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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 1-1: General — Application and interpretation
of fundamental definitions and terms
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FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization,comp

-operation on all questions concerning standardization in the electrical and electronic fieldss To this en
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Re|
blicly Available Specifications (PAS) and Guides (hereafter referred to as “IEG~Rublication(s)”).
pparation is entrusted to technical committees; any IEC National Committee interestéd\in the subject dea
by participate in this preparatory work. International, governmental and non-governmental organizations li
th the IEC also participate in this preparation. IEC collaborates closely with the International Organizati
landardization (ISO) in accordance with conditions determined by agreement‘between the two organizati

nsensus of opinion on the relevant subjects since each technical ,committee has representation frg
erested IEC National Committees.

mmittees in that sense. While all reasonable efforts are made to ensure that the technical content g
blications is accurate, IEC cannot be held responsible for‘the way in which they are used or fo
sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Public
nsparently to the maximum extent possible in their national and regional publications. Any divergence be
y IEC Publication and the corresponding national @Fregional publication shall be clearly indicated in the

C itself does not provide any attestation of conformity. Independent certification bodies provide conf
sessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fg
rvices carried out by independent certification bodies.

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

embers of its technical committe€stand IEC National Committees for any personal injury, property dama
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any othe
blications.

tention is drawn to the‘Normative references cited in this publication. Use of the referenced publicati
Hispensable for the correct application of this publication.

tention is drawn'tethe possibility that some of the elements of this IEC Publication may be the subject of |
hts. IEC shall.not be held responsible for identifying any or all such patent rights.

TR 61000-1-1 has been prepared by IEC technical committee 77: Electromag
batibility. It is a Technical Report.

rising

national electrotechnical committees (IEC National Committees). The object of IEC is to promite international

d and
ports,
Their
t with
hising
bn for
ns.

e formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interngtional

m all

C Publications have the form of recommendations for international use and are accepted by IEC Ngtional

f IEC
I any

htions
ween
atter.

rmity
r any

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

ge or
) and
I IEC

ns is

atent

netic

It forms Part 1-1 of IEC 61000. It has the status of a basic EMC publication in accordance with
IEC Guide 107.

This second edition cancels and replaces the first edition published in 1992. This edition
constitutes a technical revision.

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

a)

b)

the general description of the electromagnetic environment has been updated in accordance
with IEC TR 61000-2-5;

the description of source, of potentially susceptible equipment/systems and of coupling
mechanism has been updated,
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c) elements from IEC TR 61000-2-3, that is intended to be withdrawn, as well as from

IEC TR 61000-2-5, have been incorporated into this document.

The text of this Technical Report is based on the following documents:

Draft Report on voting

77/586/DTR 77/587/RVDTR

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

The Janguage used for the development of this Technical Report is English.

This

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

The pommittee has decided that the contents of this documeni*will remain unchanged unt
stabllity date indicated on the IEC website under webstdre.iec.ch in the data related tg
spedfific document. At this date, the document will be

reconfirmed,

withdrawn,

—

bplaced by a revised edition, or

amended.

document was drafted in accordance with ISO/IEC Directives, Part 2, and'developgd in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avai
at www.iec.ch/members_experts/refdocs. The main document types developed by IEQ
desgribed in greater detail at www.iec.ch/publications.

able
are

hetic

| the
the

IMRORTANT - The "colouriinside" logo on the cover page of this document indic3
thak it contains colours which are considered to be useful for the correct understanding
of i

s contents. Userstshould therefore print this document using a colour printer.
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INTRODUCTION

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

Part 1: General

G
D

eneral considerations (introduction, fundamental principles)
efinitions, terminology

Part 2: Environment

C
¢
¢

Part

o —

Part

- =

Part

Part

Part

Each
or ag
as s
num

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

leasurement techniques

hstallation guidelines

Mitigation methods and devices

escription of the environment
lassification of the environment
ompatibility levels

3: Limits

mission limits

4: Testing and measurement techniques

esting techniques

5: Installation and mitigation guidelines

6: Generic standards
9: Miscellaneous

part is further subdivided into several parts, published either as international stand
technical specifications or technical reports, some of which have already been publi
bctions. Others~will be published with the part number followed by a dash and a se
per identifying the subdivision (example: IEC 61000-6-1).

duct

ards
shed
cond



https://iecnorm.com/api/?name=95ea8776c5d2b5f4a136d0ee3cd976ec

IEC TR 61000-1-1:2023 © IEC 2023 -7-

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 1-1: General — Application and interpretation
of fundamental definitions and terms

1 Scope

This
term
and

In ag
tests
at prn
devi

2

The

congtitutes requirements of this document. For dated reférences, only the edition cited apg

For
ame

IEC
Elec

3

3.1

Terms, definitions and abbreviated terms

part of IEC 61000, which is a Technical Report, aims to describe and interpret.Va
5 considered to be of basic importance to concepts and practical application in the.dq
bvaluation of electromagnetically compatible equipment and systems.

dition, attention is drawn to the distinction between electromagnetic compatibility (E
carried out in a standardized set-up and those carried out at other lo€ations, for exa

te, equipment or system is installed (in situ tests or measurements).

Normative references

ollowing documents are referred to in the text in such a'way that some or all of their co

undated references, the latest edition of the.referenced document (including

ndments) applies.
50050-161:1990, International Electrotechnical Vocabulary (IEV) - Part
fromagnetic compatibility (available at Www.electropedia.org)

Terms and definitions

fious
sign

MC)
mple

emises where a device, equipment or system is manufactured or ai‘the location whgre a

htent
lies.
any

161:

For fhe purposes of this,document, the terms and definitions given in IEC 60050-161 and the

follo

ISO
addr]

wing apply.

and IEC maintain terminological databases for use in standardization at the follo
Bsses:

EC Electropedia: available at http://www.electropedia.org/

5Q@.Online browsing platform: available at http://www.iso.org/obp

wing

3.1.1

(electromagnetic) compatibility level
specified electromagnetic disturbance level used as a reference level for co-ordination in the
setting of emission and immunity limits

Note 1 to entry: By convention, the compatibility level is chosen so that there is only a small probability that
be exceeded by the actual disturbance level. However, electromagnetic compatibility is achieved only if emission
and immunity levels are controlled such that, at each location, the disturbance level resulting from the cumulative
emissions is lower than the immunity level for each device, equipment and system situated at this same location.

Note 2 to entry: The compatibility level may be phenomenon, time or location dependent.

[SOURCE: IEC 60050-161:1990, 161-03-10]

it will


http://www.electropedia.org/
http://www.iso.org/obp
https://iecnorm.com/api/?name=95ea8776c5d2b5f4a136d0ee3cd976ec

-8 - IEC TR 61000-1-1:2023 © IEC 2023

3.1.2
(electromagnetic) compatibility margin

ratio

Note

Note

of the immunity limit to the emission limit

1 to entry: The compatibility margin is the product of the emission margin and the immunity margin

2 to entry: If the levels are expressed in dB(... ), in the above margin definitions "difference” is

instead of "ratio" and "sum" instead of "product".

[SOURCE: IEC 60050-161:1990, 161-03-17, modified — note 2 has been added.]

3.1.3

used

elec
total

Note

[SOL

3.1.4
elec
elec
syst

Note
in the

[SOL

3.1.5
elec
EMI

degr
ane

Note

Note

[SOL

3.1.6
elec
EMC
abilif
envi

fromagnetic environment
ty of electromagnetic phenomena existing at a given location

to entry: In general, this totality is time dependent and its description can need a statistical approach

IRCE: IEC 60050-161:2018, 161-01-01]

fromagnetic disturbance
romagnetic phenomenon that can degrade the performance“of a device, equipme
m, or adversely affect living or inert matter

to entry: An electromagnetic disturbance may be an electromagnetic noise, an unwanted signal ora c
propagation medium itself

IRCE: IEC 60050-161:1990, 161-01-05]

tfromagnetic interference

pdation in the performance of equipment or transmission channel or a system causg
ectromagnetic disturbance

to entry: Disturbance and interference are cause and effect, respectively.

P to entry: The English words-finterference” and “disturbance” are often used indiscriminately.

JRCE: IEC 60050-1611:2018, 161-01-06, modified — Note 1 and Note 2 have been revi

fromagnetic'compatibility

y of-a ‘device, equipment or system to function satisfactorily in its electromag
onment without introducing intolerable electromagnetic disturbances to anything in

envi

Nt or

ange

d by

5ed. ]

hetic
that

onment

[SOURCE: IEC 60050-161:2018, 161-01-07, modified — the terms "device" and "equipment"
have been added to the definition.]

3.1.7
electromagnetic emission
phenomenon by which electromagnetic energy emanates from a source

[SOURCE: IEC 60050-161:2019, 161-01-08]
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3.1.8

emission level (of a disturbing source)

level of a given electromagnetic disturbance emitted from a particular device, equipment or
system, measured in a specified way

[SOURCE: IEC 60050-161:1990, 161-03-11, modified — “measured in a specified way” has been
added.]

3.1.9
emission limit (from a disturbing source)
specified maximum emission level of a source of electromagnetic disturbance

[SOYRCE: IEC 60050-161:1990, 161-03-12]

3.1.10
emigsion margin
ratio|of the electromagnetic compatibility level to the emission limit

Note |l to entry: If the levels are expressed in dB(... ), in the above margin definitions-"difference” is used instead
of "ratio" and "sum" instead of "product".

[SOURCE: IEC 60050-161:1990, 161-03-13, modified — the note_has been added.]

3.1.11
degnadation (of performance)
undgsired deviation in the operational performance ofyany device, equipment or system from its
intended performance

Note [l to entry: The term “degradation” can apply to t€mporary or permanent failure

[SOURCE: IEC 60050-121:1990, 161-01-49]

3.1.12

distiirbance level
level| of an electromagnetic diSturbance existing at a given location, which results froqm all
contfibuting disturbance sources

[SOYRCE: IEC 60050=161:1990, 161-03-29]

3.1.13

immunity (to a‘disturbance)
abilify of a device, equipment or system to perform without degradation in the presence ¢f an
elecfromagnetic disturbance

3.1.14

immunity level

maximum level of a given electromagnetic disturbance, incident in a specified way on a
particular device, equipment or system, at which no degradation of operation occurs

[SOURCE: IEC 60050-161:1990, 161-03-14]
3.1.15

immunity limit
minimum permissible immunity level
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Note 1 to entry: In some product/product family standards the term test level is used to express what is meant by
immunity limit.

3.1.16
immunity margin
ratio of the immunity limit to the electromagnetic compatibility level

Note 1 to entry: If the levels are expressed in dB(... ), in the above margin definitions "difference” is used instead
of "ratio" and "sum" instead of "product".

[SOURCE: IEC 60050-161:1990, 161-03-16, modified — the note has been added.]

3.1.17

leve| (of a time varying quantity)
maghitude value of a quantity, such as a power or a field quantity, measured and/or)evalyated
in a gpecified manner during a specified time interval

Note [l to entry: The level of a quantity can be expressed in logarithmic units, for example-decibels with resplect to
a refgrence value.

[SOYURCE: IEC 60050-161:1990, 161-03-01]

3.1.18
(ele¢tromagnetic) susceptibility
inablility of a device, equipment or system to perform without degradation in the presence ¢f an
elecfromagnetic disturbance

Note [l to entry: Susceptibility is a lack of immunity.

[SOURCE: IEC 60050-161:1990, 161-01-21]

3.2 Abbreviated terms

AC alternating current

DC direct current

EM electromagnetic

EMC electromagnetic(compatibility
EM electromagnétic’interference
RF radio frequency

4 The electromagnetic environment

4.1 Geéneral

There are various approaches that can be used for describing the electromagnetic environment
at a considered location. Classification in terms of typical environmental locations such as
industrial, residential and commercial can have some meaning in that each of these tends to
imply some general characteristics of the electromagnetic environment on which compatibility
levels can be based. However, it is recognized that equipment not normally associated with a
particular environmental location class can indeed affect the electromagnetic environment at
any specific location.

For the above reason, the approach taken in this document is to indicate the electromagnetic
levels expected from particular sources or classes of sources. The level expected at a particular
location will be determined with reference to the sources existing at that location.
IEC TR 61000-2-5 provides a description of the electromagnetic environment with anticipated
disturbance levels for typical location classes.
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At the same time, it is recognized that one cannot always identify all sources that can affect a
particular environment. Such is the case, for example, with conducted disturbances in a power
system generated at large distances, for example large distant nonlinear industrial loads or
unpredictable exceptionally severe lightning strokes. It is meaningful to make a distinction
between public supply and industrial or private networks.

The quality of the provided power supply at the point of common connection due to remote
users will depend upon the capacity of the network and the loads connected to it that an
individual consumer knows little about. Voltage fluctuations can be caused by load switching
as well as by system faults and lightning strokes. Within a consumer's system, residential or
industrial, the low frequency effects of local loads can be predicted. In general, one would
expegct the remote sources to limit the quality of service delivered to a particular copstimer
locafion, and that any given system needs to perform properly in the absence of local Soufces.
This|is assuming that the quality of service is otherwise satisfactory. Local sources canh be
expgcted to have more significant effects in possible system and device degradation.

4.2 | Coupling between emitting and susceptible devices

The [major reason for considering electromagnetic compatibility is the“existence of deyices
(equjpment, systems) which show susceptibility to electromagnetic’ emission from o¢ther
deviges.

Emitting devices

Intentional emissions Unintentional emissions
(signals) (disturbances)
Intentional Unintentional
coupling paths coupling paths

EM-environment

A y

Intentional Unintentional
eoupling paths coupling paths
In-band signals Out-of-band signals

and disturbances and disturbances
Narrow hand Braoadhand

A 4

Susceptible device <

IEC
Figure 1 — Coupling paths between emitting and susceptible devices

Emitting devices can have intentional emissions, such as a radio-frequency broadcasting signal,
or unintentional emissions. Through various coupling paths such emissions can reach the site
where a susceptible device is located as shown in Figure 1, thereby establishing the
electromagnetic environment for that device. The subdivisions shown in Figure 1 are important
for a description of the electromagnetic environment. Moreover, the technical possibilities
available to prevent or solve an interference problem are related to these subdivisions, as are
also the relevant EMC specifications.
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The susceptible device can be exposed to the electromagnetic environment via intentional
coupling paths, such as the aerial of a radio receiver, or via unintentional coupling paths such
as the recording head of a video tape recorder, a signal cable or a mains cable. Both types of
coupling paths, intentional and unintentional, can carry disturbances having frequency
components in the frequency band designated for the desired signal of the susceptible device,
and disturbances having components outside that band.

The disturbances received can be considered narrow band or broadband. For example, the
disturbance from a switched-mode power supply operating at 40 kHz and its harmonics is
narrow band when the bandwidth of the effected radio service is far broader than the bandwidth
of the disturbances.

5 Application of EMC terms and definitions

5.1 General

The [definitions given in Clause 3 are basic conceptual definitions. Whenithey are appligd to
assign specific values to the levels in a particular case, several considerations are necessgary.
A number of these are given in Clause 5, together with examples whichiwill elucidate them| For
an interpretation of the various terms used, see Annex A and Anngx{B.

The pasic devices or systems can be divided into two groups:

1) emitters — devices, equipment or systems which, eémit potentially disturbing voltgdges,
urrents or fields, and

2) slusceptible devices — devices, equipment or systems whose operation might be degraded
by those emissions.

Somg devices can belong simultaneously tob6th groups.

5.2 | Relation between various types’of levels
5.2.1 Emissions and immunity‘level (and limit)

A possible combination of an<emission level and an immunity level and their associated Ijmits
as al| function of some independent variable, for example the frequency, for a single type of
emitfer and a single type.of-susceptible device, is illustrated in Figure 2.

In Figure 2, the emissjon level is always lower than its maximum permissible level (the emigsion
limit], and the immunity level is always higher than its minimum required level (the immpnity
limit]. In the illustrated scenario, the emitter and the susceptible device comply with [their
spedffied limit.) In addition, the immunity limit has been chosen to be higher than the emigsion
limit| and-if "has been assumed that the levels and limits are continuous functions of the
independent variable. These levels and limits can also be discrete functions of dome
independent variable, see 5.2.3.1

Further to the above, the following observations are noted:

a) By drawing the emission and immunity levels (and the associated limits) in one figure it is
assumed that only one particular disturbance is considered, unless it is clearly indicated
that different disturbances are considered and the relationship between the different
disturbances is also indicated.

b) Drawing the emission and immunity levels in one figure is only relevant when there is a good
interrelation between the specified way the emission level of the particular disturbance is
measured and the specified way that type of disturbance is incident on the equipment under
test. If this is the case, Figure 2 indicates an electromagnetically compatible situation.
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@ Examples of immunity test levels
9 (according to the basic standards)
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[
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Figure 2 — Limits and levels for a single emitter and susceptible device
as a function of some independent variable (e.g., frequency)

re compliance with the limit if EMC testing is carrigd out. Although it is an impo
ideration for manufacturers, this margin has neither beén defined in IEC 60050-161 n
Hocument, as equipment design issues are the prerogative of the manufacturer. Emig

concept of compatibility level is_ iHustrated in Figure 3. The solid blue lines indicg

bnly one particular disturbance(is considered in Figure 3.

Examples of immunity test levels
(according to the basic standards)

Immunity level (susceptibility level)

M\f\: — — — Testlevel X

Disturbance level

Equipment design margin

i Immunity limit
Compatibility margin — — — — Testlevel 1
————————————————————————— Compatibility level

nown in Figure 2, there is some margin between a measured’level and its limit. This margin
might be called the "equipment design margin” and is an additional margin in the desig

n to
rtant
or in
sion
je is

te a
med

Emisstom it

i Equipment design margin

Emission level

-

Independent variable

IEC

Figure 3 — Emission/immunity limits and compatibility levels, with an example of
emission/immunity levels for a single emitter and susceptible device as a function

of some independent variable (e.g., frequency)

Further to the above, the following observations are noted:
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a) The compatibility level, being a specified disturbance level, is expressed in the unit
corresponding to the emission limit. If the emission and immunity limits do not refer to the
same disturbance (see 5.2.3.2 below), the compatibility level can be expressed in the unit
corresponding to either the emission level or the immunity level.

b) If the electromagnetic environment is controllable, a compatibility level can be chosen first.
Following this, emission and immunity limits are derived from this level in order to ensure
an acceptable, high probability of EMC in that environment.

c) This consideration indicates that in a controllable environment, EMC can be achieved in the
most cost-effective way by initially choosing the compatibility level on financial and technical
grounds in order to realize appropriate emission and immunity limits for all equipment (to

d) H the electromagnetic environment is uncontrollable, the level is chosen on the(basis of
xisting or expected disturbance levels. However, emission and immunity limits have siill to
e assessed, to ensure that the existing or expected disturbance levels willhot increase
hen new equipment is installed and that such equipment is sufficiently immune. If teslt]s or
Iculations indicate that an existing situation has to be improved because of the financial
nd technical consequences of the chosen limits, the compatibility level has to be adjysted
nd consequently, the emission and immunity limits. In the long run the adjysted

mpatibility level will then result in a more cost-effective solution for the total system,

he determination of limits from the compatibility level is governed by probability cpnsi-
erations, discussed in 5.3. In general, these limits are notyat equal distances from the
mpatibility level, see also 5.3. In Clause A.7, the compatibility level is determined for an
iflealised situation, where the probability density functions ‘are assumed to be known.

5.2.3 Examples to illustrate the concepts of using‘levels and limits
5.2.3.1 Emission and immunity levels and limits

Let pne assume an immunity limit has to berdetermined with regard to disturbances af the
harmonics of the mains frequency, for equipment connected to the public low-voltage netyork.
In addition, let one assume that for the equipment under consideration the mains network|only
serves as an energy supply (no mains signalling, etc.). As this example is only an illustratipn of
sevefral aspects, the discussions will be limited to the odd harmonics.

The |evel of the harmonic disturtbances in a public network is not readily controllable. Thereffore,
the [discussions start by( taking the compatibility level, U, from IEC 61000-2-3. In

IEC p1000-2-2, that level is given as a percentage of the rated voltage, and this approagh is
folloyved here (see Figure 4).

To ehsure an acceptable, high probability of EMC, two requirements have to be met:

a) At each. frequency, the disturbance voltage level, Uy, in the network, i.e., the disturbance

voltage resulting from all disturbance sources connected to that network, is likely to hgve a
Highprobability of fulfilling the relation Uy < U, at the locations where U, is specified and

f 4 £ 4L 3
T 1TTITUST UT T aiTTey

b) At each frequency, there is a high probability that the immunity level U, of each appliance
connected to the network fulfils the relation U, > Uy.

The first requirement is largely met by taking the compatibility levels from IEC 61000-2-2.
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gure 4 — Compatibility levels U, for the odd harmonics in a public low-voltad
network and examples of associated emission and immunity limits

given in Figure 4 is an emission limit of acsingle disturbance source. If it is known
sources contribute to Uy and it is also_known how the harmonic disturbances add,

ollable because this estimate leads;to a first choice of U, for that particular networ
e, the final choice is also determined by the immunity requirements.

emission limit is also given;to illustrate a problem. In IEC 61000-3-2:2018, Table 1
sion limit is given as the'maximum permissible harmonic current in amperes. Howevel
entation in Figure 4 requires an emission limit expressed in a percentage of the |
ge. The latter limitan be derived from the first limit when the network impedance is kn
s example it is_simply assumed that this impedance is equal to the reference impeda3

in IEC 61000-3-2:2018 and IEC 61000-3-2:2018/AMD1:2020, Annex A, are plotte

Itiple of\3' and those that are not multiples of 3. In IEC 61000-3-2, this distinction i
b forthe emission limit.

e

how
then

5 are
. Of

the
, the
ated
bwn.
nce,
btios
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e 4. Note'\that in IEC 61000-2-2, a distinction is made between the odd harmonics that are

5 not

The

ctuatdisturbance tevet Srongly depenas on tne numper or disturbance SOUTCes, 1.6

., on

the number of operating appliances connected to the network. In a public low-voltage network
the number of sources that may contribute significantly is generally much larger at the low-
frequency end than at the high-frequency end. Hence, the uncertainty about the actual
disturbance level at lower frequencies is much greater than that at higher frequencies. This is
reflected in Figure 4, where at the low-frequency end the distance between the emission limit
(for a single device) and the compatibility level (which takes the superposition of disturbances
into account) is much larger than the distance at the high-frequency end. This distance, i.e.,
the emission margin, will be discussed in 5.3.

To fulfil the second requirement a sufficiently strict immunity limit is needed, of which an
example is given in Figure 4. A distance between this limit and U, i.e., an immunity margin, is

needed because:


https://iecnorm.com/api/?name=95ea8776c5d2b5f4a136d0ee3cd976ec

- 16 - IEC TR 61000-1-1:2023 © IEC 2023

a) there is still a small probability that at a certain location and during a certain time interval

t

he disturbance level will be above the compatibility level; and

b) the internal impedance Z; of the disturbance source used in the immunity test will not, in

general, be equal to the internal impedance of the actual network. (A discussion about the
value of Z; to be used in the immunity test is beyond the scope of this document.)

It is possible to specify a continuous immunity limit as illustrated in Figure 4. This has the
advantage that the even harmonics, the inter-harmonics and all other disturbances in the given
frequency range can be considered. A continuous function could be chosen as it was assumed
at the beginning that the network served only as an energy supply, i.e., no mains signalling is

pres
limit

degr
given in Annex C.

5.2.3.2 Compatibility level

diffe

There are cases where emission, compatibility and immunity levels and limits are express
rent units.
bne consider the immunity to RF fields of equipment having *‘dimensions that are §
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is given in Figure 4 to absolute values. An example for the derivation of disturb
ces and immunity limits for the phenomenon of high frequency radiated disturbanc

pared to the wavelength of that RF field. It is well known' that the equipment immun
'mined largely by the immunity to common-mode currents¥induced in the leads conne
lat equipment. Hence, the interrelated radiated and conducted phenomena will be t
consideration when attempting to achieve EMC.

regard to 5.2.1, as the relationship between:the field strength and the e.m.f. has
blished in other studies, it is possible to express the emission level in Figure 2 as an elq
strength (for example in dB (pV/m) and.the immunity level as the e.m.f. (for examp
1)) of a disturbing source, for exampléey a test generator.

regard to Figure 3 and the foregoing considerations, the compatibility level can no

ion, the choice of the compatibility level can also be determined by the suscepti
erties of the susceptiblesdevice concerned. If the EMI problem to be prevented cong
eld demodulation, the‘\degradation is (in first order approximation) proportional tg

hnce
BS s

pd in

mall
ty is
cted
bken

been
ctric
le in

v be

bssed in dB (uV/m) or in dB (pF). It is clear that this level depends on the chosen uniit. In

bility
erns
the

squdre of the RF disturbance level. Hence, the immunity margin may be chosen to be Igrger

than

5.3

5.3.1

If th

corrg

ane

the emission margin.

Probabilityaspects and margins
Compatibility levels and uncertainties

b emission and immunity tests have been designed in such a way that there is a
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lation with the electromagnetic phenomena existing, the situation in Figure 5 repreg
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ectromagnetically compatible situation for the single emitter and susceptible device u

consideration.
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Figure 5 — Limits, compatibility levels and margins, as-a function
of any independent variable (e.g., frequency)

Indeged, Figure 5 indicates that the immunity level is higher than_the immunity limit and this is
higher than the emission limit which, in turn, is higher thans\the emission level. However], the
situgtion depicted in Figure 5 does not guarantee that EMG will exist in the actual situatiop, as
therg are uncertainties, already briefly mentioned in 5.2.2.

The pxistence of these uncertainties means that after the compatibility level has been chdsen,
margins are required between that level and thesemission and immunity limits to be specffied.
In Figure 5, the margins, defined in 5.3, are shown as solid lines. The difference between the
emislsion (and immunity) level and the emission (and immunity) limit is known as the equipment
design margin, and this is determined by the manufacturer as already discussed in 5.2.1. Four
impgrtant uncertainties will be discussed’in 5.3.2 to 5.3.4.

5.3.2 Standardized test
5.3.3.1 Uncertainty contributions in standardized tests

In the case of a standardized test, there are two important uncertainties which influencg¢ the
maghitude of the margihs between compatibility level and the specified limits:

1)

the relevance of the test method, including measurement instrumentation uncertainty; [and
2) the normakspread of component characteristics in the case of mass-produced equipment.

For more details on the standardized test, refer to Annex B. The above-mentioned uncertaipties
are diseUssed in detail below.

5.3.2.2 The relevance of the test methods

Standardized test methods, in particular, endeavour, with a very limited number of test
situations, to cover an almost infinitely large number of actual situations in which equipment
has to function satisfactorily. Hence, the relevance of the test method is determined by the
extent to which the method covers an actual situation, and this is known only to a limited extent.

A standardized emission test is always carried out by using a well-defined measuring device
(voltage probe, antenna, etc.) connected to well-defined measuring equipment, instead of using
an actual susceptible device. Similarly, in standardized immunity tests the emitter is a well-
defined generator with a well-defined coupling device, and not an actual emitter. Nevertheless,
these emission and immunity tests are carried out to achieve EMC at the locations where the
actual emitters and susceptible devices interact.
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In general, standardized tests consider only one phenomenon at a time, for example emission
via conduction or emission via radiation. A similar remark applies to immunity testing. However,
in the actual situation all phenomena act simultaneously, and this reduces the relevance of a
standardized test.

As a consequence of the limited relevance of a standardized test, margins are needed between
compatibility level and the emission and immunity limits.

5.3.2.3 Normal spread of component characteristics

Not all devices, equipment or systems, especially those that are mass produced, will be tested

befo

consequence of the spread of component characteristics. This is illustrated in Figure 6. |He

therg
will ¢

on the so-called "“80 %/ 80 % compliance rule". This 80/80 rule requires that”equipme

serig
com
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It is
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Fronp Figure 6, it can be concluded that there is a very &mall probability that an equipmen

not ¢
an E
had
CISH

design margin, where this margin depends.of~the EMC test sample size.

e installation. If all equipment were tested, test-data distributions would be found,

is an uncertainty as to whether a randomly chosen equipment from that mass=produ
omply with the limit. This uncertainty is considered in detail in CISPR TR 16-4-3, the

s production be tested to ensure an 80 % confidence that at least 80(%" of the prog
ply with the limits. The distributions are also determined by the reproducibility of the
od.

noted that curves similar to those given in Figure 6 will be“found for each value o
bendent variable, for example, frequency, in the specified EMC test. Hence, Figure §
apply to the test data for one single value of the independent variable.

omply with the limit, and because of the chosefnscompatibility margin the probability
M| problem will result in this case is negligible. Figure 6 also shows that the manufac
chosen a certain equipment design margin. In some cases, see for exa
R TR 16-4-3, the 80 %/80 % compliancesule creates the need for a minimum equip
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Figure 6 — Example of the probability densities for an emission level and
an immunity level, at one single value of the independent variable

5.3.3 In situ test — Superposition

5.3.3.1 General

In addition to the two uncertainties mentioned in 5.3.2, the superposition of disturbances

prod

uced by various sources in the installation gives rise to an uncertainty.
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This uncertainty relates to the relevance of the test, and it is noted that an in situ test, i.e., a
test at the location where the equipment under test is in use, is not as well defined as the
standardized test (see Annex B). In particular, the load impedance of an emitter is often
unknown and often time dependent. For example, the differential-mode mains impedance
depends, among other things, on equipment (switched on or switched off) connected to the
network. A similar remark applies when immunity is considered. As a result, the margins chosen
in the installation can differ from those in the standardized test.

5.3.3.2 Superposition effects, multidimensional criteria

At the location of the susceptible device, the electromagnetic environment is determined by all

devifes, equipment and systems emiiting eleciromagnetic_energy. Hence, many type
disturbances ("type" also includes the waveform, e.g., sinusoidal, pulsed) can berprg
simufltaneously. If a given disturbance is considered at a given location, the disturbance

isd

a)

b)

The
marg

5.3.3
An €

assumed that there are three types of emittersyemitting the same type of disturbance. As

Figu

a time. The three associated probability density functions are represented by pg,(D) (i = 1,2,
example, the ultimate density function p(D) is largely determined by pg3(D). Note that, in
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termined by:

he superposition of disturbances of the same type, where each disturbance contrib
epends on the loading conditions of its emitter, on the electromagnetic propag
roperties between that emitter and the susceptible device, and on time; and

ontributions of other types of disturbances, having components,in-the susceptible dg
eception band, where each of the contributions is subject to the‘aspects mentioned a
nder a).

uncertainty of the actual value of the ultimate disturbance level creates the nee
ins.

3 Example for the superposition of distarbances

xample of the superposition of disturbances' is given in Figure 7. In this example,

re 6, it is only possible to consider the results for one value of the independent varial
ral, the density function will bétime dependent, as it depends on the number of sol
h are operating.

Esian distributions have“been used in the examples in this document, other type
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Itimate disturbance level probability density, p(D), originates from the probability densities pg(D) of v
of sources.

Figure 7 — Example of superposition of disturbances

rious

Lltimate disturbance level is of importance to all possible susceptible devices at a partigular

locafion (in a particular system), where each type of susceptible device will have its spgcific

imm
limit
type
type
influ
is an

In addition, at the location where the deyice, equipment or system is installed va
5 of disturbances might enter the susegéptible device simultaneously, and this is an
of superposition. The immunity level for one type of disturbance can be negaﬂ;
bnced by the presence of another:type of disturbance (see Annex B). Consequently,
additional need for additional margins.

A

Equipment type 1
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Immunity levels
(standardized tests)
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Compatibility level
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5.3.4
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Total disturbance level Equipment type 2
v
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Figure 8 — Example of probability densities for an ultimate disturbance level
(the sum of disturbance levels produced by various emitters) and the immunity
levels of two types of susceptible device

Lack of data

inity properties (see Figure 8) even if these{ypes have to comply with the same immpnity

ious
ther
vely

here

Generally, there is no time, or it is impossible, to measure the disturbance levels at all possible
locations where a susceptible device may be installed, and therefore the disturbance probability
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density given in Figure 8 is seldom known. Furthermore, the immunity level distribution is often
unknown. The latter is the case when exceeding the immunity level results in a (high) risk of
damage to the susceptible device and the immunity is tested in a "go — no go" test, to an
electromagnetic disturbance level equal to (or an agreed amount higher than) the minimum
required immunity level, i.e., the immunity limit. This lack of supporting data again creates the
need for margins between the compatibility level and the limits to be specified.

In some cases, the lack of certain disturbance source data can be of importance if equipment,
which operated initially in dedicated environments, then becomes widely used.

bling
mely
b the
ions
mine
5ting
BEnce
issug¢s. However, in spite of the advancements in modern modelling tools, there is alwgys a
need to simplify the modelling as every product can have somé minor variations in wiring| that
can affect detailed modelling results. Disturbance sources(eémit by mechanisms of condudtion,
indugtion and radiation. Coupling paths from the outside 6f an equipment to the inside can gqccur
throygh conduction, induction or radiation, and /mest usually by combinations of these
pherjomena.

6.2 | Source models
6.2.1 Conducted emissions

For |lconducted emissions, the source can often be considered as a two-port or three-
termfinal device. Figure 9 shows noise sources in differential mode (7)) and in common
mode (Vcm)- Connection points*1 and 2 can be identified as, for example, the neutrall and
the phase of a mains connection, or as the connection points of a desired signal of a control
line.|Connection point Owrepresents the reference of the source formed, for example, by the
protéctive earth, the steel reinforcement in a building, or a metal chassis. In many casges it
can |be necessaryto-Consider the source as an N-port network, as in the case whdre a
mult|-wire flat cable-is involved.

The |voltages JV'py and Vg, are complex voltages having desired as well as disturbance

components. However, the desired voltage from the source, whether this is a power line|or a
signaldine, is predominantly represented in the V), component. The disturbance voltage

comporents of ¥y and gy cam be of equat importarce:

It can therefore be recognized that measurements of emission from sources are of a limited
nature. For example, to determine compliance with a conducted emission limit, the
measurement is made with a specified terminating impedance. No direct measurement of the
source impedance is made. Thus, when a given source is placed in a circuit which presents an
impedance to it which is different from the measurement impedance, the actual emission will
differ from that measured. Such variations need to be anticipated by system EMC engineers
when designing compatible systems.
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Figure 9 — Source model for conducted emissions
(source loaded by Z, y and Z| ,)

6.2.2 Radiated emissions

Radiated emission levels are usually stated in terms of electric.{£) and magnetic fielg
levels, expressed in dB(pV/m) and dB(pA/m) respectively. Particular sources differ in
relative magnitudes of each of these components and theirvariations with distance.

of observation of the field is much larger than 1/2n,where A is the wavelength of the {
and |larger than the dimensions of the source. At)such distances, and in the absend
nearnby reflecting objects, the £ and H fields ‘are perpendicular to each other
perpendicular to the direction of propagationnof the wave. In addition, there is a |

(H)
the

In thtl)e so-called far-field region of a source the distance between the source and the point

ield,
e of
and
ixed

relation between the magnitudes of £ and>H, which makes statements of electric [field

stremgth and magnetic field strength equivalent. In the far field and free space £z377 Q

and the field levels fall off inversely.with distance from the source.

In tHe near-field region of theXsource, the distance between the source and the poipt of
obsa@grvation is either much.sitaller than A1/2m or smaller than the dimension of the solurce

or bpth. The relation between the £ and H fields now depends on the wavelength o
distyrbances, the actual\position in the near-field region and the type of source.

F the

A simnple model used for radiation is the dipole which can be of electric or magnetic types
(see| Figure 10)sIhis model exhibits an inverse cubed variation of the field strength o¢f its
domjnant component (electric field for an electric dipole, magnetic field for a magnpetic

dipoje) at near field distances. For such sources a statement of the "dipole strength" w
enable caleulation of the field components (both electric and magnetic) at any dist
Howijever, it is more usual to measure the dominant component at a fixed distance, wiq

mak g reference to the source ci‘rnngfh_

ould
nce.
hout

In case of radio transmitters, the gain of the antenna in the intended coupling path and the
net power P transferred to the antenna are usually known. As the antenna gain is always

directional with respect to the antenna, the gain normally referred to is that associated
the direction of maximum radiation.

with
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Figure 10 — Electric and magnetic dipole elements

Coupling models
General

phenomena involved in transferring electromagnetic energy from an external source

gy transferred in particular cases can therefore/bé difficult. However, in many case
rtant coupling can be described in terms of comparatively simple models. These m¢
ivided into three main classes: common impedance coupling, coupling by induction (r
and radiative (far-field) coupling.

Common impedance coupling
.1 Conductive coupling

mon impedance coupling.is.also referred to as conductive coupling. It occurs when cur
portion of the currents (associated with a source and susceptible device share a con

Typically, the common path can be represented by a resistance, an inductance
citance or by a combination of any of these.

common power mains, and

common ground current return path.

to a

eptible device in an immunity test, are, in general;yvery complex. Exact calculation of the

b the
dels
ear-

ents
mon
or a

of many examples that can be cited are the sharing by the source and susceptible dgvice

6.3.2.2 Resistive coupling

The resistive part of the common impedance R is determined by the conductor material and by

the skin effect as a result of which the resistive part becomes frequency dependent. For a
straight round conductor of diameter d, one has:

R

c zi when 6 <« d;and
Ry 40

iz‘] if 0> d

Rdc
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where Ry, is the DC resistance of the conductor and 0 the skin depth given by:

5= |2
wpo

where > is the angular frequency of the signal, u the permeability and -, the conductivity of

the conductor material.

6.3.2.3 Reactive coupling

The reactive part of common impedance coupling can be produced by a common inductg
The pommon inductive reactance X| can then be written as:

X = Jjol

whefne L, is the inductance of the conductor. The value of L, depends‘on the shape o
currgnt loop and its surroundings. However, as a rule of thumb, one_can say that I, =1

(or 1ﬂ). In many electromagnetic interference problems Xy >/R.. For transient events
mm

is allvays the case, in spite of the emphasis given to massjve earthing conductors.

6.3.3 Coupling by induction
6.3.3.1 Field coupling

6.3.3.1.1 Coupling mechanisms

Coupling by induction occurs when voltages or currents are induced in the circuits o
susceptible device by local electric or.magnetic fields or combinations of these emanating
the gource. Examples are control gincuits located in the vicinity of a large power transfor
arc furnace or welder and closely spaced (and parallel) transmission circuits such as a p
line and a telecommunications.line.

6.3.3.1.2 Electric field ‘coupling

nce.

f the

this

the
from
mer,
bwer

Electric field or capagitive coupling occurs when electric fields from one circuit impinge on

another. For thewlow-frequency approximation it is appropriate to describe this typ
coupling with aycoupling capacitance. The magnitude of the capacitance depends prim
on the actual)situation, i.e., on the shape of the circuits and on the surroundings o
circdits. An~example is given in Figure 11, where the coupling capacitance C4, per

lengthds'given between the wires (of diameter d) of two parallel loops at a distance D, U

e of
arily
the
unit
sing

the ground plane as a common return, for three values of the loop height.

Figure 11 clearly shows the influence of the surroundings on C4,. It also shows that Cy,

varies rapidly with D but that for §> 10 the coupling capacitance does not vary much

with

D. Note that for sufficiently high values of 4 the formula for the coupling capacitance reduces

to:

e

C12(/’l—)00)= [F/m]

which is the formula for the capacitance between the wires in the absence of a ground plane.
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The above example applies equally to two cables running parallel to a metallic plane, i.e. a
shield or conduit, which forms the reference for the common-mode voltages on the cables.

In cases where the feedback from the receptor circuit to the emitter circuit is negligible and the
circuits are small compared with the wavelength under consideration, the disturbance caused
by capacitive coupling can be represented in the receptor circuit by a current source. The
current source can be approximated by

I = joCyaV
whelffe 7715 the driving voltage at the emitter side of Cq,.

E A
L
g1 T T T T — T T T T T
o
D -

10

5 -

0 =

T 10 100

D (mm)
IEC

Figure 11 — Capacitance per unit length as a function of conductor separation

6.3.3.1.3 Magnetic field coupling

Magnetic field or inductive coupling occurs when magnetic fields from one circuit impinge on
another. An appropriate quantity to describe this type of coupling is the mutual inductance. Its
value depends greatly on the actual situation, for example on the shape of the circuits and on
the surroundings of the circuits, as in the case of the coupling capacitance.
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In cases where the feedback of the receptor circuit to the emitter circuit is negligible and the
circuits are small compared with the wavelength under consideration, the disturbance caused
by the magnetic coupling can be represented in the receptor circuit by a voltage source. The
voltage source can be approximated by:

Vi = joMqpl

where M, is the mutual inductance between the two circuits involved and / the driving current
in the emitter circuit. This can also be written as jwB;4, where 4, is the area of the receptor
loop and B, the flux density produced by the emitter loop in the receptor loop. In the last relation
it is pssumed that B, is perpendicular to the plane of the receiving loop and uniform ovef the
areal4,.

A very useful model is one that accounts for the magnetic field in the vicinity of a pafallel
wire|transmission line. Its magnitude as a function of parallel wire spacing~and the distance
from| the wires is shown in Figure 12. If the distance is large compared-with the separaltion,
the field strength falls off as 1//2. If the distance is small compared'with the spacing| the
field|is calculated as for a single wire (the closest wire).

Maghetic sources such as transformers, relays, etc., will produce,field strengths attenuatgd as
the third power of the distance.
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Figure 12 — Flux density from parallel conductors

6.3.3.1.4 Mixed coupling

In many cases the coupling mechanisms discussed in the preceding subclauses 6.3.3.1.2 and
6.3.3.1.3 occur simultaneously. Which of the three mechanisms will dominate depends on the
actual situation. Only in a limited number of cases will it be possible to indicate whether
capacitive coupling will dominate over magnetic coupling, or vice versa. An example is the case
of coupling between two parallel wires. Assuming the receptor circuit to be terminated by its
characteristic impedance on both ends, magnetic coupling dominates if the emitter circuit is
terminated with an impedance lower than the characteristic impedance and capacitive coupling
dominates if that impedance is higher.
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6.3.4

Radiative coupling

Radiative coupling can be the primary means of coupling when the source and the susceptible
device are relatively far apart, i.e., in the far-field situation. The coupling mechanism by
electromagnetic radiation and the voltages induced in the susceptible device circuits can be
calculated from either the electric or the magnetic field component of the field as these have a
fixed relationship. Generally, there is no feedback from the susceptible device to the source.

An example of radiative coupling is a sensitive receiver or control element affected by the field
produced by a relatively distant radar transmitter or high-frequency industrial heating
equipment.

6.4

Distd
emit
prov
cont
distu

Of course, the levels can be dependent on the waveform and frequency of the disturbanc
repelition rate (whether periodic or almost periodic) and the characteristics of internal cirg

Man
litera

It is
envi

Susceptible device models

de statements on the levels of disturbing voltage or current on connected/power, sig
ol lines, and levels of homogeneous electric or magnetic fields,~assuming the
rbing polarization, in which a given device or equipment can be immersed.

mechanisms of generation of interference within a device have been discussed in
ture, but it is beyond the scope of this document to review them here.

important, however, to note that the preferred parameters used in describing
onment depend upon the characteristics of the‘€équipment under consideration.

rbing energy is coupled to a susceptible device in the same way as it is coupled from an
er, i.e., by either conduction, induction or radiation. The models are simplified so rTs to

al or
most

B, its
uits.
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Annex A
(informative)

Interpretation of EMC terms and definitions

General

In Annex A the terms and definitions given in Clause 3 are discussed to give background
information about the chosen definition and the consequences of using the terms in the

desg

A.2

In th
(dB)
expr

wher
expr
Vs is|
r gi

(dB
X dB

Cert

1) 1
1
g

2)

riptiomof EMCTequirerments:

Units and decibels

e EMC sphere, logarithmic expressions for physical quantities are often-used. The de
was originally defined as a ratio » of two powers P, and P, dissipat€dyin a resistan

bssed as a logarithmic unit as follows:

2
I"(dB) =10 |Og10(§] =10 |0910[Z12 ;2} =20 Iog10[Z—1j

2 2 2

e P, and P, are measured or determined underiidentical conditions. Hence, r ca

chosen to be a unit value, for example 1 u7, and 7, is expressed in terms of that unit,

es the magnitude of V1 expressed in "dBywith respect to 1 pV", normally abbreviateg

L)). This latter approach is widely used\in the field of EMC. Hence, if Y is a unit value
(Y) is defined as:

X (dB(¥)) =20 Iog10(§j

hin conventions exist for the choice of Y. Here are some examples:

N the case of conducted emissions, the voltage is expressed in dB uV, i.e., decibels a
uV; and the current in dB (ud4), i.e., in decibels above 1 ud4. For example, 120 dB
orrespondste 108 47 orto 1 V.

n the case of radiated emission, the electric field strength is expressed in dB (uV/im
he magnetic field strength in dB (u4/m). For example, 34 dB (u«V/m) corresponds to 50 4

I
t
I

im dB (uV/m), the unit of the electric field strength E, where dB (ud/m)

cibel
e R,

h be

pssed in terms of the associated voltages 7y and\, as indicated in the above formula. If

then

to r
then

pove
(V)

and
Vim.

N cases where the magnetic field strength, H, at frequencies above 30 MHz is expre

5sed

would be Inore

appropriate, the magnetic field H expressed in dB (ud/m)

relation:

H(dB(ud/m))=H(dB(uV I m))-515(dB(Q))

where 515(dB(Q))=20logigZy when z, ~377 Q and zy = £/ H

and in dB (uV/m) satisfies the

The wave impedance Z; ~ 377 Q applies only to the case of a plane electromagnetic wave.
However, this is not relevant here as the measurement display is calibrated in such a way that
the signal induced by the magnetic field H in the magnetic field antenna, is interpreted as a
signal produced by an electric field of strength £ = ZyH .
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A.3 Electromagnetic interference, compatibility and environment

A.3

| General

The ever-increasing number of applications of electrical and electronic equipment is likely to
give rise to an increasing number of operational difficulties. One of the factors contributing to
these operational difficulties is that devices in use are found to interfere with each other as a
result of the electromagnetic properties of the devices (equipment, or systems) involved. If all
these devices could exist side by side in harmony the world would be electromagnetically
compatible. Unfortunately, this situation has not become universal and electromagnetic

inte

A.3

The
first.

Eleciromagnetic interference (EMI) (see 3.1.5): degradation in the perfotmance of equip
or transmission channel or a system caused by an electromagnetic disturbance.

The electromagnetic disturbance (see 3.1.4) mentioned in this definition has been defing

any

or system, or adversely affect living or inert matter.

The following observations can be made:

a)

b)

rference problems have to be solved.

.2 Electromagnetic interference (EMI)

blectromagnetic phenomenon which may degrade the performance of a device, equip

Interference or disturbance: The English words “interference" and "disturbance" are
used indiscriminately. However, it is noted that "interference" refers to the unwag
gegradation, and "disturbance" refers tocthe electromagnetic phenomenon causing
egradation

Q

onsequently, if that phenomenon_ s described in terms of a measurable quantity
xample a voltage, it is called disturbance voltage, and not interference voltage.

€
Hlementary form of EMI problem:The definition of EMI refers to "degradation of perform

mgredients (see Figure A1), namely:
1) an emitter — a source emitting the electromagnetic disturbance;

2) a susceptible device — a susceptible device, equipment or system showing degrad
of its performance; and

3) a coupling-path — a medium in between the emitter and susceptible device.

Hence, EMI* problems have two key aspects: emissions and susceptibility, and it w
shownsdater that EMC also possesses these two aspects.

pxistence of EMI makes it necessary to consider EMC, so the definition of EMIlis considered

ment

d as
ment

pften
nted
that

, for

Ance

... caused by...”. This meaps:that, in its elementary form, an EMI problem consists of fhree

htion

Il be

ina-pbath

Cat
A~ gPatm

Source emitting EM energy Susceptible device

IEC

Figure A.1 — The basic form of an EMI problem

c) Degradation: Degradation is an undesired departure in the operational performance of any

device, equipment or system from its intended performance.

It is important to note that the adjective "undesired" is used and not, for example, the adjective
"any". This aspect is very important when developing EMC specifications. The kind of departure
in the operational performance which is considered to be undesired can be made clear in these

spe

cifications.
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EXAMPLE: Assume a computing system needs to function without degradation in the presence of certain types of
interruptions in the mains voltage of that system. Errors in the computation caused by these interruptions always
form an undesired departure. If the degradation can be avoided by using a battery-backup, it will be found that the
interruptions cause a slight increase in the computation time because the system will switch from mains to battery
and vice versa. In many cases this departure is fully acceptable.

A.3.3 Electromagnetic compatibility (EMC)

In Clause A.2 it is stated that: "If all devices could exist side by side in harmony, the world
would be electromagnetically compatible (EMC)". The addition of a device to that environment
without causing EMI then means that this device has the property of being electromagnetically
compatible. Thus, EMC is defined as the “ability of an equipment or system to function

satisfactorilyv inits-electromagnetic-environmentwithout introducing-intolerable electromagnetic
Y 9 ) )

disturbances to anything in that environment.” (see 3.1.6).

The desired harmony comes to the fore in two important ways, which are the two key aspects
of EMC:

1) "fo function satisfactorily", means that the device (equipment or system) is "tolerapt of
gqthers", i.e., the device (equipment or system) is not susceptible to disturbances presgnt in
ifs environment;

2) "without introducing intolerable disturbances", means that the¢dévice "gives no offenge to
thers", i.e., the emission of the device (equipment op- system) does not result in
lectromagnetic interference.

Q0O

The [key aspects emission and susceptibility, previously mentioned with respect to EMI| are
equdlly the key aspects of EMC. This is illustrated in Figlfe A.2, which represents the begirning
of a pubdivision to be completed in Figure A.3.

Electromagnetic eompatibility

Electromagnetic emissions Electromagnetic susceptibility

IEC
Figure A.2 — Subdivision of EMC in its key aspects

A.3.4 The electromagnetic environment

In rg¢al life situations there are normally many sources (man-made and natural) emltting
elecfromagnetic ‘disturbances, creating an electromagnetic environment in which posgible
susceptible deyices reside. The diversity of situations is immense, and a complete description

ring
(calculating) certain parameters of the electromagnetic phenomena, such as voltages, currents,
fields, etc., at the locations involved. In most cases it is found that these quantities vary in time.
Therefore, the electromagnetic environment, as used in EMC applications, is defined as (see
3.1.3) the “"the totality of electromagnetic phenomena existing at a given location".

NOTE In general, this totality is time dependent and a statistical approach can be used to describe it.

The following observation can be made with regard to the use of the term electromagnetic
environment in the definition of EMC.
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Its environment: The definition of EMC refers to its environment and not to "an" environment or
"every" environment. This means that if a device has the property of being electromagnetically
compatible in a particular environment it does not necessarily mean that it will be
electromagnetically compatible in another environment. In most cases the properties of the
electromagnetic environment are never 100 % predictable, because they are location and time
dependent. This implies that EMC specifications can only be written in such a way that there is
an agreed or acceptable probability that the device is electromagnetically compatible in certain
environments.

A.4 Susceptibility/immunity

As dusceptibility is one of the two key aspects of both EMC and EMI, the definitign of
susceptibility is a broad definition and is given as follows (see 3.1.18): "inability of\a ‘deyice,
equipment or system to perform without degradation in the presence of an electromagpetic
disturbance".

The [opposite of susceptibility is immunity. Immunity is defined as (see~3.1.13): “ability|of a
devi¢e, equipment or system to perform without degradation in. "the presence of an
elecfromagnetic disturbance”.

It cap readily be seen that the definitions of immunity and susceptibility differ by one s|ngle
word: where "ability" is used in the definition of immunity inability" is found in that of
susceptibility. The question may arise as to whether, if the:definitions differ only by one wWord,
it is gensible to delete one of the terms and, if so, which term. The answer is surely negdtive,
for the following reasons.

As ppinted out in Clause A.3, the need to consider'the EMC of devices is the existence of [EMI,
hende the existence of susceptible devices. dn ‘general, it will always be possible to find an
eIecS]romagnetic disturbance causing degradation of the device performance. So, one has to
conslider EMC since susceptibility is a basic property of almost every device. This is|also
indigated in IEC 60050-161, where the note accompanying the definition of susceptibility s{ates
that pusceptibility is a "lack of immunity". Thus, a name is required for this basic property. Of
courge, this might be called "a lack-of immunity", but it is more sensible to choose one s|ngle
word: susceptibility.

But the ultimate goal is to achieve an electromagnetically compatible world. Hence, immune
deviges, equipment and.systems are very much needed. Therefore, the term immunity i$ the
relejant term to be _Used in EMC specifications. In general, immunity is achieved by tgking
preventive or corrective measures. It is noted that an immunity requirement is always spegified
for g given types«ef‘electromagnetic disturbance which is incident in a specified way; seelalso
Clause A.6.

A.5| Level and limit

When developing EMC specifications, specific values have to be assigned to the levels of
electromagnetic disturbances in the particular cases. The definition of level reads (see 3.1.17):
"magnitude of a quantity evaluated in a specified manner".

The definition of electromagnetic disturbance reads (see 3.1.4): “electromagnetic phenomenon
that can degrade the performance of a device, equipment or system, or adversely affect living
or inert matter”. If a quantity has to be evaluated in a specified way, it has to be known which
quantity is meant. Consequently, the description of a disturbance level has to reflect this
requirement, so it is described as: level of a given electromagnetic disturbance, measured in a
specified way.

The adjective "given" is also found in other level definitions, such as "emission level",
"susceptibility level", etc.
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Strictly speaking, it could be said that the addition of "measured in a specified way" is not
necessary, for the definition of "level" refers to "evaluated in a specified manner". However,
there is the risk that the "specified way" could be applied only to the measuring device and its
indicating instrument. The phrase "measured in a specified way" implies a specification of the
loading conditions of the disturbance source and a detailed description of the test configuration,
which can be summarized as follows: evaluated or measured in a specified manner or way
means:

The measuring device is sufficiently defined and chosen with regard to the type of disturbance
to be measured, and to the properties of desired signals which might be affected by the emission
measurement.

The [measuring equipment is sufficiently defined and chosen with regard to the. type of
distUrbance and associated properties to be determined. Examples of disturbancé)propgrties
are: peak amplitude, energy, rate of rise, repetition rate, etc.

The |oading conditions of the disturbance source are described. A measuring-set-up will prdsent
certgdin load impedances to the disturbance source(s) in the equipment under test (EUT). These
impgdances can be standardized, for example in type tests, or can depend on the conditiops at
the place of installation, for example in the case of in situ tests (seglalso Annex B, item a)2)).

The [test configuration has to be described in detail. This deseription needs to considef the
choig¢e of the reference (ground), the position of the EUT and m€asuring equipment with regpect
to that reference, connections to that reference, interconnections of the EUT with the measyring
devig¢e and other equipment, termination of terminals which are not connected to the measuring
devi¢e, and operating conditions of the EUT duringtesting. In addition, it can be necessafry to
desdribe the disposition of system components and configurations for maximizing the emigsion
level, cable lengths, decoupling of system companents.

Once a level has been determined, an evaltation of that level will be made: is it permissibjle or
not?|is it what has been required or not? etc. When setting EMC specifications, the pdrties
involved can agree on an acceptable\level, which then is called a limit. In the case qf an
elecfromagnetic disturbance, the_disturbance limit can be described as follows: maximum
pernjissible electromagnetic disturbance level.

Note| that the inclusion of electromagnetic disturbance level in this definition implies thaf the
limit|is specified for a given electromagnetic disturbance, measured in a specified way.|This
also[applies to other limit*definitions, such as "emission limit" and "immunity limit".

A.6| Emission:and immunity

As emission®is one of the two key aspects of EMC and EMI, its definition is rather broad and

readp (see’3.1.7): "phenomenon by which electromagnetic energy emanates from a sourcg".

In this definition, the source normally is a device, equipment or system, but it can, for example,
also be a human being or a piece of furniture. The two last named "sources" are of importance
when considering electrostatic discharge phenomena. An example of a natural source is
lightning.

In general, the emission will be determined in order to prevent EMI. However, a difficult question
is: "What is the relevant parameter of the electromagnetic energy to be determined, and how
will it be determined?" The problem is that there is seldom exact knowledge of the susceptibility
properties of devices, equipment and systems. In other words: it is seldom known precisely how
such an item exactly "measures and detects" the emission and, strictly speaking, it is not known
what has to be measured.

Experience has shown that it is necessary to measure certain types of emission. But, in fact,
all these measurements are no more than an attempt to replace possible susceptible devices
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by well-defined measuring devices in a defined measuring method. As a result, a determination
of the emission level can be very accurate, but its outcome can only be an indication of the
probability that EMC will be achieved.

The amount of emission of electromagnetic energy can be expressed in an emission level (see
5.2 for its definition) if the requirements for the determination of a level, as discussed in Clause
A.5, are fulfilled.

In that case, the type of disturbance has to be given as well, which means that it has to
be indicated which parameter of the emitted electromagnetic energy is considered. Examples
rameters are: magnetic field strength, electric field strength, common-mode current, V-

of p

term
is, al

manifests itself. "Part of" is written here on purpose as, in general, electromagnetic en
emapates from a source via conduction and radiation at the same time.

The [discussion of immunity measurements follows the same line as in the)case of emig

nal voltage. The parameters thus represent a certain electromagnetic phenomenon

that

disturbance, see Clause A.5) in which a part of the emitted electromagnetic | energy
ergy

sion

measurements. The only important difference is that the defined measuring equipment (dgvice

plus finstrument) is replaced by a defined disturbance source (generatof-plus coupling netw|

The
impe

Figufre A.3 gives an overview of various aspects of emission and immunity measurements)
ivision in standardized and in situ tests will be discussed in Annex B. Note that the Iowest

subd

arrows in each column in Figure A.3 point from "(test)Mimit" towards "(test) level" to ind

that
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task of this source is to replace all kinds of possible emiffers (with often unkr
dance properties) by a reproducible, defined emitter.

the maximum permissible and minimum required levels, i.e., the limits (see 5.2
tities which have been agreed upon.

ork).
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An immunity level is only known after a level@Causing degradation has been reached, that is,

after
unkn
If th
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imm

s risk is present, normally a "go’~"no go" test is carried out up to an electromag

Iinity level, i.e., the immunity, limit (see also 5.2).

a "lack of immunity", hence susceptibility, has been observed. The immunity level is pften
own in cases where exceeding that:level results in a (great) risk of damaging the de)ice.
hetic

rbance level which is equal to~or an agreed amount higher than) the minimum required


https://iecnorm.com/api/?name=95ea8776c5d2b5f4a136d0ee3cd976ec

— 34—

IEC TR 61000-1-1:2023 © IEC 2023

Electromagnetic compatibility
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Figure A.3 — Overview of various EMC terms and measuring conditions

A.7 Compatibility level and margin

From Clause A.3 to Clause A.6 it will be clear that it is often difficult, if not impossible, to
guarantee complete EMC, particularly because the definition of EMC refers to ‘its
electromagnetic environment", which means the (time dependent) totality of electromagnetic
phenomena occurring at the location of that device. As explained in Clause 5, the concept of
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probabilities (statistical distributions) has to be used to arrive at an acceptably, high probability
that electromagnetic compatibility will exist (for certain types of electromagnetic disturbances).

The compatibility level and its margin, defined in 5.2 and 5.3, and already discussed in 5.2.2,
might be determined along the following (idealised) lines.

If one considers a certain type of electromagnetic disturbance, at a certain value of the
independent variable (see 5.3), assumes that the associated probability densities p(D) of the
disturbance level and p(/) of the immunity level are known and in addition assumes that the

condition for EMC is given by (! — D) > 0 in order to find the probability C that (/ — D) > 0, i.e.

_ ({1 o) A
C= \kl _U}7U), mnen the prooabllty density p(/ — D) 15 CdlCulated TIrst. Alter td the

probpbility C = P((I—D) > 0) can be calculated, where C is the area under the curve\y(I|- D)

with {7/ — D) > 0. Figure A.4 gives a numerical example assuming log-normal distributions fgr the
disturbance and susceptibility levels. It is concluded that there is a high probability of achigving
EM({, in spite of the overlap of the curves p(D) and p(1).

MI-D
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The |area C under the™ curve p(/ - D) for values (I - D)>0 gives the probability of
having EMC at the values‘of/the independent variable under consideration

Figure A.4 <.Examples of probability densities p(D), p(I) and the resulting p(/ — D)

To dchieveEMC, one can proceed as follows. After a certain value of C has been chqgsen,
restrjctions ‘are imposed on the relative positions of p(D) and p(I), taking into account the width
of thedénsity functions. From the relation between p(D) and the specified emission limit(s)] and
p(I) andthe specified mmunity Hmit(s), thenm a vatue fotfows for the Tatio of the emission and
immunity limits, hence for the electromagnetic compatibility margin. Additional considerations
of a financial and technical nature then lead to a choice of the compatibility level, the emission
and immunity limits and the position of these limits relative to the compatibility level; see 5.2.2
and 5.3. In the determination of the limits, the step has to be made from the "probabilistic
situation" as determined by the possible actual situations to the "deterministic situation",
associated with standardized tests.

The definition of (electromagnetic) compatibility level reads (see 3.1.1): "specified
electromagnetic disturbance level used as a reference level for co-ordination in the setting of
emission and immunity limits".

The following comments can be made:
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a) The definition uses "disturbance level", hence it is associated with a given electromagnetic
disturbance measured in a specified way. In addition, one could mention a disturbance
compatibility level, for example a mains-harmonics compatibility level, a magnetic field
compatibility level, etc.

b) The level gives an indication of the probability of EMC, but only at the locations (in the
system) where that level is specified, as the definition of EMC states "in its environment".
Thus, the level need not be valid worldwide. The choice of a level will very much depend on
installation conditions.

In the case a compatibility level is determined, a quantitative interpretation of "acceptable, high
probability" has to be formulated by the IEC committee dealing with that compatibility level.
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