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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Conducted emission requirements on the low voltage AC mains
port in the frequency range 9 kHz to 150 kHz for equipment
intended to operate in residential environments
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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization co
ptional electrotechnical committees (IEC National Committees). The object of IEC is to promote inter
peration on all questions concerning standardization in the electrical and electronic-fields. To this
dition to other activities, IEC publishes International Standards, Technical Specifications, Technical

aration is entrusted to technical committees; any IEC National Committee interested in the subject d
participate in this preparatory work. International, governmental and non-govefnmental organizationg
the IEC also participate in this preparation. IEC collaborates closely with“the International Organiz
dardization (ISO) in accordance with conditions determined by agreement/between the two organiz3

formal decisions or agreements of IEC on technical matters express,‘as nearly as possible, an inter
ensus of opinion on the relevant subjects since each technical\eommittee has representation

intenested IEC National Committees.
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Publications have the form of recommendations for international use and are accepted by IEC
mittees in that sense. While all reasonable efforts are made to ensure that the technical conten
ications is accurate, IEC cannot be held responsibleor the way in which they are used or
hterpretation by any end user.

fder to promote international uniformity, IEC National Committees undertake to apply IEC Pub
parently to the maximum extent possible in theirnational and regional publications. Any divergence
EC Publication and the corresponding national or regional publication shall be clearly indicated in th

itself does not provide any attestation oficonformity. Independent certification bodies provide co
ssment services and, in some areas,.access to IEC marks of conformity. IEC is not responsible
ces carried out by independent certification bodies.

All users should ensure that they have,the latest edition of this publication.
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ability shall attach to IEC or its directors, employees, servants or agents including individual exp
bers of its technical committees and IEC National Committees for any personal injury, property da
r damage of any nature\whatsoever, whether direct or indirect, or for costs (including legal fe
nses arising out of"the publication, use of, or reliance upon, this IEC Publication or any ot
ications.

htion is drawn._tosthe Normative references cited in this publication. Use of the referenced publica
pensable for'the correct application of this publication.

draws attention to the possibility that the implementation of this document may involve the us

icly Available Specifications (PAS) and Guides (hereafter referred to as *EC Publication(s)").
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nt(s). IE€stakes no position concerning the evidence, validity or applicability of any claimed patent
ect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(

the

be reqwred to |mplement this document However, |mplementers are cautloned that th|s may not re

WWW.iSO0. org/patents IEC shall not be held responsible for |dent|fy|ng any or aII such patent rights.
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CISPR 39 has been prepared by CISPR subcommittee H: Limits for the protection of radio
services. It is a Publicly Available Specification.

The text of this Publicly Available Specification is based on the following documents:

Draft Report on voting
CIS/H/505/DPAS CIS/H/517/RVDPAS

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

The language used for the development of this Publicly Available Specification is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e revised.

NOTE [In accordance with ISO/IEC Directives, Part 1, IEC PASs are automatically withdrawn after 4'‘years.

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

This PAS complements IEC 61000-6-3:2020 by the addition of the following:

e addition of normative requirements for conducted emissions at the low voltage AC mains
port in the frequency range 9 kHz to 150 kHz;

e addition of an informative annex providing background information on the normative limits;

e addition of an informative annex with recommendations to limit the spectral density of
non-intentional emissions (NIE).

The technical content of this PAS was derived from a fragment of the maintenance of
IEC 61000-6-3 and, as CIS/H/459/CDV, this fragment received 100 % support from theiNational
Commijttees.

This PAS is published due to the urgent market needs for these requirements:
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Conducted emission requirements on the low voltage AC mains
port in the frequency range 9 kHz to 150 kHz for equipment
intended to operate in residential environments

1 Scope

This ¢
IEC 61
stands

It defipes low voltage AC mains conducted emission requirements in the’/frequency
9 kHz to 150 kHz which are considered essential and have been s€lected to prov

adequ
in the

The er
transn

2 Nq

The fo

constifutes requirements of this document. Fordated references, only the edition cited a

For u
amend

NOTE

CISPR
metho
Appar

CISPR
metho

for con
CISPR

rd has been published.

hte level of protection to both radio reception and Mains Comm@unicating Systems
Hefined electromagnetic environment.

nission requirements in this document are not intended«to-be applicable to the inte
issions and their harmonics from a radio transmitter as defined by the ITU.

brmative references

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

hdated references, the latest edition of the referenced document (includin
ments) applies.

The normative references in this clause are identical to those published in IEC 61000-6-3:2020.

16-1-1:2019, Specification for radio disturbance and immunity measuring apparat
s — Part 1-1: Radio disturbance and immunity measuring apparatus — Meg
htus

16-1-2:2014y,. Specification for radio disturbance and immunity measuring apparat
s — Part 132:°Radio disturbance and immunity measuring apparatus — Coupling d
ducted disturbance measurements
16-1<2:2014/AMD 1:2017

CISPR

ocument is applicable to electrical and electronic equipment within the scr:i:pe of
000-6-3:2020, for which no relevant dedicated product or product family EMGC "emission

range
de an
MCS)

htional

ontent
pplies.

g any

/s and
suring

/s and
evices

1622-1:2014. Specification for radio disturbance and immunity measuring apparat

s and

methods — Part 2-1: Methods of measurement of disturbances and immunity — Conducted
disturbance measurements
CISPR 16-2-1:2014/A1:2017

IEC 61000-6-3:2020, Electromagnetic compatibility (EMC) — Part 6-3: Generic standards —
Emission standard for equipment in residential environments
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3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 61000-6-3:2020 and
the following apply.

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

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

e |SQ Online browsing platform: available at hifps://www.iso.org/obp

3.1.1
primary function
any fuphction of an EUT considered essential for the user or for the majority of users

Note 1 fo entry: An EUT can have more than one primary function. For example, the_ primary functions of|a basic
televisign set include broadcast reception, audio reproduction and display.

3.1.2
UPS fyunction
power| supply function, that provides power during unintentional AC mains power supply
interruptions

3.1.3
adjustiable speed electric power drive function
a power drive system function that provides adjustable speed AC or DC motor drives apd can
convelt input and/or output voltages (line-to-line<voltage).

3.2 Abbreviated terms

For the purposes of this document, theabbreviated terms given in IEC 61000-6-3:2020 gnd the
following apply.

AC Alternating Cufrent

ACEC Advisory Committee on Electromagnetic Compatibility
AMN Artificial \Mains Network

AP Allowance Probability

AV Average

BPSK Binary Phase-Shift Keying

CF Coupling Factor

CF(E) Electric field Coupling Factor

CF(H) Magnetic field Coupling Factor

CISPR International Special Committee on Radio Interference
CM Common Mode

DC Direct Current

DM Differential Mode

EMC Electro-Magnetic Compatibility

EUT Equipment Under Test

FS Field Strength

FSFI Free Space Field Impedance

FSK Frequency-Shift Keying
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H-Field Magnetic Field

IEC International Electrotechnical Commission
ISO International Standards Organization

IVL Integral Voltage Level

LED Light Emitting Diode

LF Low Frequency

MCE Mains Communicating Equipment

MCS Mains Communicating System

NEC?2 Numerical Electromagnetics Code 2

NIE Non-Intentional Emission

OFDM Orthogonal Frequency-Division Multiplexing
RFI Radio Frequency Interference

PR Protection Ratio

QP Quasi-Peak

UPS Uninterruptible Power Systems

V-AMN Artificial Mains V-Network

VLF Very Low Frequency

4 General

The reguirements specified in this document are applicable to an equipment intended to operate
in the|residential environment. For any additional information needed to assess emissions
according to Table 1, refer to IEC 61000-6-3:2020.

5 Documentation for the user

In addjtion to the requirements:specified in Clause 6 of IEC 61000-6-3:2020, the instryctions
for usg of the equipment shalliinclude, where relevant, the notification required by footngte @ to
Table |1.

6 Emission test details
The rejquirements in Table 1 shall apply.

The following shall be taken into account during the application of the measurements defined
in Table Y

e At transitional frequencies, the lower limit applies.

o Where the limit value varies over a given frequency range, it changes linearly with respect
to the logarithm of the frequency.
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Table 1 — Requirements for conducted emissions, low voltage AC mains port
in the frequency range 9 kHz to 150 kHz

Measurement Frequency Limits dB(uV) Measurement Limitations
network range specifications and
MHz Detector restrictions
V-AMN 0,009 to 0,05 120,5 to 110 Instrumentation, None
Quasi-peak CISPR 16-1-1:2019,
Clauses 4, 5and 7
0,05to0 0,15 104 to 80 2
Quasi-peak Networks,

CISPR 16-1-2:2014 and
CISPR 16-1-2:2014/AMD1:2017,
Clause 4

Method,

CISPR 16-2-1:2014 and

CISPR 16-2-1:2014/AMD1:2017,
Clause 7

Set-up,

CISPR 16-2-1:2014 and

CISPR 16-2-1:2014/AMD1:2047¥
Clause 7

NOTE | See Annex A for background information about the normative limits, including recommendations reljated to
the linfit application in the frequency range 9 kHz to 150 kHz, and Annex B-for recommendations to imnprove
compafibility with MCE by additional assessments.

2  For equipment with a primary function according to 3.1.2 (UPS funttion) or 3.1.3 (adjustable speed g¢lectric
power drive function), the following limits can be applied: 110 dB(f1Y) to 82,5 dB(uV). When these relaxef limits
are| applied, it shall be recorded in the test report and a notification shall be added in the user manua| of the
eqlipment. The notification shall state that such equipment¢has a higher risk of interference, and gpecific
mefpsures might be required for its installation and opétation, or it can be necessary to disconngct the
eqyipment.
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Annex A
(informative)

Background information on the normative limits
in the frequency range 9 kHz to 150 kHz

A.1 Derivation of the normative limits

The starting point for the derivation of limits in the frequency range 9 kHz to 150 kHz for
residential environment are the compatibility levels contained in IEC 61000-2-2:2002,
IEC 61000-2-2:2002/AMD1:2017 and IEC 61000-2-2:2002/AMD2:2018.

The cqmpatibility levels have been defined in the frequency range from 9 kHz to 150" kHz, after
long cpntroversial discussions in IEC SC77A, under direct supervision of ACGEC, to improve
EMC {or equipment such as mains communicating systems, electricity /meters and |clocks
suppligd by public low voltage AC mains supply systems against disturbantes generated by
equipment such as switching power converters, switch mode power\supplies, photojoltaic
invertgrs, etc.

IEC 61000-2-2:2002/AMD2:2018, the defined compatibility ‘level curve represents thg best
currently achievable compromise supported by all stakehelders and has been defined for
voltage distortion in differential mode.

As e>1plained in Annex D of IEC 61000-2-2:2002, IEC 61000-2-2:2002/AMD1:201}f and

The tgsk to derive emission limits from these compatibility levels has been given to ja joint
workinig group between CISPR H and IEC SC77A with the following terms of reference:

e De)eloping equipment emission limits ‘in the frequency range 9 kHzto 150 HHz to
ac¢ommodate the latest amendments0*|EC 61000-2-2 for this frequency range.

e De)eloping the methodology for.emission measurements against the newly devgloped
limjits, possibly using measuring equipment and methods from the CISPR 16 series for both
differential mode and common mode disturbances. The suitability of the methodologt/ shall

be|shown.

o Pre¢paring appropriate simplementation in standards, i.e. proposing an amendment|to the
generic standard — which has a pilot function for the product standards — and prepar|ng the
implementation into;Product/Product Family standards.

Measuyrements inythe 9 kHz to 150 kHz frequency range have been based on the estahlished
quasi-peak detector in a 200 Hz bandwidth, as defined in CISPR 16-1-1:2019, with the
measuring methods specified in the CISPR 16 series. Accordingly, the same medsuring
equipmenticah be used to evaluate both the protection requirements for MCS and the progection
requirgments for radio services.

Since the CISPR method is based on the measurement of unsymmetrical voltages (i.e. voltage
referenced to earth using the V-AMN, see Figure A.1), the calculation of the limit values is
based on the recommendations from the Note in 4.12.1 of IEC 61000-2-2:2002,
IEC 61000-2-2:2002/AMD1:2017 and IEC 61000-2-2:2002/AMD2:2018, which is quoted as
follows.
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NOTE Based on the following assumptions, an emission margin equal to or higher than 3 dB between the equipment
emission limits in differential mode for non-intentional emissions and the corresponding compatibility levels, or a
difference equal to or higher than 9 dB (3 dB for the emission margin +6 dB for the conversion factor between the
unsymmetrical voltages and the voltage in differential mode) between the equipment emission limits for
unsymmetrical voltage distortion and the compatibility levels in differential mode given in 4.12.2 and 4.12.3, is
sufficient:

— for each bandwidth of 200 Hz, the probability that the compatibility level is exceeded is lower than 5 %;

— at a given location, the disturbance level in a same bandwidth of 200 Hz does not result from more than two
pieces of equipment generating non-intentional emissions close to the emission limit at the same time;

— non-intentional emissions from different equipment are generated independently from each other.

The 6 dB conversion factor is based on the very worst-case assumption that the EUT produces
only differential mode emission. The compatibility levels in IEC 61000-2-2:2002,
IEC 61000-2-2:2002/AMD1:2017 and IEC 61000-2-2:2002/AMD2:2018 are given only for
symmetrical voltage (line to neutral) and in this case the measured unsymmetrical‘vol{age is
only hplf of a hypothetically produced 100 % symmetrical disturbance voltage. In‘reality, the
unsym|metrical voltage is made by the combination of both differential mode and’eommor mode
disturjance voltages. Accordingly, the fixed 6 dB conversion factor gives an additional margin
for the| protection of mains communicating systems.

In sumpmary, the normative limits for unsymmetrical voltage in the frequency range 9 kHz to
150 kHz have been set 9 dB lower than the compatibility levels fof this frequency ranjge, as
suggested in I[EC 61000-2-2:2002, IEC 61000,2-2:2002/AMD1:2017 and
IEC 61000-2-2:2002/AMD2:2018.

PIL Ly Ly Rs

|

Equipment
under test

1 ’

| Measlring
| recejver
I

TIE
(o

D

IEC

SOURCE: CISPR 16-1-2:2014 and CISPR 16-1-2:2014/AMD1:2017, Figure 5.

Figure A.1 — Example of a V-AMN

Footnote a in Table 1 gives a slight relaxation of the limits for some equipment. This relaxation
of the limits is based on the assumption that all such equipment is not used by more than 5 %
of all customers connected to the same medium voltage / low voltage transformer. In case of
interference generated by equipment, using this relaxation, the connection of such equipment
might be restricted, for example by the distribution system operator.
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For equipment widely used in household environment and consequently expected to be present
in a high percentage of residential installations and with several units per installation (e.g.
lighting equipment), in the frequency range 50 kHz to 150 kHz, it is recommended to apply a
quasi-peak limit decreasing linearly with the logarithm of the frequency from 90 dB(pV) at
50 kHz to 80 dB(pV) at 150 kHz, in line with existing limits for lighting equipment in
CISPR 15:2018.

A.2 Radio protection analysis

A.2.1 General

As exdlained in defail, the Timits in the frequency range 9 kHz to 150 kHz were derived,frpm the
compdtibility levels in IEC 61000-2-2:2002, |EC 61000-2-2:2002/AMD1:2017°] and
IEC 61000-2-2:2002/AMD2:2018 for protection of MCS operation. Additionally, these linfits are
also imtended to protect radio reception in that frequency range. Therefore;: the following
considerations do not derive a whole new set of limits, but model the field stréngth expeg¢ted at
the frgquencies of radio services at the given protection distance, when radio frequency
emissipn having an amplitude equal to the limits specified in this document’is injected into the
mains [grid and radiated by the cables of the grid. Since the V-AMN does*not separate cqmmon
and differential mode disturbance voltages, for these calculations)s it is assumed tHat the
measyred value from the V-AMN is based on a disturbance voltage from the EUT, prqduced
either [100 % in common mode or 100 % in differential mode. (This would represent thg worst
case for each analysis.

A.2.2 Radio protection analysis for common mode/disturbance injections
A.2.2. Derivation of coupling factor by simulation

For the case at hand, a conducted limit liné’ shall be derived based on the profection
requirgments of the radio services given in field strength values in the requested projection
distang¢e (which for residential environments is a distance of 10 m). At first a represeptative
radiatipn model shall be defined. In a residential environment, electronic or electrical devices
are typically connected to some wite)in the house and will via connection to the installation
topology around the house (including all possible directions) finally terminate in the [circuit
breakgr box. From the viewpoint-of which cable topology would possibly have the makimum
radiatipn efficiency, a vertical'\wire (i.e. a vertical antenna) would represent the worst cage of a
possibfle common mode radiator. With respect to the length of such a wire, a length of 30 m is
estimated as the worst ease in typical residential environments. Therefore, the coupling factor
for a 30 m long verticalantenna (see Figure A.2) was chosen to represent the worst pgssible
coupling situation for common mode injection. Any real installation, where the low voltage line
would [take a respective path around the house connecting power outlets, switches, lamps and
other appliances,*would radiate less than the scenario chosen.
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a) Pimple vertical wire fed with 1 V CM voltage

A simdlation with a finite momentum solver NEC2 for the §everal frequencies and a feed

of CM
Table
meant
and th
factor
to unit

—14 -

Egot (mV/m) 10,97 mV/m for X =10, Y =0,
239
224
209
194

179

CISPR PAS 39:2024 © IEC 2024

,Z=1

IEC

b) Electric field strength distribution

at the yellow dot in 1 m height

Figure A.2 — Worst case common mode radiator for residential environment

voltage at the bottom of the structure results~inthe coupling factor values sh
A.1 and Figure A.3. The value of 1V is chosen<for simplicity, as this calculation
to determine the CF of the radiating structure, which is the ratio of the field str
le injected radio frequency voltage. As two different field types are emitted, a cg
s needed for both electric CF(E) and magnetic CF(H) fields. The latter can be con
5 of the electrical field in order to compare their magnitude.

Table A.1 — Simulation results for the coupling factor for both field types

IEC

of 1V
bwn in
s only
bngths
upling
verted

Frequency CF(H) FSFI CF(E) Maximum|CF
MHz 1/Q/m 1/m 1/m 1/m
0,009 4,28x 10 1,61 x 1073 0,013 3 0,013 3
0,010 3/89 x 108 1,47 x 1073 0,013 3 0,013 3
0,020 2,23 x 106 8,41 x 10 0,013 3 0,013 3
0,030 1,80 x 106 6,79 x 10 0,013 3 0,013 3
0,040 1,68 x 106 6,33 x 10 0,013 3 0,013 3
05050 1,69 x 106 6,37 x 10 0,013 3 0,013 3
0,060 1,75 x 106 6,60 x 10 0,013 3 0,013 3
0,070 1,86 x 1076 7,01 x 104 0,013 3 0,013 3
0,080 1,98 x 1076 7,46 x 10 0,013 3 0,013 3
0,090 2,12 x 1078 7,99 x 104 0,013 3 0,013 3
0,100 2,27 x 1078 8,56 x 10 0,013 3 0,013 3
0,110 2,43 x 1076 9,16 x 10 0,013 3 0,013 3
0,120 2,59 x 1076 9,76 x 10 0,013 3 0,013 3
0,130 2,76 x 106 1,04 x 1073 0,013 3 0,013 3
0,140 2,95 x 106 1,11 x 1073 0,013 3 0,013 3
0,150 3,17 x 10 1,20 x 1073 0,013 3 0,013 3
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Figure A.3 — Simulation results for the coupling factor-for both field types

Table A.2—~Worst case disturbance field strength at 10 m distance

radius|of 10 m (protection distance) and a height of 30. m divided by the feed voltage pf 1 V.
The cyllinder is emulating the use of a turntable in a typical EMC measurement, which hgwever
in the tase at hand is not necessary as the chosen ebject is of rotational symmetry. The|CF for
the mdgnetic field is multiplied by the free space-field impedance ("FSFI" in Table A.1), 4o both
field types can be compared. As expected for'a short (compared to the wavelength) wire
antenrla capacitive coupling prevails in the “nearfield, and thus the maximum coupling is
provided by the electrical field CF(E), compared to the magnetic field CF(H), for all frequencies

The cqupling factors were calculated by finding the maximum field strengths on a cylindgr with
in question.

Using the limits specified in Table 1 and the CFs derived above, the disturbance field strength

which would be produced at the.protection distance in the worst case can now be calctlated.

The refsults are given in Table™A.2 and Figure A.4.
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Figure A.4 — Worst case disturbance field strength at 10 m distance

A.2.2.2 Application of the disturbance model CISPR TR 16-4-4

-16 - CISPR PAS 39:2024 © |IEC 2024
Frequency Limit CF CF Electrical field
MHz dB(uV) 1/m dB(1/m) dB(pV/m)
0,110 86,8 1,3 x 1072 -37,7 49,1
0,120 84,9 1,3 x 102 -37,7 47,2
0,130 83,1 1,3 x 102 -37,7 454
0,140 81,5 1,3 x 102 -37,7 43,8
0,150 80,0 1,3 x 102 -37,7 42,3
90

IEC

Equatipn (37) from CISPR "TR 16-4-4:2007, CISPR TR 16-4-4:2007/AMD1:201f and
CISPR TR 16-4-4:2007/AMD2:2020 is the basis for the limit calculation:

Elimit = :Uw _Rp + :up1 +I'lp2 +IJp3 +l'lp4 +I"p5 + /Jp6 +:up7 +:up8 +,Up9 +lup10 +tB ><O-i

2 2 2 2 2 2 2 2 2 2
—fo % \/(cpl +0py #1003 700, 005 + 056 + 057 +0p5 + 059 + 07 )

(A.1)

This equation is based on ten probability factors P1 to P10 (up4 to ypqqg in Equation (A.1)) and
parameters of the wanted signal u,, and Rp, which are entries in the IEC Radio Services

Database. Table A.3 describes the meaning of the probability factors, their values, the
respective values for their variations and an explanation for the values, for those radio services
in the database, which can be expected to be operated near products falling in the scope of this

document.
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The derivation of values for the probability factors from the model, described in
CISPR TR 16-4-4:2007, CISPR TR 16-4-4:2007/AMD1:2017 and
CISPR TR 16-4-4:2007/AMD2:2020 is debatable. Instead of fixed values for some of the
probability factors a range of values between uPi, and uPi, (such as i takes one of the following

values: 1, 4, 7 or 9, depending on targeted probability factor) has been given. Accordingly, also
a range of values for the final results of the estimations has been given. Further considerations
have not been necessary, because the application of the more stringent parameters showed,
that the new limits proposed in this document for this frequency range are also sufficient for the
protection of the radio services.

Table A.3 - Probability factors and respective rationales

Probability Meaning Mp; Op; Explanation
faqtor
dB dB

P1a Directivity 0 0 Emitter at these wavelengths have no directivity as‘the antenhas
source are always (short) monopole antennas.

P1b Directivity 6 0 The probability of having vertical wires and‘herizontal wires fpr
source emitting disturbances is about 50 %. Onlyvertical wires causp

radiation, horizontal wires are attenuated by the earth.

P2a+b| Directivity 6 8 Time signal receivers usually usesfefrite rod antennas with a fipole

victim radiation pattern as described in

CISPR TR 16-4-4:2007, CISPR_TR 16-4-4:2007/AMD1:2017 @nd
CISPR TR 16-4-4:2007/AMD2:2020, 5.6.5.2.1.2, leading to a
directivity of 6 dB. The value’for oPi is taken from the same dlause

as 8 dB.
P3a+b| Stationary 0 0 Time signal reception usually is stationary, as are ripple contfol
receivers.
P4a Frequency 3 3 Typical emitters in this frequency range (e.g. LED lighting, switch
correlation mode powerisupplies) are broadband (including their harmon|cs

and dithering) and usually affect many frequencies in the range

9 kHz te 150 kHz at the same time. It is estimated that about |half of
the frequency range is affected. The variance can reach from
natrowband to full spread of the spectrum.

P4b Frequency 10 3 The practical experience of measuring EMC potential of typicpl
correlation electronic devices shows, that not more than 10 % of the speftrum
is disturbed (including harmonics) by a noise level which almpst

reaches the level of the limit. The 10 dB are still very conser\ative.

P5a+b| Harmonics 0 0 The harmonics are considered under P4 already.

P6a+b| Disturbing 0 0 Typical disturbers in this frequency range are switched mode|power
signal supplies and alike, that generate a wide signal. In contrast time
produces signals are very low in bandwidth, so it can be assumed, that|the
significant disturbance channel of the victim is always filled.
effect

P7a Time 13,8 | O Time signal receivers usually only synchronize once a day. Thus,
Correlation reception of 1 hour out of 24 hours is sufficient.

3 0 For the amateur radio service allocation it can be assumed, that

only night time reception is worthwhile in the frequency range, thus
leading to pp, of 3 dB.

P7b Time 30 5,5 Time signal receivers usually synchronize only once a day, one
correlation minute is sufficient for time signal reception. So a probability of one
minute out of 24 h is assumed as 0,1 %.

9 3 At 137 kHz there is also a radio service used by radio amateurs. It
is assumed that a radio amateur is using his service not more than
3 h a day. Therefore the probability is 12,5 %.

P8a+b Location 3 3 It is assumed that every second household has a time signal
correlation receiver.
60 3 For the amateur radio service allocation, it was assumed, that only

one amateur among 1 000 people exists. Since the LF band is very
special with respect to antenna construction, only about one in a
thousand of amateurs actually use this band, leading to a g of

60 dB.
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Probability Meaning Mp; Op; Explanation
factor
dB dB
P9a Edge of 3 3 Long wave reception usually is ground wave propagation, thus a
service basic approximation could be based upon a simple circularly
response and the ratio between the two different coverage areas.
P9b Edge of 10 3,2 The range of radio services, especially in the long wave range, can
service be assumed as a circular area. The further a receiver is away from
the transceiver, the weaker the signal becomes. At a certain point
of attenuation of the signal the receiver can be assessed as
operated on the edge of the service. Time signal receivers have a
coverage of round about 1 000 km. Receivers operated at a
distance of more than 900 km are estimated to be at the edge of
this-service—Probabitity-for-arecetrertobe-withirthis—edge—ean
easily be calculated by the ratio of these two coverage areas| In
this long wave time receiver situation a probability P9 of'20 % is
calculated.
P10a+p Building 0 0 Most time signal receivers are inside houses as are'typical
attenuation emitters. Thus, no building attenuation can be_considered in this
frequency range.
Radio [services, that would be expected very far away from any préduct falling in the sgope of

this dg
vastly

away from any disturber. Considering a signal attenuation of at*least 20 dB/decade, the Iq

correls

cument (passive lightning detectors, VLF and LF navigation and communicatio
predominated by location correlation. Receivers of those services are at least 1

tion would allow at least 60 dB allowance of probability.

n) are
000 m
cation

Equatipn (A.1) is applied to all radio applications:listed in the database to calculgte the

maxim
the pr

summtry of these calculations and includes*the sum of the probability factors, known

allowa

In the
there i

e Pa

e VLF Navigation (Alpha)

e VLF Marine (communication)

e LF|Marine communication

Additignally, the)historic VLF transmitter is not considered relevant, because it transmits

days p

um tolerable noise levels and the required field strength limits, including considerg
bbability factors, the radio sensitivity and the protection ratio. Table A.4 prov

ce probability AP.

following Table A.4, the following radio services are not considered relevant bg
5 no planned reception in the résidential locations:

5sive lightning locators

er year.

tion of
des a
as the

cause

only 2
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Table A.4 — Calculations of the required field strength limit

Method a Method b
Radio Sl::tque;:::p Sensitivity | PR | Location T°r:§:::'e AP | FS Limit | AP | FS Limit
service
kHz kHz | dB(uV/im) | dB dB(uV/m) | dB |dB(uV/m) | dB |dB(pV/m)
19,95 | 20,05 60 12 Worldwide 48 21 69 56 104
39 41 60 12 Japan 48 21 69 56 104
49,25 | 50,75 60 12 Russia 48 21 69 56 104
Standard
frequency | 59 | 61 60 12 | YA, USA, 48 21 69 56 | 104
and Time apan
sign ' 6585 6735 a0 12 Ruccia 49 24 a9 56 104
servite | 68,25 | 68,75 60 12 China 48 21 69 56 104
77,25 | 77,75 60 12 Germany 48 21 69 56 104
99,75 | 102,5 60 12 China 48 21 69 56 104
LFlafrIfed 129,1 | 139 60 12 | Germany, 48 21 69 56 104
ungary
basqd
Ar:;adti ;ur 135,7 | 137,8 -17 10 Worldwide -27 65 38 70 43
NOTE ([The field strengths for both methods in Table A.4 were calculated“using Equation (A.1) and thq values
provided in Table A.3, while ta and {8 are 0,84, while oi was set to zero, ngtyconsidering any measurement vhriation.
On Figure A.5, the middle point of the frequency service is used.
To investigate whether the proposed limit is able to proetect the respective radio applicatipn, the
field s{rength limits shall be compared to the derived:limit line from A.2.2.1, which is shpwn in
Figure|A.5.
Each green or blue dot represents a radio applications tolerance value for protection. As long
as the|service can tolerate a higher distasbance field strength than produced by the groduct
(green|or blue dot above the limit line) the application is protected against such a scenarip. This
is true|for most of the radio applications. Two standard frequency and time signal services and
the amateur radio service are 6 dB.to 8 dB below the line. However, considering the wordt-case
approjimation of the coupling factor, a good protection should be provided for those as ell.
Althoupgh this evaluation applying the introduced model for the common mode coupling sifuation
is bas¢d on various inpub parameters and contains statistical processes it leads to caldulated
limit values comparablé to the proposed limits in the frequency range 9 kHz to 150 kHz. With
respeqt to CISRR TR 16-4-4:2007, CISPR TR 16-4-4:2007/AMD1:2017| and
CISPR TR 16-4:4:2007/AMD2:2020, 5.3.6.3, the working group found consensus on tHe limit
line dgpicted+as’/a red line in Figure A.5. The final conclusion for common mode distufbance
injections is, that the new limits proposed in this document are also acceptable for the protection
of radip services.
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Figure A.5 — Proposed field strengths limits compared
to protection needs of radio applications

A.2.3 Radio protection analysis for differential mode disturbance injections
A.2.3. Derivation of\coupling factor by simulation

Generally, a differential mode source in a mains line system can cause significant field sfrength
values|in the vicinity or at greater distance due to two different phenomena.

One effect, isithat some of the differential mode energy is coupled to common mode curient by
mode [conversion. Those conversions can happen, if significant phase shifts to the garallel
running wifes of a house installation appear. For example, this can occur at a typical light $witch,
where the phase is led through the switch and thus introduces an asymmetry in cable length to
the system. But due to the fact that the smallest wavelength (for 150 kHz) is two kilometers,
typical length differences in residential areas are much smaller and the effect of this coupling
method for this frequency range is negligible.

The second phenomenon however has the capability to have a significant impact. If a differential
mode signal is coupled into a cable topology presenting loop-shaped sections, the opposing
currents within such loops will no longer cancel out each other and their magnetic field
components will thus provide a residual disturbing magnetic field. That kind of loops could occur
around a circuit breaker box or other installations inside houses in residential areas.
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To investigate this effect with respect to radio protection, a model is needed as well as a
respective coupling factor between the disturbance current and the magnetic field at the
protection distance (which for residential environments is a distance of 10 m). For this
investigation three different square-shaped current loops are used. The side length of the loops
are 20 cm, 50 cm and 100 cm and they are mounted vertically with their centre at a height of
1,3 m above a conducting ground (see Figure A.6). The loops are fed with 1 A of differential
mode current and the maximum of magnetic field strength values is determined on a cylinder
surface with a radius of 10 m (protection distance) and a height of 15 m. To calculate the
coupling factor the detected maximum field strength is divided by the feed current of 1 A. The
simulation was performed with a finite momentum solver NEC2 for several relevant frequencies.
Figure A.6 also shows the field strength distribution at 70 kHz for a 50 cm square-shaped wire
loop at a height of 1 m.
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a) Simple 50 cm loop fed with 1 A DM b) Magnetic field strength distributipn at
current (feeding point is the pink dot) 1 m height

KFigure A.6 — Worst case differential mode radiator for residential environmenit

The resulting coupling factors are shown numerically and graphically in Table AJ5 and
Figure|A.7. It should be.noted, that the coupling does not change over frequency, becayse the
loop size is very smallhagainst the wavelength and thus the current in the loop never significantly
changes phase angle. The larger the loop area, the stronger the coupling becomes. This shall
be corsidered,when the worst-case selection is revisited for final approval of the model
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Table A.5 — Calculations of the required field strength limit

20 cm 50 cm 100 cm 20 cm 50 cm 100 cm
Frequency CF(H) CF(H) CF(H) CF(H) CF(H) CF(H)
MHz 1/m 1/m 1/m dB(1/m) dB(1/m) dB(1/m)
0,009 1,33 x 10°° 8,33 x 1075 3,32 x 10 -97,5 -81,6 -69,6
0,010 1,33 x 107 8,33 x 105 3,32 x 10 -97,5 -81,6 -69,6
0,020 1,33 x 10 8,33 x 105 3,32 x 10 -97,5 -81,6 -69,6
0,030 1,33 x 10 8,33 x 105 3,32 x 10 -97,5 -81,6 -69,6
0,040 1,33 x 10 8,33 x 10™ 3,32 x 1074 -97,5 -871,6 -89,6
0,050 1,33 x 10 8,33 x 105 3,32 x 10 -97,5 -81,6 -69,6
0,060 1,33 x 1075 8,33 x 10 3,32 x 10 -97,5 -81,6 -69,6
0,070 1,33 x 10°° 8,33 x 10 3,32 x 104 -97,5 -81,6 -d9,6
0,080 1,33 x 10°° 8,33 x 1075 3,32 x 10 -97,5 81,6 -69,6
0,090 1,33 x 10°° 8,33 x 1075 3,32 x 10 -97,5 -81,6 -69,6
0,/100 1,33 x 10°° 8,33 x 1075 3,32 x 10 -97,5 -81,6 -69,6
o110 1,33 x 10 8,33 x 105 3,32 x 10 -97,5 -81,6 -69,6
0,120 1,33 x 10 8,33 x 105 3,32 x 10 -97,5 -81,6 -9,6
0130 1,33 x 10 8,33 x 105 3,32 x 10 -97,5 -81,6 -69,6
0140 1,33 x 10 8,33 x 105 3,32 x 1034 -97,5 -81,6 -49,6
0150 1,33 x 1075 8,33 x 105 3,32 x 104 -97,5 -81,6 -69,6
—60 : : : : : : :
70 — — 5 E
PP RERERER N
g LN i i i MRERE |
3 & @ | | O e |
6 ~90 ) | ECF (50 cm)
1 ; | | | ©f 40 o E
NOIIISSSEREEEASSSRIRARRERRRRRRRRRRREE
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Frequency, f (MHz) EC

Figure A.7 — Simulation results for the coupling factor for differently sized loops



https://iecnorm.com/api/?name=9750e9e980973704e7fa1ff58996b309

CISPR PAS 39:2024 © IEC 2024

- 23—

A.2.3.2 Determination of the injected current

The limits for conducted disturbance, specified in this document, are given as disturbance
voltage measured with an AMN as defined in the CISPR 16 series. A typical circuit diagram of
such an AMN is shown in Figure A.8. For frequencies above 1 MHz, this AMN presents an
unsymmetrical impedance of 50 Q. Thus, for those frequencies the voltage limit can be
converted to a current limit needed for simulated injection into the current loop by subtracting
34 dB (= 20 log10(50 Q)). However, as for lower frequencies the 50 uH-coil presents a low
impedance and the 250 nF-capacitor becomes less conductive, the real impedance presented

in the test case is lower than 50 Q.
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a) Circuit.diagram of an V-AMN

[=—— Impedance |

101

b)

102

f (kHz)

103 104

IEC

Input impedance of an V-AMN

Figure A.8 — Properties of a V-AMN

In consequence, the conversion between voltage and current limits becomes frequency
dependent and shall be determined for each frequency. The result is given in Table A.6,
especially showing the converted current limit, which will be used for injection to find the

respective disturbance field strength in the protection distance.
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Table A.6 — Conversion from voltage limit to current limit for injection

Frequency AMN impedance Limit
MHz Q dB(Q) dB(pV dB(pA)
0,009 4,9 13,8 120,5 106,7
0,010 4,99 14,0 119,9 105,9
0,020 7,06 17,0 115,6 98,6
0,030 9,72 19,8 113,1 93,4
0,040 12,43 21,9 111,4 89,5
8-649 4483 234 4404 86-F
0,050 15,09 23,6 104,0 804
0,060 17,64 24,9 100,0 75,1
0,070 20,06 26,0 96,6 70,6
0,080 22,33 27,0 93,7 66,8
0,090 24,44 27,8 91,2 63,4
0,100 26,4 28,4 88,9 60,4
0,110 28,21 29,0 86,8 57,8
0,120 29,87 29,5 84,9 55,4
0,130 31,39 29,9 83,1 53,2
0,140 32,77 30,3 81,5 51,2
0,150 34,04 30,6 80,0 49,4

These
A.2.3.
of dist
done |

current limits were now injected intg the three different current loops as described in
. Table A.7 and Table A.8 show the-detailed calculation resulting in three differept sets
irbance field strength at the victim's position in a protection distance of 10 m. This was
y calculating the magnetic field(H-Field) [dBuA/m] for all three loop sizes by adding the

couplipmg factor CF [dB(1/m)] to thecalculated current limit [dBuA]. As a disturbance situgtion is

very m
display
imped

servicgs in Figure A.9 much’ easier.

H[dBuA/m] = Limit[dBuA]+CF|dB(1/m)|

uch in the far field of the.réspective radio transmitter, the magnetic field strength gan be
ed in units of the electric field [dB(uV/m)] by adding 20 log(377) = 51,5 dB (free|space
hnce), which makes, the comparison with the respected protection needs of thg radio

(A.2)

H,.[dBuV /m]=H[dBpA /m]+51,5 dB

CF[dB(1/m)]=20log,,(CF[1/m])

(A.3)

(A.4)
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Table A.7 — Disturbance field strength calculation for 20 cm and 50 cm loops

20 cm loop 50 cm loop
';’:g;’ Limit CF CF H-Field | H,-Field CF CF H-Field | H-Field
MHz | dB(pA) 1/m | dB(1/m) | dB(uA/m) | dB(uV/m) 1/m | dB(1/m) | dB(uA/m) | dB(uV/m)
0.008 106.7 133 | g5 02 60,7 833x | -816 25,1 76,6
10 10
0.010 105.9 1335 | o5 8.4 59,9 833 | -81,6 24,3 75,8
10 10
0.020 133 x R2 6 8 33 x -81 6 170 8,5
, U8,6 105 97,5 T, 105
1,33 x 47,4 8,33x | -81,6 11,8 $3,3
0,030 93,4 105 97,5 41 105
1,33 x 43,5 8,33x | -81,6 7.9 9,4
0,040 89,5 AP 97,5 -8,0 AP
0.049 86.7 133 | g5 0.8 40,7 833x | -818 5,1 6.6
10 10
0.050 80.4 1335 | o5 71 34,4 8,33 x |-°61,6 1,2 0,3
10 10
1,33 x 29,1 8,33 x| -81,6 6,5 450
0,060 75,1 o8 97,5 22,4 s
1,33 x 24,6 8,33x | -81,6 -11,0 40,5
0,070 70,6 AP 97,5 -26,9 o5
1,33 x 20,7 8,33x | -81,6 -14,8 6,7
0,080 66,8 AP 97,5 -30,8 o5
1,33 x 17,4 8,33x | -81,6 -18,2 3,3
0,090 63,4 105 97,5 -34,1 105
1,33 x 14,4 8,33x | -81,6 21,2 0,3
0,100 60,4 AP 97,5 871 o5
1,33 x 11,7 8,33x | -81,6 -23,8 27,7
0,110 57,8 o8 97,5 -39,8 o8
0.120 55.4 1335 | 575 422 9,3 8,33 | -81,6 -26,2 25,3
10 10
- 53.2 13091 75 443 7.2 833x | -816 28,4 23,1
10 10
0.140 51.2 133 | g7 46,3 5,2 8,33 | -81,6 -30,4 21,1
10 10
o1s0|| @ga | "% | e75 | 482 33 B3| tte | %22 o3
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Table A.8 — Disturbance field strength calculation for 100 cm loop

100 cm loop
Frequency Limit CF CF H-Field H,-Field

MHz dB(uA) 1/m dB(1/m) dB(uA/m) dB(pV/m)

0,009 106,7 3,32 x 104 -69,6 37,1 88,6

0,010 105,9 3,32 x 104 -69,6 36,3 87,8

0,020 98,6 3,32 x 104 -69,6 29,1 80,6

0,030 93,4 3,32 x 10 -69,6 23,8 75,3

0,040 89,5 3,32 x 10 -69,6 19,9 7,9

0,049 86,7 3,32 x 10 -69,6 17,1 68,

0,050 80,4 3,32 x 10 -69,6 10,8 62,

0,060 75,1 3,32 x 10 -69,6 5,5 57,

0,070 70,6 3,32 x 104 -69,6 140 52,

0,080 66,8 3,32 x 10 -69,6 2,8 48,

0,090 63,4 3,32 x 10 -69,6 -6,2 45,

0,100 60,4 3,32 x 10 -69,6 -9,2 42,

0,110 57,8 3,32 x 10 -69,6 -11,8 39,

0,120 55,4 3,32 x 10 -69,6 -14,2 37,

0,130 53,2 3,32 x 10 -69,6 -16,4 35,

0,140 51,2 3,32 x 10 -69,6 -18,4 33,

0,150 49,4 3,32 x 10 -69,6 -20,2 31,
As the application of the «disturbance model in CISPR TR 16-4-4:2007,
CISPR TR 16-4-4:2007/AMD1:2017.and CISPR TR 16-4-4:2007/AMD2:2020 has already been
discuspged in detail in A.2.2, this’is not repeated here. The green and blue dots shpwn in
Figure|A.9 each represent a radio application in the frequency range 9 kHz to 150 kHz.
As lonlg as the service(can tolerate a higher disturbance field strength than produced [by the
produgt (green or blue) dot above the limit line) the application is protected against $uch a
scenatio. This is true-for most of the radio applications. The standard frequency and time|signal
servic¢ on 20 kHMz-is somewhat affected for loops of 1 m, which are very rare.
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Annex B
(informative)

Spectral density of non-intentional emissions (NIE)
in the frequency range 9 kHz to 150 kHz

B.1 Introduction of Integral Voltage Levels (IVL) for the limitation of the
spectral density of NIE

In addition to quasi-peak limits for the NIE amplitude, given for single 200 Hz frequency
windows, it is recommended to improve the electromagnetic compatibility between IN|E and
MCS in the frequency range 9 kHz to 150 kHz by limiting the spectral density of NIE.. A detailed
rationgle for this recommendation is given in Clause B.3.

For this purpose, the concept of IVL is introduced. Measurements for determining the IVL ghould
be pelfformed with an AV detector and a measurement bandwidth in band”A as specified in
Clausg 4 and Clause 7 of CISPR 16-1-1:2019.

The IVL should be calculated according to the following formula:

Af oo
stef zfstop U/iv (f)[\/]
200 Hz e (B.1)
IVL dB(pV)|=20/o \/
fstan'fstop I: (“ )} g 1 pV

where
VL, | [dB(pV)] IVL in the frequency range fgart — fsiop in dB(HV),
Un ([ V] Disturbance voltage in V, without conversion to dB, measured gt each

fregquency step with the AV detector according to Clause 4 and Clause
7)of CISPR 16-1-1:2019 and with a 200 Hz bandwidth,
Af,

step Frequency step size: this value shall be 100 Hz or lower in accofdance

with the requirements in CISPR 16-2-1:2014 and CISPR 16-2-
1:2014/AMD1:2017 to reduce measurement uncertainty for narrowband
signals. A frequency step size of 100 Hz is equivalent to g 50 %
overlapping of adjacent 200 Hz windows.

NOTE 1 The IVL was originally derived for the use of no-gap and non-overlapping 200 Hz windows. But according
to the CISPR 16-2-1:2014 and CISPR 16-2-1:2014/AMD1:2017 method at least a 50 % overlapping of adjacent

windows is necessary, due to the —6 dB selectivity of a CISPR 16-1-1:2019 RFI receiver. The ratio " Afstep /200 Hz"

gives a correction for this overlapping. This correction is valid for arbitrary step sizes. With the step size of 100 Hz
this correction is —3 dB. With a step size of 50 Hz (75 % overlapping), this correction would be —6 dB. The correction
accounts for the ratio of the total spectral power received with overlapping to the reference spectral power that would
have been received without overlapping.

The formula is meant to sum only the emissions that are present at the same time, so ideally
the values of U,y (f)[V] should be taken from the same scan.

NOTE 2 Fluctuating NIE could be problem for the calculation of IVL. For fluctuating NIE calculating the IVL from a
single scan in the most representative operating mode of the EUT gives the correct result. Calculating IVL from
repeated measurements on fluctuating NIE with a "max hold" function always gives a result, which is too high.
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NOTE 3 The calculation of the IVL is based on AV measurements, therefore it is independent from the comparison
of QP measurements with the normative limits.

NOTE 4 More information about the bandwidth can be found in CISPR 16-1-1:2019, Subclause 4.5 and Annex A.
The reference bandwidth of 200 Hz is equivalent to an effective power bandwidth of 166 Hz.

B.2 Recommended maximum IVL for NIE

In the following tables different maximum IVL, calculated according to Equation (B.1) are
recommended for general equipment and equipment covered by footnote 2 to Table 1.

Table B.1 — Recommended maximum Integral Voltage Levels

Frequency range (kHz) Recommended maximum IVL, AV-detectar
9 HHz to 30 kHz (fy, = 9,1 kHz; £, = 30 kHz) 123 dB(uV)
30 KHz to 50 kHz (fy,, = 30,1 kHz; f, = 50 kHz) 115 dB(pV)
50 HHz to 95 kHz (f ., = 50,1 kHz; fstop =95 kHz) 104 dB(uY)

NOTE| For general equipment, the evaluation of IVL above 95 kHz is not necessafry- because in this frequency
range fhe normative limits are already significantly lower than the MCE signal levels. The frequency range] below
50 kHZ was split into two sub-ranges with different IVLs because MCS operatior typically starts above 30 kHz.

Table B.2 - Recommended maximum Integral Voltage Levels
for equipment covered by foothote 2 to Table 1

Frequency range (kHz) Recommended maximum IVL, AV-detectqr
9 KHz to 50 kHz (f,, = 9,1 kHz; fstop = 50 kHz) 126 dB(uV)
50 kHz to 150 kHz (fy,, = 50,1 kHz; f, = 150 kHZ) 112 dB(uV)

NOTE| For equipment covered by footnote 2.to Table 1, higher IVLs have been defined for the same reaqon the
footnoje was introduced. See Clause A.1.

The recommended IVL in Table B.1 and Table B.2 are the result of measurements on numerous
pieces|of equipment as well'as long and intense discussions in the Joint Working Group JWG-6
betweé¢n CISPR SC/H-and IEC SC/77A and represent the best available compromise supfported
by all $takeholders:

NOTE |[The recommended maximum IVL values reported in Table B.1 and Table B.2 correspond to the [VL of a
hypothetical breadband disturbance spectrum where all U,,, (f)[V] points have a constant margin below the ngrmative

limits defined in" Clause 5, Table 1 in each frequency range identified in Table B.1 and Table B.2. Suchl margin

includeq the difference between measurements performed with QP and AV detectors, and an additional margin to
the normative limits which allows for a minimum Signal-to-Naise-Ratia for MCE signaling A higher margin hlas been

set for higher frequency ranges. Recommended maTximum IVL in Table B.1 are bgsed 0?1 highér marginuthan values
in Table B.2.

B.3 Rationale for the recommendation of additional limitations on the spectral
density of non-intentional emissions

B.3.1 Rationale

Following the publication of compatibility levels between 9 kHz and 150 kHz in
IEC 61000-2-2:2002, IEC 61000-2-2:2002/AMD1:2017 and IEC 61000-2-2:2002/AMD2:2018,
emission limits have been directly derived in this document, taking into account both cumulative
effect of equipment connected to the same public low-voltage public supply network and the
conversion from differential mode to unsymmetrical emissions according to CISPR 16
measurements methods.
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In addition and according to Annex D of IEC 61000-2-2:2002, IEC 61000-2-2:2002/AMD1:2017
and IEC 61000-2-2:2002/AMD2:2018, MCS performance depends not only on the amplitude of
disturbances but also on the shape and number of spectral lines. In receiving mode, MCE is
actually listening to a frequency range varying from a few kHz, for single-carrier technologies,
up to several tens of kHz, for multi-carrier technologies (the typical spectrum of a multi-carrier
MCE transmitter is shown in Figure B.1). Therefore, the signal-to-noise ratio experienced by
each MCE receiver depends not only on the noise, including emissions generated by NIE
sources, over the entire operating bandwidth, but also on the modulation scheme and the
selectivity of the MCE's input filter.

Yet, CISPR 16 standard series were developed with respect to the characteristics of radio
receivers, which frequency selectivity does not exceed 200 Hz in the 9 kHz to 150 kHz band.
By natpre, individual 200 Hz measurements cannot accurately assess the effect of distutbance
from NIE over a broader frequency band. Indeed, the sole definition of 200 Hz quasi-peak limits
would |not prevent a single NIE source to generate broadband noise with amplitudes repching
levels [up to the limit in each 200 Hz band, throughout the whole 9 kHz to 150_kHz frequency
band. [The aggregated NIE voltage, seen by the MCE in receiving mode, would then lead to a
negatiye signal-to-noise ratio impairing MCE performance.

For this reason, in order to better reflect the noise level typically captured by MCE, tHe new
concept of "Integral Voltage Levels" is introduced. This congept aims at assessing the
broadhjand noise arising from the NIE in addition to the normative‘emission limits defined|in this
document.
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Figure B.1 — Example of a multi-carrier MCE spectrum

B.3.2 Relationship between MCE performances and Integral Voltage Levels
B.3.2.1 General test setup

MCE communication performance depends on its physical layer design (modulation type, error
correction codes, input filter, etc.) and on the signal-to-noise ratio experienced by MCE in
receiving mode. The signal-to-noise ratio measured at MCE in receiving mode is both affected
by the propagation of the signal over the powerline, as attenuation is added to the original signal
generated by MCE in transmitting mode, and the aggregation of NIE voltages over its operating
bandwidth.
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