /' = @/2n. The numerical value follows when taking D5 = 2 m and the approximate valu
a = 1,5mDy! Figure B.2 gives the results for Kg as a function of frequency.

1

Ry

L
Ry

2 U,

DaLaf IL

106x10° Uy
)

K =¢0( (B.4

Ffrom, Equation (B.2) or Figure B.2 it follows that at 10 MHz, for example, Kg = 1,34. Assumin

q

Y

P

1”2

!

n =/30° = /6 rad and R4= 10 cm, it follows that R» = 13 cm. Then the resulting segment area

giving rise to an unwanted induced voltage equal to the voltage limit, amounts to only 21 cm?2.
This clearly illustrates the need to specify the measurement loop in detail.
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Annex C
(informative)

Possible amendments to CISPR publications
with regards to voltage measurements

1 Introductory remarks

O3 _— Q) (N

Compliance uncertainty studies form an excellent tool to discover ambiguities and(Cwea
pecifications in the existing CISPR standards. In addition, these studies can be of/greg
ssistance when drafting standards. Without going into detail, this annex give some_ example
hdicating where some of the standards existing in 2001 may be amended as_.a first step i
educing uncertainty contributions, without limiting the application of that standard. In som
ases, it will be indicated that it might be relevant to choose a more rigorous)yamendment.

—

="

>

.2 Voltage measurement basics

—

I seems to be relevant to include in CISPR 16-2-1 a subclause on voltage measuremen
asics (discussed in 6.2.2) and to refer to this clause whenever basics are addressed, fo
xample, in Clauses 6 and 7 of CISPR 16-2-1. Such an jnglusion allows a more to-the-point
escription of existing clauses and may lead to relevantadditional clauses. For example:

=

) in view of the interference probability (6.2¢3.2) an improvement of Clause 7 i
CISPR 16-2-1 is needed, stating that withoutpadditional information or assumptions th
unsymmetrical mode voltage is not a figure-of-merit for the interference potential of a
emitting device. A rigorous approach to improve the relation of measurement results an
interference probability is given in C.5;

O 0—=

o

) the addition in CISPR 16-2-1 of a clause on the measurement loop constraint [6.2.2.2 an
the example of the fluorescent tube inh its luminaire mentioned in 6.4.6.4 b)];

) the addition in CISPR 16-1-2,-CISPR 16-2-1 of a clause dealing with the importance of the
magnetic field-induced voltages (6.2.2.3), in particular in the case of measurements using
a voltage probe (6.3 and Annhex B).

14

.3 Voltage measurements using a voltage probe

h general, at-pfesent the voltage-probe measurements are ill defined, in particular thg
pecification/of/the ‘ground terminal’ in the voltage measurement. With regard to thg
hterferencéyprobability, it should be mentioned, at least in CISPR 16-2-1, that it is better t
ive up veltage-probe measurements.

O——®

he discussion of 6.3 should lead to improved formulation of 6.2.2 that should also lead to af

'npmvpd Figurp 12 1In partimllar this figurp should he upda’rpd to indicate the area in which

t
t

he magnetic field may induce too large a voltage. Also, the relevant aspects of the layout of
he set-up should be addressed.

Subclause 5.2.1 in CISPR 16-1-2 should also reconsider the statement ‘...such that the total

r

esistance between line and earth is 1 500 Q.” This value may not be sufficiently large in the

case of devices like a.c.-to-d.c. converters. So at least a warning should be given. Requiring a
higher value than 1 500 Q may lead to unwanted effects of parasitic capacitances (6.3).
Moreover, the asymmetric loading of the source should be mentioned.
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In addition to the CISPR 16 standards, there is a similar need to improve, for example:

a) CISPR 11:2003 [1], 6.2.3 and Figure 4;
b) CISPR 14-1:2005 [2], 5.2.4 and Figures 5a and 5b;
c) CISPR 15:2005 [3], 8.1.2 and Figure 5.

C.4 Voltage measurements using a V-terminal artificial mains network

Q)

[{a)

$ubclause 6.4.6, in particular, which is about the influence quantities may lead to improyved
formulations in CISPR 16-1-2 and CISPR 16-2-1.

To give some examples:

)

The uncertainties in Z;, as a result of a possible mismatch of the receiver'plus its signg
cable [6.4.6.2 a)] can be reduced by requiring a 10 dB attenuator-at ‘the output of
the V-AMN [15].

The uncertainties in Zj, as a result of the unknown impedancefof- the mains networ
[6.4.6.4 b)] to which the V-AMN is connected can be reduced by quantitatively specifying
an isolation between the measurement impedance and the\unknown mains networ
impedance. The verification of that isolation shall then be incorporated in CISPR 16-1-2.

As mentioned at the end of 6.4.6.2, a better specification” of measurement impedance
Z13 (Z23) is needed, i.e. not only the tolerance of the{apsolute value is needed, but als
that of the phase angle of that impedance.

o

O

The verification procedure CISPR 16-1-2 for o (proposed in 6.4.6.3) has to pay attentio
to the determination of o in situ, i.e. in an a@tual measurement set-up, so no separats
measurement of the V-AMN, the signal cables and the receiver. That procedure shoul
also indicate under which conditions o be¢omes a specified influence quantity. In addition,
a procedure should be given for the determination of Ac.

o=

As mentioned in 6.4.6.4 a), the problem of the uncertainty in Zy as a result of the parasiti
capacitance between the EUT ahd the reference plane may be solved by requiring i
CISPR 16-2-1 that the reference plane is always horizontal and that the EUT is alway
positioned on its normal feet.In this way, the problem with Cp4 and Cpy is eliminated.

=

In the foregoing, the unceértainties in Zy as a result of the measurement loop constrainit
[6.4.6.4 b)] have already been discussed. The measurement loop constraint becomes
increasingly important/ when not a single EUT is considered, but an EUT having auxiliary
apparatus, dealt.with in 7.4.2.6 of CISPR 16-2-1.

The uncertaintieS in Z4 as a result of the LC parallel circuit. As mentioned in 6.4.6.4 d
these unceftainties can be avoided by drafting a procedure, for example, in CISPR 16-1-2
for the vérification of all V-AMN properties in situ. This procedure could be combined wit
that mentioned in the previous example d). It might be necessary to specify a specid
disturbance source (for example, a comb generator with special properties [49]) for thi
putpose.

The uncertainties as a result of the DM/CM and CM/DM conversion [6.4.6.5]. Th

—_— =

o

D

confribufions stemming from the V-AMN can be made negligibly small by specifying
maximum values for these types of conversion. See also the last paragraph of this
subclause.

The uncertainties as a result of meandering part of the mains cable [6.4.6.5]. Existing
studies [48] form a good basis for an improved formulation of the layout of meanders.
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C.5 Replacing voltage measurements by current measurements

As in the case of voltage measurements using a voltage probe, CISPR 16-2-1 should indicate
that in view of the interference probability, the V-terminal voltages (the unsymmetrical mode
voltages) are not a figure-of-merit for the interference potential of an emitting device without
additional information or assumptions.

An improved figure-of-merit can be obtained in a rather easy way. Instead of measuring two

U

i
t
!

Q) —= —+ —+ = N o~

nsymmetrical voltages now two currenis are measured, without changing the measuremegt
mpedance specifications. This is schematically shown in Figure C.1 where, in one position-of
he switch, the receiver measures twice the DM current and, in the other position, it measure$
he CM current. See also 6.2.3 and 6.2.3.2.

To receiver

Ks.witch Zis

]
N\

Z33

To EUT
Y
Y
()
T
To mains

V-AMN
IEC 355/09

Figure C.1 — Schematic diagram of a V-AMN yielding an improved figure-of-merit
about the actual compliance probability via two current probes

'he approach sketched'in Figure C.1 may also be interesting when conducted emissions ar¢
p be measured up ‘to higher frequencies, for example, 80 MHz instead of 30 MHz as in
onducted voltage\-emission measurements. Then the measurement impedances can bg¢
ealized with less-tncertainty than in the case of voltage measurements, where the VSWR qf
he receiver Qlus its cable play a more dominant part. Conducted emission measurements up
p 80 MHz.and radiated emission measurements starting at 80 MHz would also solve some of
he uncertainty problems in radiated emission and in absorbing clamp measurements.
loreover, the choice of 80 MHz would bring in line the ‘crossover-frequency’ for conducted
nd radiated measurements in emission and immunity testing (IEC/SC77B).
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