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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-39: Testing and measurement techniques —
Radiated fields in close proximity —
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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization con
national electrotechnical committees (IEC National Committees). The object of 1EC is to g
Fnational co-operation on all questions concerning standardization in the electrical and electronic fie
end and in addition to other activities, IEC publishes International Standards,(Technical Specifi

lication(s)”). Their preparation is entrusted to technical committees; any IEC,National Committee int
he subject dealt with may participate in this preparatory work. International, governmental an
brnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates
the International Organization for Standardization (ISO) in accordance with conditions determ
bement between the two organizations.

formal decisions or agreements of IEC on technical matters express, as nearly as possible, an inter
sensus of opinion on the relevant subjects since each technical committee has representation f
rested IEC National Committees.

Publications have the form of recommendations for intétnational use and are accepted by IEC N
hmittees in that sense. While all reasonable efforts are;’made to ensure that the technical content
lications is accurate, IEC cannot be held responsible for the way in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IEC"National Committees undertake to apply IEC Publ
sparently to the maximum extent possiblelin their national and regional publications. Any divg
veen any |[EC Publication and the corresponding national or regional publication shall be clearly indi
atter.

itself does not provide any attestation of conformity. Independent certification bodies provide cor
pssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
ices carried out by independent.eertification bodies.

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

iability shall attach to<lE€ or its directors, employees, servants or agents including individual exps
hbers of its technical Committees and IEC National Committees for any personal injury, property dan
r damage of any hatlure whatsoever, whether direct or indirect, or for costs (including legal feg
bnses arising out 'of the publication, use of, or reliance upon, this IEC Publication or any oth
lications.

ntion is dfawn to the Normative references cited in this publication. Use of the referenced publica
Epensable for the correct application of this publication.

ntion\is' drawn to the possibility that some of the elements of this IEC Publication may be the su
nf\ights. IEC shall not be held responsible for identifying any or all such patent rights.

prising
romote
Ids. To
ations,

hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to gs “IEC

erested
d non-
closely
ned by

ational
rom all

ational
of IEC
or any

cations
rgence
ated in

formity

for any

rts and
hage or
s) and
er IEC

tions is

bject of

International Standard IEC 61000-4-39 has been prepared by subcommittee 77B: High
frequency phenomena, of IEC technical committee 77: Electromagnetic compatibility.

It forms Part 4-39 of the IEC 61000 series. It has the status of a basic EMC publication in
accordance with IEC Guide 107.

The text of this standard is based on the following documents:

FDIS Report on voting
77B/769/FDIS 77B/772/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

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

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch” in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this_publication indi¢ates
that [it contains colours which are considered to be useful for the cdrrect
understanding of its contents. Users should therefore print\this document using a
colour printer.
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INTRODUCTION

1000 is published in separate parts according to the following structure:

Part 1: General

General considerations (introduction, fundamental principles)

Definitions, terminology

Part 2: Environment

Ddscription of the environment

Cl

hssification of the environment

Cgmpatibility levels

Part J: Limits

Emission limits

Im
co

munity limits (in so far as they do not fall under the regponsibility of the p
mmittees)

Part 4: Testing and measurement techniques

Mgasurement techniques

Testing techniques

Part §: Installation and mitigation guidelines

Ingtallation guidelines

Mi

figation methods and devices

Part §: Generic standards

Part 9: Miscellaneous

Each
or as
as se

part is further subdivided into several parts, published either as international starn
echnical specifications or technical reports, some of which have already been pub
ctions. Others will be published with the part number followed by a dash and a s

number identifying-the subdivision (example: IEC 61000-6-1).

Partidqular considerations for IEC 61000-4-39

roduct

dards
lished
econd

This partvof IEC 61000 is an international standard which gives immunity requiremen{
test procedures related to radiated disturbances caused by radio-frequency fields from
devices used in close proximity.

s and

It is impossible to ignore that the everyday electromagnetic environment has greatly changed.
Not long ago, handheld, frequency-modulated (FM) transceivers for business, public safety,
and amateur radio communications represented the predominant RF applications. Distribution
was limited (for example, by licenses) and in most cases the radiating antennas were outside
buildings to get a high efficiency. The situation changed once technology allowed the
manufacturing of compact wireless phones with low weight and a reasonable price. Wireless
services (DECT, mobile phones, UMTS/WiFi/WiMAX/ Bluetooth®1, baby monitors, etc.) have

1 Bluetooth is the trade name of a product supplied by Bluetooth SIG This information is given for the
convenience of users of this document and does not constitute an endorsement by IEC of this product.
Equivalent products may be used if they can be shown to lead to the same results.
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come into widespread use and acceptance. Recognizing the fact that equipment for these new
technologies could have the antenna inside the building and even inside the device housing
and be omnipresent in nearly any setting including at work, in the home and in public
transportation creates new situations for exposure of equipment to RF energy.

With the new digital technologies, the traditional modulation methods of AM and FM has given
way to digital modulations with a variety of different amplitude and bandwidth characteristics.
While overall time-averaged transmit power levels might have generally decreased over time
due to improved network density and migration of services, the maximum possible (peak
pulse) power levels in other bands have increased significantly. Moreover, the incorporation
of multiple transmlttlng antennas (to support for example WiFi and Bluetooth links), evolving
form ise of
wirelegs headsets have resulted in a more complex and diverse pattern of use and eXppsure.
Incregsed portability of transmitting devices has also drastically reduced thecsepdgration
distanice between sources of radiated RF energy and equipment likely to be disturbed Qy that
energy.

It should be expected that the wireless technology revolution will continue to evolve with new
applicptions using increasingly higher microwave frequencies.

Immunity testing according to existing standards, such as IEC 61000-4-3, 61000-4-20, §1000-
4-21 and 61000-4-22, may not be suitable to assess compatibility with the complex e]ectric
and mlagnetic fields generated by RF emitters located in close proximity (for example, wjthin a
few centimetres) of the surface of electronic equipment. The power levels required fpr the
highel disturbance intensities associated with such very-small separation distances may|make
applicption of some of the existing test standards quite challenging or cost prohibitive.

New [technologies use also magnetic fields. “The fields are inhomogeneous and vary
appretiably in both magnitude and direction~Gver a region of space. Typically they clan be
generpted by motors, power transformers, switching power supplies, higher-powered
electrpnic article surveillance (EAS) gates or transmitters of radio-frequency identification
(RFID)) systems, inductive charging systems and near field communication (NFC) dgvices.
The fields from such sources decrease rapidly as the distance from the source increasesy.

Becayse these new technolegies use a very large range of the frequency spectrum it is
necespary to use different test methods which consider the physical behavior of m;Tgnetic

coupling in the lower frequéency range and the more electrical based characteristic jn the
highef frequency range. Additionally, the widely diverging physical and elegtrical
characteristics of equipment types that may be affected by portable transmitters in|close
proxinmity, as well._as-the applications for which such equipment is used, indicate a need for
multipje test methods.

nge 9
. [In the
: g been
argued that especrally in the frequency range above 380 MHz the specrfled test methods do
not take into consideration the possible variations in field impedance from real life close
proximity transmitters, which may represent sources having field impedances far below the far
field impedance of 377 Q (predominantly magnetic field sources) and far above 377 Q
(predominantly electrical field sources). In the frequency range above 380 MHz the signal
wavelength is such that the reactive nearfield from the source begins at only a few
centimeters from the source (around approximately 0,1 1). At this distance the field
impedance approximates more and more to the far field impedance of 377 Q. The TEM horn
antenna represents a field source which is not far from 377 Q.
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Activities are ongoing to identify antenna types that can be characterised by field impedance
and radiation pattern over a specified illumination window size, which for the ease of testing
should be as large as possible and should preferably cover a large frequency range. Antenna
types that are not covered by manufacturer’s intellectual property rights, and which can be
unambiguously characterised by for instance near field scanning or numerical model
characterisation, are preferred for the present basic standard.
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-39: Testing and measurement techniques —
Radiated fields in close proximity —
Immunity test

1 Scope

This

equipment when it is exposed to radiated electromagnetic energy from RF transmiiterg
in cloge proximity. It establishes test levels and the required test procedures. (Fhe appl
frequgncy range is 9 kHz to 6 GHz. Fixed-installation equipment being exposéd to pd

trans
equip

The o
requir
electr
IEC 6

art of IEC 61000 specifies immunity requirements for electrical and_leleq

tronic

used
icable
rtable

itting devices, mobile equipment exposed to fixed transmitting dewvices and mobile

ent exposed to other mobile transmitting devices are considered.

bject of this document is to establish a common reference for evaluating the im
bments of electrical and electronic equipment that ,i§ jexposed to radiate
pbmagnetic fields from sources at close distances. It «is_ understood that this p
000 does not replace general immunity requirements of electrical and eleg

unity
, RF
art of
tronic

equipfent to radiated electromagnetic energy as given/intEC 61000-4-3 and other parts of

IEC 6

sources in close proximity.

In the|
betwe

The t
asses
respe

and then if necessary select the applicable test method depending on the EUT, freq

range

NOTE

As alsd stated in Guide 107, the IEC product committees are responsible for determining whether this in
test stgndard should . bevapplied or not, and if applied, they are responsible for determining the appropri
levels gnd performance criteria. TC 77 and its sub-committees are prepared to co-operate with product com
in the gvaluation©fithe value of particular immunity tests for their products.

This document deals with immunity tests related to RF magnetic and electromagnetic
from gny.;source used in close proximity to other electrical or electronic equipment or sy{

000 and that it is only applicable if an equipmentyor system is exposed to distur

context of this document, “close proximity” generally refers to a separation dig

st methods documented in this' part of IEC 61000 describe consistent methg
5 the immunity of an equipmient or system against a defined phenomenon
Ctive frequency range. Praoduct committees would consider the applicability of t
disturbance source, etc:

As described in IEC.Guide 107, this is a basic EMC publication for use by product committees of t

bance

tance

en the source and victim equipment of less than or equal to 200 mm for frequé¢ncies
greatgr than 26 MHz and 500 mm for frequencies lower than 26 MHz.

ds to
n the
e test
uency

he |IEC.
munity
hte test
mittees

fields
tems.

This document is an independent test method. Other test methods should not be used as

substi

2 N

tutes for claiming compliance with this document.

ormative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 60050-161, International Electrotechnical Vocabulary (IEV) — Part 161: Electromagnetic
compatibility (available at www.electropedia.org)
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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 60050-161 and the
following apply.

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

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

e ISP Online browsing platform: available at http://www.iso.org/obp

NOTE [Where the terms “voltage” and “current” are used in this document, they mean the r.m.s\valuep of an
alternafing or direct voltage or current unless stated otherwise.

3.11
electfomagnetic compatibility
EMC
ability| of equipment to function satisfactorily in its electromagnetic environment without
introdicing intolerable electromagnetic disturbances to anything in that environment

[SOURCE: IEC 60050-161:1990, 161-01-07]

3.1.2
electnromagnetic disturbance
any electromagnetic phenomenon which can degrade the performance of a device, equipment
or sysfiem or adversely affect living or inert matter,

Note 1 fo entry: An electromagnetic disturbance can be electromagnetic noise, an unwanted signal or a chpnge in
the propagation medium itself.

[SOURCE: IEC 60050-161:1990, 161-01-05]

3.1.3
(electromagnetic) emission
phengmenon by which electromagnetic energy emanates from a source

[SOURCE: IEC 60050-+61:1990, 161-01-08]

314
electfomagnetic environment
totality of glectromagnetic phenomena existing at a given location

Note 1 to nnh‘y: Lo g nnnnn I7 tho nlnn&rnmngnnﬁn oendronmaon. + ic tima rlnpnnrlnn} and itc rlner\rip“r\n may need a
statistical approach.

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

3.1.5

far field

that region of the electromagnetic field of an antenna wherein the predominant components of
the field are those which represent a propagation of energy and wherein the angular field
distribution is essentially independent of the distance from the antenna

Note 1 to entry: In the far field region, all the components of the electromagnetic field decrease in inverse
proportion to the distance from the antenna.

Note 2 to entry: For a broadside antenna having a maximum overall dimension D which ig large compared to the
wavelength 4, the far field region is commonly taken to exist at distances greater than 2D“/Z, from the antenna in
the direction of maximum radiation.
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[SOURCE: IEC 60050-712:1992, 712-02-02, modified — the word "region" has been removed

from the term.]

3.1.6
field strength
electric or magnetic component of the field

Note 1 to entry: Field strength may be expressed as V/m or A/m.

Note 2 to entry: For measurements made in the near field, the term "electric field strength" or "magnetic field

strength” is used according to whether the resultant electric or magnetic field, respectively, is measured.
field region, the relationship between the electric and magnetic field strength and distance is complex and

In this
difficult

tO pl’e ibi., Il.)t:ill&j UIU}JSIIUIUIIE. OTl i.iIU bpcb;ﬁb bUIII’iguIdL;UII iIIVUiVUUI. illdblllubil as Ii. ;b LLL®AY QUIIUId“y rUd
determine the time and space phase relationship of the various components of the complex field, the ‘po
density|of the field is similarly indeterminate.

3.1.7
immuhpity (to a disturbance)
ability| of a device, equipment or system to perform without degradation in the presence
electrpmagnetic disturbance

[SOURCE: IEC 60050-161:1990, 161-01-20]

3.1.8
immuhity test level

the leyel of a test signal used to simulate an electromaghetic disturbance when perform
immunity test

[SOURCE: IEC 60050-161:1990, 161-04-41]

3.1.9
react:lve near field (region)
near field

that rggion of space immediately surrounding an antenna, where the predominant compd
of thg electromagnetic field areithose which represent an exchange of reactive ¢
between the antenna and the surrounding medium

[SOURCE: IEC 60050-712:1992, 712-02-01, modified — in the term, "induction field (re
has bg¢en replaced by near field".]

3.1.1
polarisation
orientation of.the electric field vector of a radiated field

sible to
er flux

of an

ng an

nents
nergy

gion)"

TICy

frequency in the portion of the electromagnetic spectrum that is between the audio-freq
portion and the infrared portion and that is useful for radio transmission

3.2 Abbreviated terms

For the purposes of this document, the following abbreviated terms apply.

CDMA Code division multiple access

DECT Digital Enhanced Cordless Telecommunication
EAS Electronic article surveillance

EUT Equipment under test

FRS Family radio service

uency
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GMRS General mobile radio service

GSM Global system for mobile communication
iDEN integrated digital enhanced network

LTE Long term evolution

NFC Near field communication

RFID Radio-frequency identification

TEM transverse electromagnetic

TETRA Trans-European trunked radio

UMTO UII;VCIOG: InVAIUb;:U TU:UUUIII Syotclll

VSWH Voltage standing wave ratio

WiMAK Worldwide interoperability for microwave access
WLAN Wireless local area network

4 General

Immunity of EUTs to disturbances from RF transmitters can be tested using several dif
methqgds, including those described in IEC 61000-4-3, IEC 61000-4-20, IEC 61000
IEC 61000-4-22 and this part of IEC 61000, as shown in Figufe 1. This part of IEC
desc:t)es test methods unique to the situation in which~the transmitter is used in
proxi

context, “close proximity” generally refers to separatiofidistances between the transmitt
the equipment of 200 mm or less for RF fields (frequencies greater than 26 MHz) and 5(
for mpgnetic fields (frequencies lower than 26.°*MHz). Fixed-installation equipment
exposed to portable transmitting devices, maobile equipment exposed to fixed transn
devicgs and mobile equipment exposed to other mobile transmitting devices are conside

ity to the EUT and the case of inhomogeneous magnetic fields (see Figure 2).

RF test methods

s S

Reverberation TEM horn antenna
chamber, IEC 61000-4-39
IEC 61000-4-21

Semi-anechoic
chamber or fully
anechoic room TEM waveguides
IEC 61000-4-3 IEC 61000-4-20
IEC 61000-4-22

IEC

ferent
-4-21,
51000
close
n this
br and
0 mm
being
hitting
red.

Figure 1 — Overview showing the test methods that could be used for evaluating

equipment immunity to disturbances from RF transmitters
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IEC 61000-4-39 test methods

Inhomogeneous Radiated RF fields Radiated RF fields
magnetic fields (26 MHz to 380 MHz) (380 MHz to 6 GHz)
I I
120 mm loop 100 mm loop Under TEM horn
9 kHz to 150 kHz 150 kHz to 26 MHz consideration antenna

Figure 2 — Close-proximity test methods addressed in this document

5 Test levels

5.1 General

The glectromagnetic disturbances considered in_.this document are limited to contihuous
narrowband signals (which may be pulse- or amplitude-modulated by up to 1 kHz) but do not
include disturbance signals that are basically transient or impulsive in nature (as, for insfance,
electrpmagnetic pulse). The frequencies or)frequency bands to be selected for testing are
limiteq to those where intentional RF emitting devices actually operate.

The test level applied during testing should be selected in accordance with the expected
maximum output power of the transmitting device and the likely, or specified, sepdration
distanice between its transmitting antenna and the equipment subject to the disturpance
creatdd by the transmitting deviee. Additional information can be found in Annex B.

5.2 |Test frequencies

It is mot intended, that the test be applied continuously over the entire frequency |range
coveréd by this .document. Rather, the frequency ranges to be tested shall be defindd (for
example by theproduct committees) according to those frequencies where interferencg from
intentional transmitters in close proximity is expected to occur.

The applied test signal shall be stepped within each frequency range, according the following
conditions:

a) Frequency stepping is defined using linear steps in the frequency range below 26 MHz
(see Table 5 in 8.5.3).

b) Above 26 MHz the frequency steps are defined as 1 % of actual frequency, unless testing
is performed in specific radio transmission bands.

c) Additionally testing at spot frequencies may be performed at any frequency/frequencies of
interest.

d) If the testing is performed in a specific radio transmission band, the starting point for the
frequency steps is chosen as the center frequency of the selected range. Testing is then
performed at the step frequencies higher than the center frequency using step sizes of 1 %
of the actual frequency. Testing is also performed at frequencies lower than the center
frequency using step sizes of -1 % of actual frequency.
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It is recommended to analyse potentially sensitive frequencies (for example clock frequencies)
separately, provided that these frequencies are within the frequency range to be tested.

5.3 Test levels in the frequency range of 9 kHz to 150 kHz

Test levels for inhomogeneous magnetic fields in the frequency range of 9 kHz to 150 kHz are
given in Table 1.

Table 1 — Test levels for inhomogeneous magnetic fields, 9 kHz to 150 kHz

Level Test field strength
A/m

1 1

2 3

3 10

4 30

X Special
NOTE X is an open test level and the associated field stréngth can
be any value. This level can be given in the product standard.

The tgst levels given in Table 1 are the amplitudes of the’ unmodulated carrier signal fof level
settin}. For testing of equipment, this carrier signal is780' % amplitude modulated with a|1 kHz

sinewgve to simulate actual disturbance sources (see Figure 3 and Clause B.2). Detgils of
how the test is performed are given in Clause 8.

NOTE |Product committees can select alternative modulation schemes for equipment under test.

3
I}/maximum rms
A
2 R
Vrms
i z
Vims 1 \] f
N N m
0 M UVW
- -1
Y
-2 -2
/
-3 -3
IEC IEC
a) Unmodulated RF signal b) Modulated RF signal 80% AM
Vp_p= 2,82V Vp_p =5,09V
Vims = 1,00 V Vims = 1,15V

=1,80V

Vmaximum rms

Figure 3 — Definition of the 80 % amplitude-modulated (AM) test level and the
waveshapes occurring at the output of the signal generator
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5.4 Test levels in the frequency range of 150 kHz to 26 MHz

Test levels for inhomogeneous fields in the frequency range of 150 kHz to 26 MHz are given

in Table 2.

Table 2 — Test levels for inhomogeneous magnetic fields, 150 kHz to 26 MHz

Level Test field strength
A/m

1 0,1

2 03

3 1

4 3

X Special
NOTE X is an open test level and the associated field strength can
be any value. This level can be given in the product standard.

NOTE |[The test levels in Table 2 differ from Table 1 since they are based on the types of equipment and s

that crdate disturbances in the two different frequency ranges.

ervices

Annex B is intended to provide guidance on the selectiof)of test levels (see also the last

paragfaph of 5.1).

The tgst levels given in Table 2 are the amplitudes of the unmodulated carrier signal fo
setting. For testing of equipment this carrier signal’ is modulated using pulse modulatio
Figurg 4 and Clause B.2). The pulse modulatien“shall adhere to the following parameters:

e duty cycle: 50 %
e madulation frequency: 2 Hz or 1 kHz

e onfoff ratio: 20 dB minimum

The modulation frequency shall*be selected by product committees, as appropriate. Det

how the test is performed are given in Clause 8.

5.5 |Test levels in/the'frequency range of 26 MHz to 380 MHz

Test |evels for~RF fields in the frequency range of 26 MHz to 380 MHz are

consideration;

5.6 |Testlevels in the frequency range of 380 MHz to 6 GHz

" level
N (see

ails of

under

Test levels for RF fields in the frequency range of 380 MHz to 6 GHz are given in Table
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Table 3 — Test levels for RF fields from transmitters used
in close proximity, 380 MHz to 6 GHz

Level Test field strength
V/im

1 10

2 30

3 100

4 300

X Special
NOTE X is an open test level and the associated forward power can
be any value. This level can be given in the product standard.

The tgst levels given in Table 3 are the amplitudes of the unmodulated carrier signal fof level
setting. For testing of equipment this carrier signal is modulated using(pitfse modulatiop (see
Figurg 4). The pulse modulation shall adhere to the following parameters:
e duty cycle: 50 %

e madulation frequency: 2 Hz, 217 Hz or 1 kHz

e onfoff ratio: 20 dB minimum

The modulation frequency shall be selected by product committees, as appropriate.

]7
A
2 £
£ £
e N =~
:;D_
_ Y
-
Y
-2
IEC IEC
a) Unmodulated RF signal b) Pulse modulated RF signal
Voop = 2,82V Voop = 2,82V
Vims = 1,00V Vims = 0,71V

Figure 4 — Example of the pulse-modulated (50 % duty cycle, 217 Hz) test level and the
waveshapes occurring at the output of the signal generator

This document does not suggest that a single test level is applicable over the entire frequency
range. Product committees shall select the appropriate test level for each frequency range
needed for testing.
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6 Test equipment

6.1

6.1.1

Magnetic field immunity

General

The test equipment shall consist of the following:

e signal generator with internal or external modulation capability;

e po
o fie

. mellgnetic field sensor loop, (6.1.2.3 or 6.1.3.2);

e VO

e cCu
6.1.2
6.1.2.
The c

o di

e Nu

e Wi

The rgdiating loop of MIL-STD-461G:2015 (test RS101), is recommended.

The u

Formdla (1):

where

H is fhe magnetic field strength (A/m);

1 is the current (A).

The radiating loop_shall be characterized over the frequency range, if no correction fa
availaple from<{/the manufacturer of the coil (see 8.5.1). The frequency depg
charagteristics_of the magnetic field sensor shall be considered in determining the calc

current value for the equipment test.

6.1.2.

ameter: (120 £ 10) mm

wer amplifier (capable of driving an inductive load);
Id generating device: radiating loop, (6.1.2.1 or 6.1.3.1)

tmeter;
Frent probe (6.1.2.2).

Magnetic field immunity 9 kHz to 150 kHz
L Field generating device — Radiating loop

pil shall have the following characteristics:

Imber of turns: 20

e diameter: approximately 2,0 mm (AWG12)

hperturbed magnetic field at a distance~of 50 mm from the plane of the loop is gi

H=75,6x1(A/m) (which'equals 9,5:10" pT/A, as stated in test RS101)

en by

(1)

ctor is

ndent
ilated

If the magnetic field strength is verified by current measurement, the current probe shall
ensure that true r.m.s. current measurement is made within the frequency range 9 kHz to
150 kHz, either by using a clamp-on probe or by measuring voltage across a series resistor.
An oscilloscope, a true r.m.s. AC voltmeter or a true r.m.s. AC current meter may be used.

6.1.2.3 Magnetic field sensor loop

If the

magnetic field is verified by sensor loop, it should be specified as follows:

e diameter: (40 £ 2) mm (however any magnetic field sensor having a diameter of less than
40 mm may be used)

e Nu

mber of turns: 51

e wire diameter: approximately 0,07 mm (for example, 7 strand 41 AWG)
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o shielding: electrostatic

e conversion factor: see manufacturer’s data for the factor to convert the sensor coil voltage
to magnetic intensity

An open-circuit voltage U in the sensor loop is measured in volts by means of a high-
impedance voltmeter.

6.1.3 Magnetic field immunity 150 kHz to 26 MHz

6.1.3.1 Field generating device — Radiating loop

Th H | oo b faolloainco baoractariats -
€ CepSshamrrnavetthe roOTmowWwhTy CIimarattcTToStuo Sy

o di

e number of turns: 3

ameter: (100 £ 10) mm

e wife diameter: approximately 1,0 mm

The rnadiating loop should be characterized over the frequency range (see 8.5.2). The
frequgncy dependent characteristics of the magnetic field sensor ‘'shall be considefed in
determining the calculated current value for the equipment test.

6.1.3.2 Magnetic field sensor loop

A suitable magnetic field intensity monitor for this drequency range has the following
specifjcations:

o digmeter: (40 £ 2) mm (however any magnetic field sensor having a diameter of les$ than
40[mm may be used)

e number of turns: 1
e wife diameter: approximately 0,5 mm
e shjelding: electrostatic

e cofrection factor: see manufacturer’s data for the factor to convert the sensor coil vpltage
to [magnetic intensity (correction factor)

6.2 |Radiated RF field immunity
6.2.1 Field generating devices, 26 MHz to 380 MHz

Subclause 6.2.1_iS:under consideration.

6.2.2 Field.-generating devices, 380 MHz to 6 GHz

6.2.2.1 TEM horn antenna

A TEM horn antenna shall be used for a close proximity immunity test over the frequency
range 380 MHz to 6 GHz. An example of TEM horn antenna characteristics is shown in
Annex A.

When using a TEM horn antenna, the entire frequency range may be covered by one or more
antennas.
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6.2.2.2 Test equipment
The test equipment shall consist of the following items:

— Signal source with internal or external modulation capability.

— Power amplifier(s) to amplify signals (unmodulated and modulated) and drive the TEM
horn antenna up to the necessary test level (power amplifiers capable of operating in a
50 Q system and unconditionally stable under any load conditions). The harmonics

generated by the power amplifier, up to the third harmonic, shall be at least 6 dB

that of the fundamental frequency measured at the output of the power amplifier.

below
Data

from the manufacturer of the power amplifier(s) is acceptable for demonstrating

compliance with this specification

— Directional coupler.
— Pqgwer meter (or an equivalent measuring instrument) to measure the forward power.

— Figld-generating TEM horn antenna(s) as described in Annex A.

— Spacer or other means to keep the TEM horn antenna reference point at specified

digtance from the EUT (see test procedure). A material with low dielectric constan
permittivity, ., of approximately 1), such as rigid polystyrene, shouldbe considered.

— Equipment or test facility for protection of radio services and/or of test personn
expmple, semi-anechoic chamber).

— Afield strength probe. See also Annex A.
7 Test setup

7.1 Magnetic field immunity
711 Test facility

The tgst area should be of a suitable size>to house all of the required test equipment ang
be free from disturbances that could affect the test results. The radiating loop should
least | m away from any metal surfaces (generator, amplifier, simulator, auxiliary equig
etc., gxcept the EUT and the floox).

ING: The appropriate ‘guidelines (for example national regulations, recommend
IRP, etc.) shall be followed for the protection of the test personnel.

Arrangement’of equipment under test

The epuipmentunder test should be positioned as in normal use (table top or floor sta
on a rjon-conductive, low-permeability support and configured as specified in 8.4. Cable
be attpched Mo the equipment and arranged on the test site according to the manufac

t (low

=}
-

(for

shall
be at
ment,

ations

hding)
5 shall
urer’s
The

instrugtions” and shall replicate typical installations and use as much as possiblel

manu
the equipment is not specified, unshielded parallel conductors shall be used.

from

Grounding of housing or case of the equipment shall be consistent with the manufacturer's installation
recommendations. If earthed and unearthed configurations are supported, both shall be tested.

Table-top, portable and wall-mounted EUTs shall be placed on a support having a hei
(0,80 + 0,05) m.

ght of

For floor standing equipment it is acceptable to test vertical surfaces down to a distance of

(100 £ 50) mm above the floor (see Figures 5 and 6).
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Dimensions in millimetres

[Te]

+

[N B e e .
OI Loop center axis
2

1
1
1]
______________________ L
1
1
| Non-conducting, non-magnetic support

Laboratory floor

100 +50

IEC

NOTE |The lowest test position of the 100 mm x 100 mm windows is shown, side \iew.

Higure 5 — Example of equipment testing on floor-standing EUT using radiating
loop antenna - Frequency range 9 kHz to 150 kHz
(100 mm x 100 mm window size)

Dimensions in milfmetres

Loop center axis

+
| Non-conducting, non-magnetic support

Laboratory floor IEC

100 +50

NOTE |The'lowest test position of the 80 mm x 80 mm windows is shown, side view.

Figure 6 — Example of equipment testing on floor-standing EUT using
radiating loop antenna — Frequency range
150 kHz to 26 MHz (80 mm x 80 mm window size)

Floor-standing EUTs should be placed on a support having a height of (100 £ 50) mm. Non-
conductive, low-permeability rollers may be used as the (100 + 50) mm high support.
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7.1.3 Test method using radiating loop

The test configuration should be as shown in Figure 9 (8.5.3). Each face subject to
illumination by magnetic fields in the normal use position of the equipment shall be partitioned
into equal areas for the test as specified in Table 4. Deviation for the tolerance on the test
distance (i.e., greater than 3 mm tolerance) is allowed in cases where the 3 mm tolerance
cannot be maintained easily due to details of a particular EUT or test setup (for example, EUT
surfaces that are not flat). Any such deviations shall be documented in the test report.

Table 4 — Definition of window size and test distance

Er Maxi ind - Test dist d
mm mm

9 kHz to 150 kHz 100 x 100 50+ 3

(120 mm loop antenna)

150 kHz to 26 MHz 80 x 80 50+ 3

(100 mm loop antenna)

The radiating loop shall be positioned at the specified distance (d)from the centre of egach of
these [areas and parallel to the face of the EUT.

7.2 |Radiated RF field immunity
7.21 Test facility

Because of the magnitude of the field strengths.generated, the tests shall be made¢ in a
shielded enclosure to comply with various fational and international laws prohjbiting
interfgrence to radio communications. In addition, since most test equipment used to ¢ollect
data i sensitive to the local ambient electromagnetic field generated during the execufion of
the immunity test, the shielded enclosure provides the necessary "barrier" between tht EUT
and the required test instrumentation. Gare shall be taken to ensure that any interconngcting
wiring| penetrating the shielded enclosure adequately attenuates the conducted and rafiated
emiss|on and preserves the integrity~of the EUT signal and power responses.

The test facility typically consjists of an absorber-lined shielded enclosure large enoygh to
acconmmodate the EUT whilst allowing adequate control over the field strengths.

The tgst area should(beof a suitable size to house all of the required test equipment and shall
be frep from disturbances that could affect the test results. To minimize the effect of thgq walls
and ceiling, the{minimum distance between the surfaces of the EUT and walls and ceiling of
test fqcility shall be greater than 0,8 m.

All tegt €quipment, except for the TEM horn antenna, shall be at least 0,8 m away frgm the
EUT.

7.2.2 Arrangement of equipment under test

The EUT shall be tested in a configuration that is representative of the most critical
applications or operation of the EUT as determined, for example, by using pretesting,
engineering analysis or risk analysis.

Cables shall be attached to the equipment and arranged on the test site according to the
manufacturer’s instructions and shall replicate typical installations and use as much as
possible. The manufacturer’s specified cable types and connectors shall be used. If the wiring
to and from the equipment is not specified, unshielded parallel conductors shall be used.
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Grounding of housing or case of the equipment shall be consistent with the manufacturer's
installation recommendations. If earthed and unearthed configurations are supported, both
shall be tested.

Table-top, portable and wall-mounted EUTs shall be placed on a nonconductive support of
(0,80 + 0,05) m in height.

Floor-standing EUTs should be placed on a nonconductive support of (100 £ 50) mm in height
(see Figure 7.) Non-conductive rollers may be used as the (100 + 50) mm high support.

The antenna is placed in a position (100 + 5) mm from the exposed face of the EUT. With
EUT r}jurfaces that are not flat, adjust the test distance in each window so that the dlosest

point pf the EUT within that window is (100 £ 5) mm from antenna. Any deviations.shall be
docunpented in the test report.

Dimenisions in milfmetres

Te]

+

3

™ TEM horn antenna

0 EUT

H | e L _ o

o

= TEM hofn'\center axis

Non-egenducting, non-magnetic support

o
[Te]
+
o
o
s

Laboratory floor IEC

NOTE |[As an example for 300 mm x 300 mnr windows, the lowest test position is shown, side view.
Figure 7 — Principle of equipment testing on floor-standing EUT
using TEM horn antenna

8 Test procedure

8.1 General

Testing shalkbe performed according to a test plan. Monitor the response of the EUT fof each
test frequency of each applied disturbance. Assess compliance with the performance driteria
specified--the-test-plan-

8.2 Climatic conditions

Unless otherwise specified by the committee responsible for the generic or product standard,
the climatic conditions in the laboratory shall be within any limits specified for the operation of
the EUT and the test equipment by their respective manufacturers.

Tests shall not be performed if the relative humidity is so high as to cause condensation on
the EUT or the test equipment.

Where it is considered that there is sufficient evidence to demonstrate that the effects of the
phenomenon covered by this document are influenced by climatic conditions, this should be
brought to the attention of the committee responsible for this document.
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8.3 Electromagnetic conditions

The electromagnetic conditions of the laboratory shall be such as to guarantee the correct
operation of the EUT in order not to influence the test results.

8.4 Arrangement and operating modes of the EUT

All testing of equipment shall be performed in a configuration as close as possible to actual
installation conditions. Wiring shall be consistent with the manufacturer's recommended
procedures, and the equipment shall be in its housing with all covers and access panels in
place, unless otherwise stated.

The operating conditions of the EUT during testing shall be according to typical and intended
use of the equipment considering the most sensitive modes of operation.

8.5 [Magnetic field immunity
8.5.1 Level setting procedure 9 kHz to 150 kHz
The pfocedure for setting the test level is as follows:

a) Wijthout having any EUT closer than 2 m from the radiating)loop antenna, positign the
magnetic field sensor loop described in 6.1.2.3 on the céetter axis of the radiating loop
antenna and at a distance of (50 = 3) mm. The distancelis measured from the centgr part
of|the radiating loop winding to the center of the magnefic field loop sensor winding.

b) Cgnnect the output from the magnetic field sensorJoop to the high-impedance volimeter
(see Figure 8).

c) Sat the frequency of the signal generator to ‘the lowest frequency in the range of the test
(fqr example 9 kHz).

d) N@¢ modulation signal shall be applied.

e) Adjust the current to the radiating leop to the calculated level corresponding to the test
leyel (10 A/m r.m.s. correspondsto a loop current of 0,132 Ar.m.s.)

f) Read the voltage induced on the magnetic field sensor loop.

g) Cgdlculate the measured field strength by applying the conversion factor of the magnetic
fidld sensor loop to the voltage at the actual frequency. The measured field strength shall
ngt deviate from thesspecified test level by more than 10 %. If the deviation is larger, the
tes$t setup and calibration factors shall be checked again and corrected.

h) Ingrease the frequency by a step size not larger than specified in Table 5.

i) Repeat steps™d) to h) until the next frequency in the sequence would exceed the hjghest
frequencylin’ the range of the test. Finally, repeat steps d) to h) at this highest frequency
(fqr example 150 kHz).

i) Atjthehighest frequency, switch on the modulation of the test signal, and verify the qorrect
modulation of the test signal (see Figure 3).

8.5.2 Level setting procedure 150 kHz to 26 MHz
The procedure for setting the test level is as follows:

a) Without having any EUT closer than 2 m from the radiating loop antenna, position the
magnetic field sensor loop described in 6.1.2.3 on the center axis of the radiating loop
antenna and at a distance of (50 £ 3) mm. The distance is measured from the center part
of the radiating loop winding to the center of the magnetic field loop sensor winding.

b) Connect the radiating loop to the signal generator/amplifier and the output of the magnetic
field sensor loop to a measurement receiver.

c) Set the frequency of the signal generator to the lowest frequency in the range of the test
(for example 150 kHz). No modulation signal shall be applied for the level setting process.
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d) Adjust and record the required forward power (into the radiating loop) to achieve the
desired test level (which is measured by the magnetic field sensor loop and a
measurement receiver)

e) Increase the frequency by a step size not larger than specified in Table 5.

f) Repeat steps d) and e) until the next frequency in the sequence would exceed the highest
frequency in the range of the test. Finally, repeat steps d) and e) at this highest frequency
(for example 26 MHz).

g) At the highest frequency, switch on the modulation of the test signal, and verify the correct
modulation of the test signal (see Figure 4).

d
1 5
2
3 6
T
4 [
~—
‘\.
IEC
Key
1 radiating loop
2 eurrent probe
3 amplifier
4 signal generator
5 magnetic field sensor loop
6 high-impedance voltmeter
d test distance
Figure 8 — Radiating loop level setting
8.5.3 Execution of the test
Testing shall be performed according to a test plan.

The test is performed by exposing the EUT to the test signal based on the level defined in
Table 1 (see 5.3 and 5.4). The test setup is as shown in Figure 9.

With the equipment operating in modes identified according to 8.3, place the radiating coil at
the test distance d, (50 £ 3) mm, depending on the frequency range, from a test point on the
equipment (see Figure 9). Orient the plane of the loop sensor parallel to the equipment faces.
Generate the defined magnetic field levels based on the verification (see 8.5.1 and 8.5.2).

It is not intended that the test needs to be applied continuously over the entire frequency
range. Specific test frequencies may be selected by product committees, as appropriate, or
the frequencies given in Table 5 can be chosen.
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The frequency ranges to be considered are swept with the signal modulated according to
Clause 5, pausing to adjust the RF signal level or to switch oscillators and radiating loops as
necessary. The frequency range is swept incrementally, with frequency steps sizes as defined
in Table 5. The dwell time at each frequency step depends on the reaction time of the
equipment and shall be long enough for the equipment to adequately respond to the test
signal. The minimum dwell time is 2 s. Additional dwell time at each test frequency may be
necessary to allow the EUT to be exercised in appropriate operating modes. The dwell time
shall be documented in the test report.

IEC

Key

1 equipment under test

2 exposure to all EUT surfaces
d test distance

Figure 9 — Principle of equipment testing with radiating loop

Table 5 - Maximum-frequency steps size, magnetic field immunity test

Frequencyband Linear steps
kHzZ kHz
9 to 150 10
150 to 1 000 100
1 000 to 26 000 1000

Expose the equipment surfaces that are subject to illumination by magnetic fields under
normal use. Where feasible, it is recommended that all sides of table-top and portable
equipment are tested. For floor-standing equipment, the bottom side should not be tested.

Unless stated otherwise in the generic, product or product-family standards, the exposure to
the magnetic field shall be applied only to those points and surfaces of the EUT which can be
seen as input ports for magnetic fields. The following areas do not require testing:

a) surfaces where fixed mechanical barriers outside the equipment prevent sources of
magnetic fields from being positioned closer than 0,25 m to the surface of the equipment;
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b)

c)

d)

e)

surfaces constructed in a manner preventing magnetic sources from coming closer than
0,25 m to active components (sensors, cables, PCBs, etc) inside the equipment (for
example, plastic housing with space behind or covering only passive mechanical
constructions);

those points and surfaces of the equipment which are no longer accessible to portable RF
transmitters in close proximity after fixed installation or after following the instructions for
use (for example, the bottom and/or wall-side of equipment or areas);

surfaces consisting of a homogeneous ferromagnetic material (thickness > 0,25 mm)
made of one piece having the size of more than 150 % of the loop diameter in each of the
two relevant dimensions;

surfaces or areas of the EUT that are exposed to electromagnetic fields from pgrtable

trgnsmitting devices used in close proximity only during service or maintenance operptions.

If the|arrangement specified above cannot be realized, for example because)of prpduct-
specifijc depressions or bulges or attached cables, the most critical position forythe prgximity
of portable transmitting devices shall be identified and tested. This special situation shall be

documented in the test report.

8.6
8.6.1 Level setting procedure

The pfocedure for setting the test level is as follows:

a)

f)

8.6.2 Execution of'test

Radiated RF field immunity

Pgsition the field sensor in an anechoic chamber a@long the central axis of the TEM horn
anfenna at a distance of (100 = 5) mm from the frontof the TEM horn antenna (see Figure(11).

Sqt the frequency of the signal generator to ¢he*lowest frequency in the range of the test
(fgr example, 380 MHz).

Adjust a forward power to generate thetarget test level (for example, 100 V/m). Record
the forward power and field strength readings.

Ingrease the frequency by a maximum of 1 % of the present frequency.

Rgpeat steps c) and d) until the 'next frequency in the sequence would exceed the hjghest
frgquency in the range of the test. Finally, repeat step c¢) at this highest frequengy (for
expmple, 6 GHz).

At|the highest frequeney,-switch on the modulation of the test signal, and verify the dorrect
madulation of the testisignal (see Figure 3 (5.3) and Figure 4 (5.6)).

The aptenna issmoved according to the window size of the uniform area covered by the TEM

teste
TEM

horn ﬂmtenna used. This is repeated until all selected areas of the EUT surface havel been

See)Annex A for details on determining the size of the uniform area covered by the
oernantenna.

An example of a test using a TEM horn antenna which has field uniformity window size of
300 mm x 300 mm is shown in Figure 10. In this example, the antenna is placed at six
locations to fully test that EUT surface.
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Figure 10 — Example of the testpattern using a 300 mm x 300 mm
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window size for the uniform area

Lise 5.
dwell
UT to
Cycles

Julation of the disturbanee test signal shall be applied at each test frequency. Addjtional

time at each test_frequency may be necessary to allow the EUT to be exerci
briate operating mades. The dwell time shall be documented in the test report.

rfaces of the*EUT that may be subject to exposure to electromagnetic fieldq
le transmitting devices used in close proximity to the EUT under normal operd
shall be-considered for testing. Where feasible for table-top and portable equipm

ted in

from
tional
ent, it

ommended that all sides are tested. For floor-standing equipment, the bottom side

not be tested.

Unless stated otherwise in the generic, product or product-family standards, the exposure to
the electromagnetic field shall be applied only to those points and surfaces of the EUT which
can be seen as input ports for electromagnetic fields from devices used in close proximity.
The following areas do not require testing:

a) EUT surfaces where fixed mechanical barriers outside the equipment prevent sources of
electromagnetic fields from being positioned closer than 0,25 m to the surface of the

eq
b)

uipment;

EUT surfaces constructed in a manner that prevents disturbance sources from coming

closer than 0,25 m to active components (sensors, cables, PCBs, etc) inside the
equipment (for example, plastic housing with space behind or covering only passive
mechanical constructions);
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c) those points and surfaces of the equipment which are no longer accessible to portable RF
transmitters in close proximity after fixed installation or after following the instructions for
use (for example, the bottom and/or wall-side of equipment or areas);

d) surfaces consisting of a homogeneous metallic material (thickness > 0,25 mm) made of
one piece having the size of more than 150 % of the TEM horn uniform area;

e) surfaces or areas of the EUT that are exposed to electromagnetic fields from portable
transmitting devices used in close proximity only during service or maintenance operations.

All surfaces of the equipment that are to be tested shall be partitioned into multiple windows.
The physical dimension of each window is established according to Annex A.

Each [window shall be illuminated using the TEM horn antenna in horizontal and/vgrtical
orientgtion (see Figure 12). The separation between the TEM horn antenna and“thg EUT
surfades shall be (100 £ 5) mm. The TEM horn antenna shall be positioned at the’ spgcified
distance from the centre of each of these areas with the horn antennals, Central axis
perpepdicular to the surface of the EUT. Movement of the TEM horn antenna during exgosure
should be avoided.

If the|arrangement specified above cannot be realized, for example because of prpduct-
speciffjc depressions or bulges or attached cables, the most criticalDposition for the prgximity
of portable transmitting devices shall be identified and tested., This special situation shall be
documented in the test report. In the case of attached cables\ocated next to the EUT sprface
being [tested, the TEM horn antenna is not required to be placed closer than 100 mm frgm the
cableg.

For epch test point, monitor the reaction of thesequipment. Assess compliance with the
immunity compliance criteria specified in the test¢plan.

Dimensions in milfmetres

Field probe

TEM horn antenna 56
AQQ

IEC

Figure 11 — Arrangement of level setting
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Figure 12 — Example of TEM horn antenna orientations

valuation of test results
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10 Test report

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

a) identification of the EUT and any associated equipment, for example, brand name, product
type, serial number;

b) the items specified in the test plan required by Clause 8 of this document;

c) identification of the test equipment, for example, brand name, product type, serial number;

d) any special environmental conditions in which the test was performed;

e) any specific conditions necessary to enable the test to be performed;
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f) performance level defined by the manufacturer, requestor or purchaser;
g) performance criteria specified in the generic, product or product-family standard;

h) any effects on the EUT observed during or after the application of the test disturbance,
and the duration for which these effects persist;

i) the rationale for the pass/fail decision (based on the performance criterion specified in the
generic, product or product-family standard, or agreed between the manufacturer and the
purchaser);

j) any specific conditions of use, for example cable length or type, shielding or grounding, or
EUT operating conditions, which are required to achieve compliance;

k) a complete description of the cabling and equipment position and orientation shall be
in¢luded in the test report; in some cases a picture may be sufficient for that;

[) representative operating conditions of the EUT;

m) a gescription of the EUT exercising method;

n) the frequency range of application of the test;

o) the test frequency dwell time and frequency steps;

p) the applied test level;

g) the modulation of the disturbance signal applied;

r) the positions of the loop antenna and the TEM horn antenna(s) relative to the EUT;
s) the performance level defined by the manufacturer, requestor or purchaser;

t) the performance criteria that have been applied;

u) anly effects on the EUT observed during or afterapplication of the test disturbance apd the
duration for which these effects persist.
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Annex A
(normative)

TEM horn antenna

A.1 General

Annex A introduces a series of parameters to be met by TEM horn antennas used in close-
proximity tests. The parameters are based on full wave numerical analysis of some structures
that could be used as potential radiators. The structure is not described to allow commercial
companies to decide what approach they will choose to achieve these parameters. Thd main
parameter described is the field uniformity or field distribution in close proximity*{o the
antennpa. The parameters described herein are:

a) frdquency range
b) V§WR
c) field distribution

A.2 | Frequency range

The applicable frequency range is 380 MHz to 6 GHz. However, it is permissible to havgd more
than dne antenna to cover the range.

A.3 | VSWR

The VSWR of the antenna shall not exceed 3"

A.4 | Field distribution

The npost critical part of this approach is characterisation of the antenna. Current antenna
near field calibration methods\such as SAE ARP 958D are not adequate becausel such
methgds do not characterise the uniformity of illumination over the aperture of the antenpa.

The purpose of Annex\A is to assure the uniformity of the applied field at a certain digtance
from the TEM horn,antenna. The size of field uniformity depends on the capability of th¢ TEM
horn gntenna andithus defines the maximum illuminated area. Therefore this documenf does
not specify anything about the antenna size. An antenna having a larger area of field
uniformity may-improve test efficiency.

The fieldvstrength in the illuminated area of the TEM antenna shall be in the range 0[dB to
4 dB below the maximum field strength at 100 mm distance from the TEM antenna.

For the verification of the field uniformity of a TEM horn antenna, an anechoic chamber shall
be used. In order to avoid reflections, additional absorbing materials on the floor may be used.

A small field strength probe shall be positioned at (100 £ 5) mm from the outer front surface of
the TEM horn antenna. The probe shall be able to measure the field strength in a single field
polarisation. The size of the sensing element of the field probe shall be less than 1/3 of the
smaller dimension of the opening of the TEM horn antenna.

The procedure for verification of the field uniformity of the TEM horn antenna is as follows.

a) Define a grid with 25 mm x 25 mm spacing starting with the center point and covering the
desired uniform area. The center point is along the central axis of the TEM horn antenna.
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b) Position the field probe at the center point of the grid at a distance of (100 £ 5) mm from

the front surface of the TEM horn antenna (see Figures A.1 and A.2).

c) Record the forward power and the field strength readings in the frequency range
(frequency increase of maximum 1% of the present frequency) of the test or antenna
specification using an appropriate field strength level (for example, 100 V/m)

d) Repeat step c) with the field probe placed at each grid point.

e) Sort the recorded forward power values (in case of constant field strength) or the recorded
field strength values (in case of constant power) from maximum to minimum values for all

frequency steps

f) The TEM horn antenna's useable uniform field area is defined by that area in which all

Ccoptiguous probe positions are within U dB to -4 dB of the maximum ifield stfength
re¢orded in steps b) through d).

NOTE [Usually field uniformity data is provided by an antenna manufacturer and it can be _used by the test

laboratory.

An example of a plot of field uniformity of a TEM horn antenna is shown in Figure A.3.

Dimensions in milfmetres

=l

Directional coupler

oYY

1005

[

Coaxial cable / Field probe
» '
[ o
Optical cable
REV.-FWD TEM Horn p
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Power meter Eield Manitor
Power Signal
Amplifier Generator

IEC

Figure A.1 — Example of field uniformity verification setup
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Dimensions in millimetres
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IEC

Figure A.2 — Field uniformity measurement setup
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For this antenna, the field strength varies less than 0,5 dB within an area of 100 mm x 100 mm.

Figure A.3 — Example of field uniformity at 1,5 GHz (simulated) for
TEM horn antenna having an aperture dimension of 205 mm x 205 mm

A.5 General design for TEM horn antenna

The general design principle of a TEM horn antenna is shown in Figure A.4.
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Figure A.4 — Example of general design principle of TEM horn antenna
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Annex B
(informative)

Test frequencies, levels and modulations

General

The test levels should be selected in accordance with the electromagnetic environment to
which the EUT and cables may be exposed in normal installation environments
consequences of failure should be borne in mind in selecting the test level to be used.
A high

. The

If the

enables a calculation of field strengths likely to be encountered.

For eq
follow

B.2 | Magnetic emitters in the range from 9 kHz to 26 MHz

In the| frequency range 9 kHz to 26 MHz, there are a number of new technologies or

applicptions of established technologies that may intrease the likelihood of interd

Examples are:

— electronic article surveillance (EAS) systems,

— acfess control systems (radio-frequency idéntification — RFID),

— magnetic levitated rail systems,

— radlio-frequency (RF) medical proceddres such as high frequency surgery and ak
therapy,

— metal detectors,

— usk of transponders for traffic control,

— wifeless charging/inductive power transfer.

See IEC TR 61000-2-5.-for information regarding services operating in the frequency ra

9 kHz|to 26 MHz.

Test ffequencies; test levels and modulation requirements for the frequency range 9 kHz

MHz dre defined in 5.2, 5.3 and 5.4.

B.3 ~Radio services Inh the range from 26 MHZ 10 6 GHZ

er level may be required if the consequences of failure are large.

EUT is to be installed at a few sites only, then inspection of the local' RF sq

uipment intended for operation in a variety of locations, the following guidelines m
d in selecting the test level to be used.

urces

ay be

novel

ction.

lation

hge of

to 26

These disturbance sources are identified from IEC 61000-4-3:2006, Annex G, ISO 11451-3
and I1SO 11452-9:2012, Annex A, and listed in Table B.1. The calculated field strengths may
be used to determine a suitable test level for evaluating immunity to these radio services.
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Table B.1 — Guidance on test levels of certain RF wireless communications equipment

Band @ Service 2 Modulation Maximum Calculation Calculated
power distance field
strength
(MHz) (W) (m) (RMS)
(V/m)
26,xx to 27,xx ISM AM. FM, pulse No limit
TETRA 400 Pulse 1,8 0,1 81
ion b
380 to 390 modulation
18 Hz
FM¢
GMRS 460, + 5 kHz
430 to 470 FRS 460 deviation 2 0,1 84
1 kHz sine
Pulse 0.2 04 27
704 to 787 LTE Band 13, 17 modulation
217 Hz 27
27
GSM 800/900,
TETRA 800, Pulse
; ) 2 0,1 84
800 to 960 CI;DDEM’\,IA882506 modulation b
LTE Band 5 18 Hz
LTE Band 21 Pulse 2 0,1 81
1447,9 modulation®
to1 462,9
18 Hz
GSM 1800;
CDMA 1900;
GSM 1900; DECT; Pulse 2 0,1 84
LTE Band 1, 3, 4, modulation °
1{700 to 1 990 25: UMTS
217 Hz 84
84
Bluetooth, WLAN, Pulse
240010 2570 | (832 11 b/on. modulation 2 0,1 84
LTE Band 7 217 Hz
Pulse 0.2 0,1 27
5100 to-5 800 | WLAN 802.11 a/n modulation
217 Hz 27
27
2  For some services, only the uplink frequencies are included.
b The carrier shall be modulated using a 50 % duty cycle square wave signal.
¢ As an alternative to FM modulation, 50 % pulse modulation at 18 Hz may be used because while it
does not represent actual modulation, it would be the worst case.

As a rule of thumb the field strength at a distance from a transmitter can be calculated using
the following formula:

E:%\/P_
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where

P is the maximum power in W,

d is the separation distance in m, and

E is the calculated field strength in V/m at the distance d.

The assumptions inherent in this formula are not valid for all conditions, including the near

field or high gain antennas. More detailed information for determination of field strengths in
near field and far field can be found in IEC TR 61000-2-5:2011, Annex B.
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CcA

Annex C
(informative)

In situ testing

General

In situ testing applies to large, permanently-installed equipment and systems that are

constr

ucted in such a way that simulated operation of subsystems is not feasible.

C.2

In situ

It has
and th

C3

All tes

Test procedure
testing shall be performed in the final installation condition of the EUT.

to be considered that local regulatory requirements of field generation are resy
at other co-located equipment shall not be unacceptably affected!

Test report

t parameters shall be stated in the test report.

ected
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COMPATIBILITE ELECTROMAGNETIQUE (CEM) -

Partie 4-39: Techniques d'essai et de mesure —
Champs rayonnés a proximité —
Essai d'immunité
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INTRODUCTION

L'IEC 61000 est publiée sous la forme de plusieurs parties séparées, conformément a la
structure suivante:

Partie 1: Généralités

Considérations générales (introduction, principes fondamentaux)

Définitions, terminologie

Partie 2: Environnement

Dgscription de I'environnement
Classification de I'environnement
Niveaux de compatibilité

Partig 3: Limites
Limites d'émission

Limites d'immunité (dans la mesure ou elles ne tombent pas, sous la responsabilifé des
comités de produits)

Partig 4: Techniques d'essai et de mesure

Techniques de mesure
Techniques d'essai

Partid 5: Guides d'installation et d'atténuation

Guyides d'installation
Methodes et dispositifs d'atténuation

Partig 6: Normes génériques
Partig 9: Divers

Chaque partie est a son ‘tour subdivisée en plusieurs parties, publiées soit comme nprmes
internationales soit comme spécifications techniques ou rapports techniques, dont certaines
ont dgja été publices comme sections. D’autres seront publiées avec le numéro de partie,
suivi |d’'un tiret¢et complété d'un second numéro identifiant la subdivision (exgmple:
IEC 6]1000-6-1).

Cons1dérations particuliéres a I'lEC 61000-4-39

La présente partie de I'lEC 61000 est une norme internationale qui spécifie les exigences
d'immunité et les procédures d'essai applicables aux perturbations rayonnées provoquées par
des champs de radiofréquences émis par des dispositifs utilisés a proximité.

Il est impossible d'ignorer [I'évolution considérable qu'a connue I'environnement
électromagnétique courant. Il n'y a pas si longtemps, les émetteurs-récepteurs portables a
modulation de fréquence (FM) utilisés a des fins commerciales, de santé publique et de
radiocommunications amateurs constituaient les applications RF prédominantes. La
distribution était limitée (par exemple, par I'octroi de licences) et, dans la plupart des cas, les
antennes rayonnantes étaient installées a l'extérieur des béatiments pour optimiser leur
efficacité. La situation a changé dés lors que la technologie a permis de fabriquer des
téléphones compacts sans fil, Iégers et a des prix raisonnables. Les services sans fil (DECT,
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téléphones mobiles, UMTS/WiFi/WiMAX/Bluetooth®1, interphones de surveillance de bébé,
etc.) sont désormais largement utilisés et acceptés. Ainsi, de nouvelles situations
d'expositions des équipements aux fréquences radio (RF) sont observées du fait que les
équipements congus pour ces nouvelles technologies peuvent étre équipés d'une antenne a
I'intérieur du batiment et méme a l'intérieur du boitier du dispositif et étre omniprésents dans
presque n'importe quel milieu, y compris au travail, a la maison et dans les transports publics.

Les nouvelles technologies numériques ont permis de faire évoluer les méthodes de
modulation traditionnelles AM et FM vers des modulations numériques présentant une grande
diversité de caractéristiques différentes d'amplitude et de largeur de bande. Alors que les
niveaux globaux de la pwssance dem|SS|on moyenne dans le temps ont pu baisser de
manié - , ,
migralion des services, les niveaux maximaux de pwssance p033|bles (|mpuIS|on créte) des
autreqd bandes ont augmenté de maniére significative. De plus, l'intégration de\ plusieurs
antenpes d'émission (pour prendre en charge, par exemple, les liaisons WiFi et| Bluefooth),
I'évoldtion des facteurs de forme, des débits binaires plus élevés pour faciliterles transferts
de dohnées et I'accés a Internet, ainsi que I'utilisation de casques micropheniques sgns fil,
ont d}nné lieu a un modele plus complexe et diversifié en ce qui concerne I'utilisajion et

I'expopition. L’amélioration de la portabilité des dispositifs d'émission @yégalement réduit de
maniére considérable la distance de séparation entre les sources ‘d'énergie rayonnge de
fréqugnce radio et les équipements susceptibles d'étre perturbés pancette énergie.

Il conyient de prévoir que la révolution des technologies sans.fil continuera a se développer
avec de nouvelles applications par le biais d'hyperfréquences de plus en plus élevées.

IEC 6]1000-4-3, 61000-4-20, 61000-4-21 et 61000-4-22, peuvent ne pas convgnir a
I'évaldation de la compatibilité avec les champs électriques et magnétiques complexes
généres par les émetteurs RF situés a proximité (par exemple, a quelques centimétres) de la
surfade des équipements électroniques. Les‘niveaux de puissance exigés pour les intensités
de pefturbations plus élevées, associées-a*de trés petites distances de séparation, pguvent
grandement compliquer I'application de certaines des normes d’essai existantes ou en fendre
les cofits de réalisation prohibitifs.

Les ¢ssais d'immunité réalisés conformément alx“normes existantes, telles qx{ les

Les npuvelles technologies utilisent également des champs magnétiques. Les champ$ sont
hétérggénes et leur amplitude) ainsi que leur direction dans une région de l'espace \arient
notablement. En général,.ils- peuvent étre générés par des moteurs, des transformatedirs de
puissance, des alimentations de commutation, des portails de surveillance électrgnique
d'articles (EAS) ou des-émetteurs de systémes d'identification par radiofréquence (RFIQ), des
systémes de recharge par induction et des dispositifs de communication en champ groche
(NFC)| Les champs provenant des sources susmentionnées diminuent rapidement a mesure
que ld distance qui les sépare de la source augmente.

Du fait que ces nouvelles technologles utlllsent une tres vaste plage du spectre frequertlel, il
on le
comportement physique d'accouplement magnétique dans la plage de fréquences la plus
basse et les caractéristiques électriques les plus pertinentes dans la plage de fréquences la
plus haute. De plus, la grande disparité des caractéristiques physiques et électriques des
types d'équipements pouvant étre affectés par les émetteurs portables a proximité ainsi que
les applications pour lesquelles ces équipements sont utilisés impliquent la nécessité
d’appliquer différentes méthodes d'essai.

Actuellement, le présent document couvre les sources de perturbations de champs
magnétiques dans la plage de fréquences de 9 kHz a 26 MHz. Pour l'instant, aucun essai n'a

1 Bluetooth est I'appellation commerciale d’'un produit distribué par Bluetooth SIG. Cette information est donnée
a l'intention des utilisateurs du présent document et ne signifie nullement que I'lEC approuve ou recommande
I’emploi exclusif du produit ainsi désigné. Des produits équivalents peuvent étre utilisés s’il est démontré qu’ils
conduisent aux mémes résultats.


https://iecnorm.com/api/?name=b25a304a804bb43810c1ed35b25d5fe5

IEC 61000-4-39:2017 © IEC 2017 - 49 —

été défini pour la plage de fréquences de 26 MHz a 380 MHz. Pour la plage de fréquences de
380 MHz a 6 GHz, des essais effectués a l'aide d'une antenne cornet TEM sont définis. Il a
notamment été constaté que les méthodes d'essai spécifiées pour la plage de fréquences
supérieure a 380 MHz ne prennent pas en considération les variations possibles de
I'impédance de champ des émetteurs a proximité réelle, qui peuvent représenter des sources
dont les impédances de champ sont bien en dessous de I'impédance en champ lointain de
377 Q (principalement des sources de champs magnétiques) et bien au-dessus de 377 Q
(principalement 