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Int
int

INTERNATIONAL ELECTROTECHNICAL COMMISSION
INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 1-4: Radio disturbance and immunity measuring apparatus —
Ancillary equipment — Radiated disturbances

FOREWORD
The International Electrotechnical Commission (IEC) is a worldwide organizatio i$ing
all national electrotechnical committees (IEC National Committees). ote
international co-operation on all questions concerning standardization in {h To
this end and in addition to other activities, IEC publishes International\ Standard ions,
[Technical Reports, Publicly Available Specifications (PAS) and EC
Publication(s)”). Their preparation is entrusted to technical committ ommittee interegted
in the subject dealt with may participate in this preparator . \ati goyernmental and non-
governmental organizations liaising with the IEC also particip is™p C collaborates closely
with the International Organization for Standardization (I i with Yconditions determined by
agreement between the two organizations.
[The formal decisions or agreements of IEC ¢ nal
consensus of opinion on the relevant subjec all
interested IEC National Committees.
IEC Publications have the form of recomm nal
ICommittees in that sense. While all reaso EC
Publications is accurate, IEC cannot be lany
misinterpretation by any end u
In order to promote internationaNuniformit ons
transparently to the maxi nce
between any IEC Public din
the latter.
IEC provides n@k' icate/its approval and cannot be rendered responsible for jany
lequipment declare C Publication.
All users should e re Rave theMatest edition of this publication.
No liability shall attac tors, employees, servants or agents including individual experts pnd
members of is i ees and IEC National Committees for any personal injury, property damagge or
other damage oever, whether direct or indirect, or for costs (including legal fees) pnd
lexpense S ication, use of, or reliance upon, this IEC Publication or any other JEC
Publications
Attention i to\the™Ndrmative references cited in this publication. Use of the referenced publicationf is
indispensablefor_ the cogrect application of this publication.
Attention«is_drawn tovthe possibility that some of the elements of this IEC Publication may be the subjeqgt of
patent.rights. IEC shall not be held responsible for identifying any or all such patent rights.

brnational Standard CISPR 16-1-4 has been prepared by CISPR subcommittee A: Raldio

£ 4 (D L E] ! 41 !
I TTTTTICC TITTASUTTITITIIS allu Statistitdl TTITttTous.

This second edition of CISPR 16-1-4 cancels and replaces the first edition published in 2003,
amendment 1 (2004) and amendment 2 (2005).

The document CISPR/A/710/FDIS, circulated to the National Committees as amendment 3, led
to the publication of the new edition.
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The text of this standard is based on the first edition, its Amendment 1, Amendment 2 and the

following documents:

FDIS Report on voting
CISPR/A/710/FDIS CISPR/A/722/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.

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

anfl immunity measuring apparatus and methods, can be found on the IEC website.

CI$PR 16-1 consists of the following parts, under the general titl feation, for ra
disfurbance and immunity measuring apparatus and methods jo \distyrbance 4

immunity measuring apparatus:

Part 1-1: Measuring apparatus
Part 1-2: Ancillary equipment — Conducted disturbances
Part 1-3: Ancillary equipment — Disturbance power
Paft 1-4: Ancillary equipment — Radiated disturbances
Part 1-5: Antenna calibration test sites fox 30

The committee has decided that the con

maintenance result date indicated on the—FE
related to the specific publication. At this d

* |reconfirmed,
* |withdrawn,

» |replaced by a revise
* |amended.

A ljst of all parts of CISPR 16 series, under the general title Specification for radio disturbarLce

dio
nd

the
Aata
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SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 1-4: Radio disturbance and immunity measuring apparatus —
Ancillary equipment — Radiated disturbances

1 | Scope

This part of CISPR 16 is designated a basic standard, which specifies thé actefistics 3
performance of equipment for the measurement of radiated disturba

rarjge 9 kHz to 18 GHz.

Spegcifications for ancillary apparatus are included for: antennas d test Si cells, 3
reerberating chambers.

The requirements of this publication must be complied witt - aquencies and for all leV
of fadiated disturbances within the CISPR indicating

lipvit modelling are covered
Part 4 of CISPR 16.

2 | Normative reference

The following referenced dosum gble for the application of this document.
daled references, only| the_editj ited slies—For undated references, the latest edition

$PR 16-8)/ Specification for radio disturbance and immunity measuring apparatus @
thods—'Part 3: CISPR technical reports

@nfor yation on radio disturbance
dtisticg.a i

nd
hCy

els

n

For

nd
ing

nd
fed

nd

cl O aaro—q T 10¢

and methods — Uncertainties, statistics and limit modelling

2tus

CISPR 16-4-2:2003, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 4-2: Uncertainties, statistics and limit modelling — Uncertainty in EMC

measurements

IEC 60050-161, |International Electrotechnical Vocabulary (IEV) — Chapter 1
Electromagnetic compatibility

61:


https://standardsiso.com/api/?name=1f3c4dcdceec9e8b11117627f5b5770d

CISPR 16-1-4 © IEC:2007 -15 -

3

Terms and definitions

For the purposes of this document, the following terms and definitions apply. Also see
IEC 60050(161).

3.1
bandwidth

Bn
width of the overall selectivity curve of the receiver between two points at a stated attenuation,
below the midband response

NO
me

3.4
co
CdQ
en
fro

3.5
an

thg
ele

NO
NO

3.6
ba

pa
mis

mpliance test site
MTS
ironment which ass

m equipment uider

bsiveelectrical network for the transformation from a balanced to an unbalanced tra
bsion line or device or vice versa

ter

tion

gth

ive

ns-

3.7

fre

e-space-resonant dipole

wire antenna consisting of two straight colinear conductors of equal length, placed end to end,
separated by a small gap, with each conductor approximately a quarter-wavelength long such
that at the specified frequency the input impedance of the wire antenna measured across the
gap is pure real when the dipole is located in the free space

NOTE 1

NOTE 2 This wire antenna is also referred to as "tuned dipole".

In the context of this standard, this wire antenna connected to the balun is also called the "test antenna”.
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3.8

site attenuation

insertion loss determined by a two-port measurement, when a direct electrical connect
between the generator output and receiver input is replaced by transmitting and receiv
antennas placed at the specified positions

3.9
test antenna
combination of the free-space-resonant dipole and the specified balun

=i 1

ion
ing

NOTI’: = +h £ + =
e Ot e P U P oS- o T HS—Stanaara—ohRTy-

a dpecified structure consisting of one or more metallic wires or rods fg Qr ‘receiV,

rest

3.2
qupsi-free space test-site

tegt-site for which the site attenuation
by no more than = 1 dB fromi\the calc

3.13
tedt volume
volume in the F

NOTE In this volume t
absprbing material of jH& F

The ante
appreciably .

comnnected tothe measuring receiver, the measuring system shall comply with the bandwi
requirements)of CISPR 16-1-1 appropriate to the frequency band concerned.

ing

ng
of

tes

the

hot
is
dth

all

The ~antenna shall be substantially plane polarized. It shall be orientable so that

po
above ground may have to be adjustable according to a specific test procedure.

For additional information about the parameters of broadband antennas see Annex A.

4.1  Accuracy of field-strength measurements

ina

The accuracy of field-strength measurement of a uniform field of a sine-wave shall be better
than £3 dB when an antenna meeting the requirements of this subclause is used with a

measuring receiver meeting the requirements of CISPR 16-1-1.

NOTE This requirement does not include the effect due to a test site.
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4.2  Frequency range 9 kHz to 150 kHz

Experience has shown that, in this frequency range, it is the magnetic field component that is
primarily responsible for observed instances of interference.

4.2.1 Magnetic antenna

For measurement of the magnetic component of the radiation, either an electrically-screened
loop antenna of dimension such that the antenna can be completely enclosed by a square
having sides of 60 cm in length, or an appropriate ferrite-rod antenna, may be used.

The unit of the magnetic field strength is pA/m or, in logarithmic units, 20 log(uA{m)
= dB(uA/m). The associated emission limit shall be expressed in the same gni

NO bf a
rad gth
me i.e.
ass ield
con rect
valy by
sub)
Its
To

(1)
To

(2)
The i ( om
the|calibration of field strength measuring equiment%atl g 'the magnetic field in uV/m (or dB(uV/m)).
4.2.2 Balance of antenx
The balance of the anfenna’s at, when the antenna is rotated in a uniform figld,

thg level in th
polarization direc

is at least 20 dB below that in the parallel

4.3
4.3.
Fo an
un will

sed

Inforntation pertaining to calculating the performance characteristics of a 1 m length monopple
(ropg)y@antenna and the characterization of its matching network is specified in Annex B.

Where the distance between the source of radiation and the antenna is 10 m or less, the total
length of the antenna shall be 1 m. For distances greater than 10 m the preferred antenna
length is 1 m, but in no case shall it exceed 10 % of the distance.

The unit of electric field strength shall be puV/m or, in logarithmic units, 20 log(uV/m)
= dB(uVm). The associated emission limit shall be expressed in the same units.
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4.3.2 Magnetic antenna

For the measurement of the magnetic component of the radiation, an electrically-screened loop
antenna, as described in 4.2.1 shall be used.

Tuned electrically balanced loop antennas may be used to make measurements at lower field
strengths than untuned electrically-screened loop antennas.

4.3.3 Balance of antenna

If §
4.2.2.

4.4 Frequency range 30 MHz to 300 MHz

441 Electric antenna

Th

4.41.1 Balanced dipole

Fo
be
an
the
arr

44

A d

e reference antenna shall be a balanced dipole.

ant le
I matched to the feeder by a suit; i . Sonnection to the input
measuring apparatus shall E
pngement.

1.2 Shortened dipole

it is connect

account of the v.g

standing wav 2 (V.s.W. ble of less than 2.0 to 1. The calibration shall take

frequencies 80 MHz or above, the antenna shall pe re i , and for frequendies
gth and shall be tuned

of

ic-asymmetric transformer

ge

it has a polarig quivalent to that of a tuned dipole (see 4.4.2). To obtain
this, a balya_ma

for determinationyof\the is
dete the measuring distance (i.e., at a distance of at least three tinjes
the lehgth 0

NOTE The¢aRtenna Yactors thus obtained should make it possible to fulfil the requirement of measufing
uniform sine<wave<fields with an accuracy not worse than +3 dB. Examples of calibration curves are givep in
Figure 1 which showsS the theoretical relation between field strength and receiver input voltage for a receivdr of
inputiimpedance of 50 Q, and for various //d ratios. On these figures, the balun is considered as an ideal|1:1
transformer. It should be noted, however, that these curves do not account for the losses of the balun,|the

cable and any mismatch between the cable and the receiver.

e) in spite of the sensitivity loss of the field-strength meter due to a high antenna factor
attributed to the shortened length of the dipole, the measuring limit of the field-strength
meter (determined for example by the noise of the receiver and the transmission factor of

the dipole) shall remain at least 10 dB below the level of the measured signal.
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Figure 1 — Short dipole antenna factors for R = 50 Q
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4.4.1.3 Broadband antenna

A broadband antenna may be used, provided that it meets the requirements given in 4.5.2 for a
complex antenna.

4.4.2 Balance of antenna
4.4.2.1 Introduction
In radiated emission measurements, common-mode (CM) currents may be present on the

ate
ted

fields which may be picked up by the receiving antenna. Consequently, the radia
ission measuring results may be influenced.

The major contributions to the antenna cable CM currents stem from

Th
las]

$ee

In 4nd

the

4.42.2

The following method desgri
rarljge for which the 1
expressed in identical

1) | Set the rece@
above the grourid

element of the a

hcy
pth

Bm

nd

plane.

2) |Place a m
from the S the
rangg o | \ (if

bSS

3) [ Conneet the transmitting antenna to a signal source, for example, a tracking generator, jset
the\level of that generator in such a way that, over the frequency range of interest, the
sighal-to-ambient noise at the receiver is larger than 10 dB.

4) Record the voltage U, at the receiver over the frequency range of interest.

5) Invert the receiving antenna (rotate that antenna through 180°) without changing anything
else in the set-up, in particular the receiving antenna cable, and without changing the
setting of the signal source.

6) Record the voltage U, at the receiver over the frequency range.
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7) The DM/CM conversion is sufficiently low if | 20 log (U1/U2)|<1 dB.

NOTE 1 If the DM/CM conversion criterion is not met, ferrite rings around the antenna cable may reduce the
DM/CM conversion. The addition of ferrites on the antenna cable may also be used to verify whether contribution a)
has a non-negligible effect. Repeat the test with four ferrites spaced approximately 20 cm apart. If the criterion is
met by using these rings, they should be present in the actual emission measurement. Likewise, the interaction with
the cable can be reduced by extending the cable several metres behind the antenna before dropping to ground.

NOTE 2 If the receiving antenna is to be used in a fully anechoic chamber, the DM/CM check may be performed in
that room with the receiving antenna at its usual location and the transmitting antenna in the centre of the test
volume of that room. The room must comply with the £4 dB criterion.

NOTE 3 The measuring site of which the ground plane forms a part, or the fully anechoic room, should comply

Wltf thoir roc p L1V MNSA < nnnnn lizad cito attanuation ) I3 q ........ h-

NOJTE 4 The horizontal distance of 1,5 m over which the antenna cable runs horizontally behind the centre_af|the
antgnna should be kept as a minimum during actual vertically polarized radiated emissions preasurements..

NOTE 5 It is not necessary to define a test set-up strictly because this effect is in large\g i tion
of the antenna and the part of input cable that lies parallel to the antenna elements. THiere'is@x uch smaller effect
whith is dependent on the uniformity of the field incident on the antenna in normal & rin
a fylly anechoic room.

NOJE 6 For baluns which have the receive cable connector mounted on m),
a right angle connector should be used to reduce the movement of the cable.

4.4.3 Cross-polar performance of antenna

WHhen an antenna is placed in a plane-polarized electro i age
when the antenna and field are cross-polarized q ] inal
voltage when they are co-polarized. It is intended  tha -periodic di ray
(LRDA) antennas for which the two ha each dj lon. The majority of testing
with such antennas is above 200 MHz, [ i appligs below 200 MHz. This tes} is
nof{ intended for in-line dipole and biconit 3 g a cross-polar rejection gregter
thgn 20 dB is intrinsic to their symmagfri st
haye a cross-polar rejection greater than ? a uld
confirm this.

In prder to achieve qua g of
sufficient height nd
reflections, set na
un fce

anf

NO set up a plane wave at the antenna under test. The cross-pplar

dis e can be proven by transmitting between a pair of horn antennas or ogen-
end l3¢ e combination of site error and inherent cross-polar performance of pne
hor yields a upp ession of the horizontal component by more than 30 dB. If the site errors are very|low
and i P S.rave identical performance, the cross-polar performance of one horn is approximately § dB

lowg 8 ¢ <pOlar coupling of the pair of horns.

Anli i ignal 20 dB lower in level than the desired signal gives a maximum error on the
desired signal of £0,9 dB. The maximum error occurs when the cross-polar signal is in phase
with the\co-polar signal. If the cross-polar response of the LPDA is worse than 20 dB, fhe
op =rator must calculate the uncertamty and declare it with the result. For example a crogs-

value and assume a U-shaped dlstrlbutlon when calculatlng the standard uncertalnty

To add a signal of 0 dB to another of —14 dB, first convert to relative voltages by dividing by 20
and taking the anti-log. Then add the smaller signal to the unity signal. Take the log and
multiply by 20. The result is the positive decibel error. Repeat, but subtracting the smaller
signal from the unity signal to give the negative decibel error.
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For the purpose of calculating the uncertainty of the result of a radiated emission, if the signal
level measured in one polarization exceeds the signal measured in the orthogonal polarization
by 6 dB or more, then an LPDA whose cross-polar discrimination is only 14 dB will have been
deemed to have met the specification of 20 dB. If the difference between the VP and HP signal
levels is less than 6 dB, additional uncertainty must be calculated if the sum of this difference
and the cross-polarization is less than 20 dB.

4.5

Frequency range 300 MHz to 1 000 MHz

451 Electric antenna

5.2 Complex antenna

dipole antenna is used, it shall meet the requirements of 4.4.1.1 and 4.4.2.

ince, at the frequencies in the range 300 MHz to 1 000 MHz, the ¢

ole antenna is low, a more complex antenna may be used. S
OWS.

The antenna shall be substantially plane polarized.
manner as for the balance of a simple dipole antenna

The main lobe of the radiation pattern of the antenina

antenna shall be checked in the horizontal plane while orienting it

ple
as

me

the
do

irect

st.
for

tion. It shall be assumed that the pattern and, in particular, the angylar

aperture 2¢ 1¥'the same when horizontally polarized as when measured with the vertical

polarization.
It is essential that the variation of the effective distance of the antenna from the sou

[ce

and-its gamm withfrequency betakenmimtoaccount:

c) The voltage standing-wave ratio of the antenna with the antenna feeder connected and

d)

measured from the receiver end shall not exceed 2,0 to 1.

A calibration factor shall be given making it possible to fulfil the requirements of 4.1.


https://standardsiso.com/api/?name=1f3c4dcdceec9e8b11117627f5b5770d

CISPR 16-1-4 © IEC:2007 -31-

4.6 Frequency range 1 GHz to 18 GHz

Radiated emissions measurements above 1 GHz shall be made using calibrated, linearly
polarized antennas. These include double-ridged guide horns, rectangular wave guide horns,
pyramidal horns, optimum gain horns and standard gain horns. The "beam" or main lobe of the
pattern of any antenna used shall be large enough to encompass the EUT when located at the
measuring distance, or provisions shall be made for "scanning" the EUT to locate the direction
or source of its radiated emissions. The width of the main lobe is defined as the 3 dB
beamwidth of the antenna, and information enabling the determination of this parameter should
be given in the antenna documentation. The aperture dimensions of these horn antennas shall
be small enough so that the measurement distance R, in metres is equal to or greater than the
following minimum distance:

Ry = D2/22
where

D |is the largest dimension of the aperture in metres of the antenna;

A |is the free space wavelength in metres at the frequency of measure

In |case of dispute, measurements made with a standard g imjlar
prgcisely calibrated horn antenna shall take precedence.

NOJE Any calibrated, linearly polarized antenna, e.g. a log périodic dipgle a 8 ese
megsurements. The gain of many antennas other than horn ant i R a i e if
the|antennas are used with spectrum analyzers or older padjo, nojse the
ovefall measurement sensitivity is at least 6 dB a i i , |gnd
thal any means used to improve sensitivity, e.d. a preamplifter, does ot'6a j ion, i i , her
ovefload problems. Since a log periodic dipole'a , ilons
frorp the ground plane may cause significant errorN 8 a 7 i iodic di .
4.7

4.7.1

In |the frequency range ™9 z he—irfterference capability of the magnetic field

component of the~radiation of™a sin ) can be determined by using a special lgop
anfenna system . ‘ this capability is measured in terms of the currents induged
d i Q 3

by the magnetic fie

The LAS consists\of ¥ 3, mutually perpendicular large-loop antennas (LLAs), havjng

a diameter o ' by a non-metallic base. A full description of the LAS is givern in
Anhex C.

The EUT i ti inthe centre of the LAS. The maximum dimensions of the EUT fare
limjited so tha istance between the EUT and an LLA is at least 0,20 m. Guidelines for the

rodting of signal cablés are given in Clause C.3, Note 2, and Figure C.6. Cables should|be
royted together and leave the loop volume in the same octant of the cell and no closer than
0,4 m_to\any of the LAS loops.

The three mutually perpendicular LLAs allow measurement of the interference capability of all
polarizations of the radiated field with the prescribed accuracy, and without rotation of the EUT
or changing the orientation of the LLAs.

Each of the three LLAs shall comply with the validation requirements given in Clause C.5.
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NOTE Circular LLAs having a diameter different from the standardized diameter of 2 m may be used, provi

ded

their diameter D < 4 m and the distance between the EUT and a LA is at least 0,10(D) m. Correction factors for non-

standardized diameters are given in Clause C.6.

5 Test sites for measurement of radio disturbance field strength
for the frequency range of 30 MHz to 1 000 MHz

An environment is required which assures valid, repeatable measurement results of disturb-

ance field strength from equipment. For equipment which can only be tested in its place of u
different provisions have to be utilized.

se,

5. Open area test site

Open area test sites are areas characteristic of cleared level terrain
void of buildings, electric lines, fences, trees, etc. and free from un
etd., except as required to supply and operate the equipme
Anpex D for specific construction recommendations for open aré
field tests in the range of 30 MHz to 1 GHz. The site validation prce
sitg¢s is given in 5.6 with further details in Annex E. Annex ihs-t

5.4 Weather protection enclosure

Wagather protection is desirable if theg d@xouout the year. A weather
prdtection structure could either prote chuding EUT and field strength
measuring antenna or the EUT only. atex hall be RF transparent in orden to
cayise no undesirable reflections and atteruation of the field from the EUT

The structure shall be shaped to allow & \ fsnow, ice or water. For further details,
se¢ Annex D

5.3 Obstruction-fr

Fof open area i g on-free area surrounding the EUT and field-strength
mgasuring antenna i psStruction-free area should be free from significant
scatterers of eleckroms i 'Ids ahd should be large enough so that scatterers outside fhe
obstruction-free 8 ¢ effect on the fields measured by the field-strength
measuring a \ ine the adequacy of this area, site validation tests should|be
performed

Sirjce the ma 3 ¢ field scattered from an object depends on many factors (size of the
object, distance e EUT, orientation with respect to the EUT, conductivity and permittiyity
of the objeCt) frequency, etc.), it is impractical to specify a reasonable obstruction-free afea
whjch is_fecessary and sufficient for all applications. The size and shape of the obstructipn-
frep ared are dependent upon the measurement distance and whether or not the EUT will|be

ted. If the S|te is equped W|th a turntable, the recommended obstruct|on free area is

twice the measurement distance and a minor axis equal to the product of the measurement

distance and the square root of 3 (see Figure 2).
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For this ellipse, the path of the undesired ray reflected from any object on the perimeter is
twice the length of the direct ray path between the foci. If a large EUT is installed on the
turntable, the obstruction-free area must be expanded so that the obstruction clearance
distances exist from the perimeter of the EUT.

If the site is not equipped with a turntable, that is, the EUT is stationary, the recommended
obstruction-free area is a circular area such that the radial distance from the boundary of the
EUT to the boundary of the area is equal to the measurement distance multiplied by 1,5 (see
Figure 3). In this case, the antenna is moved around the EUT at the separation distance.

drdinage are acceptable. The flatness of the metallic ground plane, if used, is discussed in
Clguse D.2. Measuring apparatus and test personnel should be situated o on
frep area.

Thg terrain within the obstruction-free area should be flat. Small slopes needed for adeqlzfte

desthe obsiruc

5.4 Ambient radio frequency environment of a test site

The ambient radio frequency levels at a test site shall be sufficié
of measurements to be performed. The quality of the site j i
fodr categories, listed below in their order of merit:
a) [the ambient emissions are 6 dB or more below the
b) |[some ambient emissions are within 6 dB of the

c) | some ambient emissions are abov€é the Sure e.,
sufficiently long in time between transmjs: or

d) [the ambient levels are above the SN the

The selection of a test
given the environment

accuracy of the measurement is maintained
ing skill available.

NOJ'E For perfect @ e elow the emission level measured is recommended.
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Major diameter = 2R

/// Minor diameter = R&S \\\

/ \
I/ \\
~R2—(X)=— R RI2—]
\ Antenna Test sample /

AN

Boundary of EUT
!
/
/
/
/
/
/
//
Boundary of obstruction-free Ve
area 7
7
7
7
7
\\\ ///
S~ ____——- = Boundary of area

IEC 081/07

Figure 3 — Obstruction-free area with stationary EUT (see 5.3)
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5.5 Ground plane

The ground plane may be composed of a wide range of material from earth to highly
conductive, metallic material. The plane can be at earth level or elevated on a suitably sized
platform or roof site. A metal ground plane is preferred, but for certain equipment and
applications, it may not be recommended by certain product publications. Adequacy of the
metal ground plane will be dependent on whether the test site meets the site validation
requirements in 5.6. If no metallic material is used, caution is required to select a site that does
not change its reflective characteristics with time, weather condition, or, due to buried metallic
material such as pipes, conduits, and non-homogeneous soil. Such sites generally give
different site attenuation characteristics compared to those with metallic surfaces

5.4 Open area site validation procedure

The validation procedure and the requirements for the normalized site”at i i bere
arg used to qualify a test site when a metallic ground plane is spegified. est sites,
the validation procedure is of an informative nature, and will in genera ify possible
sit¢ irregularities that should be investigated. Validation proce
lingd rooms are given in subclause 5.8.

The ally
an en
are a
tra na
ter for
ca mit
an 8" then divided by the produc{ of
thg antenna factors for the two antenfias used\JI's ulting answer is the normalized gite
attenuation (NSA) and is expressed |n . (The_site\i msidered suitable when the measufed
veltical and horizontal N dB the ‘walues given in Tables E.1, E.2, and B.3,

as|appropriate. the test site must be investigated per

Clquse E 4.

NO['E The basis fo

The deviation betweg \ lue and the theoretical value shall not be used ap a
cofrection for a me EURKfield stsehgth. This procedure shall be used only for validating a
te

Ta hahd antennas such as biconical and log periodic arrays bpth
hofizont aligned with respect to the ground plane. Table E.2 is for tuned half-
waje dipo 8 horizontally with respect to the ground plane. Table E.3 is for tuned
half-wave dipotes vertically aligned with respect to the ground plane. Note that in Table B.3,
thgre are restrictions in the scan height hy. This takes into account the fact that the lowest|tip
of the receive dipole is kept 25 cm or more from the ground plane.

NOTE~_The reason for the different Tables E.1 and E.2/E.3 is that different geometrical parameters are chosen for
a bjoadband antenna and a tuned half-wave dipole, primarily because of practical restrictions needed for the latter.
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* For 30 m separation distance IEC 083/07

Figure 5 — Configuration of equipment for measuring site attenuation
in vertical polarization using tuned dipoles (see 5.6 and Annex E)
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NSA for frequencies other than those shown in the tables may be found using straight-line
interpolation between the tabulated values.

The legend for each table is as follows:

Horizontal separation distance between the projection of the transmit and receive antennas

on the ground plane (metres).
Height of the centre of the transmit antenna above the ground plane (metres).

Range of heights of the centre of the receive antenna above the ground plane (metres).

NO
of t

Iti
me

measured NSA should readily be within +4 dB of that sho
redheck measurement technique, instrumentation drif
+41dB criterion is still exceeded, a significant site anoma
apparent and corrective action taken before proceeding 0
measurement.
5.4.1 General NSA measurement
Fof each polarization measurement, the NSA pro equires two different measureme
of [VrR which is the voltag The reain of VR is with the two coaxial cab
disiconnected from the twg nd\connedgted to each other via an adapter. The secq
redding of VR is taken with i gs reconnected to their respective antennas and
mgximum signal measure sterna is scanned in height. (1 m to 4 m for 3
and 10 m separation di n to4m or 2 mto 6 m for the 30 m separatig
Fof both of the source voltage, V;, is kept constant. The f
redding of VR is ta MpyreCT. @and, the second is Vg Te. These are used in the follow
Eqpation (1) for thenn Aall terms are in dB.

RIRECT — VsITE — AFT — AFR — AAFTOT
where
AF
AFk is the/rese antenna factor;
AAFo7 . is-the mutual impedance correction factor.

No

The maximum received-sianal in this heiaht scan ranae is used for NSA measurements
~J ~J J

Frequency in MHz.
NSA (see Equation (1), below).

ane

re-
the
ot,
the
dily
SA

nts
les
nd
the

rst
ing

(1)

fe“that the first two terms represent the actual measurement of site attenuation, i.e., Vpred

T —

Vs

+ ¢ 4lo 1 : 1 + £ HY 44 FH ot ol o P Y D N 4lo + i 1
TE T TYUAD TU UIT LiaosolLal VITW UT STIT dllTTiuatiull, WITICTT To CUTISHIIUTTU Uy 1T TTToTTUUTI TOSS

of the propagation path with the inclusion of the properties of the two antennas used.
Theoretical values for AFtoT are given in Table E.4. AFt and AFR shall be measured.

Note that: VpjrecT = V| — C1 - CRr

where

Ct and CR are the cable losses which do not need to be measured separately. The mutual
impedance correction factor in Table E.4 applies only to the recommended site geometry of
3 m separation, horizontal polarization and the use of half-wavelength tuned dipoles.
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To accomplish these NSA measurements, two techniques can be used, depending on the
instrumentation available and whether a broadband or tuned dipole is used. Both methods give
essentially equal results if used correctly as outlined in Annex E. Briefly, each method is
described as follows:

a) Discrete frequency method
For this method, specific frequencies given in Tables E.1, E.2 or E.3 are measured in turn.
At each frequency, the receive antenna is scanned over the height range given in the
appropriate table to maximize the received signal. These measured parameter values are
inserted in Equation (1) to obtain the measured NSA. Annex E contains a suggested
}JlUbUdulU appluabh tU IUbUId thc ddtd, bd:bu:dtc thc |||caau|cd IAV'SA, aIICIl thcll cullrpare |t
with the theoretical NSA.
b) | Swept frequency method
For this method, measurements using broadband antennas may b
measuring equipment having a peak hold (maximum hold), a
tracking generator. In this method, both antenna height and or
swept over the required ranges. The frequency sweep speed the
antenna height scan rate. Otherwise the procedure is_the sameQa iled
procedure is given in Annex E.
5.4.2 Antenna factor determination
Acgurate antenna factors are necess general, antenna factprs
prqvided with the antenna are inadequ : : catly or individually measurgd.
Linearly polarized antennas are require eful aptenna calibration method is containeq in
Anhex E. Manufacturer's antenna factor s€s due to the balun among other
fegtures. If a separate balun or any intggra 8 ables are used, their effects must|be
ac -wavwve dipgles is also contained in Annex E.
5..3  Site attenuatiqn de

heasurements
measurement prog

fe that\since the vertical polarization is generally the more critical measurement, §
bmalies should be investigated using this more sensitive measurement rather than

Site
the

izontal polarization results. Key items to investigate include:

a)
b)
c)

ground plane size and construction inadequacy;
objects at the perimeter of the site that may be causing undesired scattering;

all-weather cover;
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d) ground plane discontinuity at the turntable circumference when the turntable surface is
conductive and at the same elevation as the ground plane;

e) thick dielectric ground plane covers;
f) openings in ground plane for stairways.

5.7 Test site suitability with ground-plane

There are many different test sites and facilities that have been constructed to make radiated
emission measurements. Most are protected from the weather and the adverse effects of the

ragto v oG a wWwea OV C—OP€E a a - arcapsorner-

ling
Whenever construction material encloses a test site, there is the possibility g fa
single normalized site attenuation (NSA) measurement, as specified i to

show such alternative site suitability.

ed
SA
an

To|assess alternative test site suitability, the following procedure is
on|making multiple NSA measurements throughout a volume& ogcypie
mgasurements shall all come within the error budget of
equivalent to an open area test site.

The discussion in this section concerns alternatij nd

plane.

571

Fof an alternative test site a single ble

reflections from the const ing
of the facility. For these sit i \C st
eqlipment or system tp\be te SN 3 % ch

as|by a turntable, In|evalla in
Figures 6a and ' [ Nupy ts,

i.e] five position ith
res ng
ant m
ho

Th ¢d
wit ed

wit

For vertical polarization, the off-centre positions of the transmit antenna are at the periphery of
thg testwolume. Furthermore, the lower tip of the antenna shall be greater than 25 cm from [he
flopr~which may require the centre of the antenna to be slightly higher than 1 m for the lowgest
heighVmeasurement.

For horizontal polarization measurements in the left and right positions if the distance between
the construction and/or absorbing material on the side walls and EUT periphery is less than
1 m, the centre of the antenna is moved towards to central position so that the extreme tip of
the antenna is either at the periphery or distant from the periphery by not more than 10 % of
the test volume diameter. The front and rear positions are at the periphery of the test volume.
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The number of required measurements can be reduced under the following circumstances.

a)

b)

The vertical and horizontal polarization measurements in the rear position may be omitted if
the closest point of the construction and/or absorbing material is at a distance greater than
1 m from the rear boundary of the test volume.

NOTE Radiated emission sources located near dielectric interfaces have been shown to have variations in

current distribution that can affect the radiated properties of the source at that location. When EUT can be
located near these interfaces, additional site attenuation measurements are required.

The total number of horizontal polarization measurements along the test volume diameter
joining the left and right positions may be reduced to the minimum number necessary for

NO

5.7

me
the

tha-antanna footnrinte to cover Q0 9% aof tha diamatar
tHEe—aH e HHa1Ho- Ot P H SO0 e o—7F— O+t e-aiaHete+-

The vertical polarization measurements at the 1,5 m height may be omitted if the top~of the
EUT, including any table mounting, is less than 1,5 m in height.

including table if used, horizontal polarization measurements
centre, front and rear positions but at the height of both 1 m g
applies, the rear position may be omitted. This will »r
measurements: four positions vertical polarization (left,
height, and four positions horizontal polarization (ce
Figures 6¢ and 6d.

held constant according to Tables 1 and 2. Not to
accommodate these NSA measurements by add ght
and to limit the 30 m scan height 0 b : be
moved to maintain the appropriate separa i ee

ing
ts

easure

of 5.7.2 and the ground plane requiremsé of\5\7. .
[E Studies are underway tg srmine if a he sts are’yequired to show alternate test site suitability.

.2 Site attenuatjon
measuremen@ 5 i acceptable for radiated electromagnetic field
m

asurements if the horizontal’and vertical NSA measurements are within +4 dB of

anfenna, and
no|holes orgaps™k

theoretical notr

.3

ond & is required at a radiated emission test site. The conducting groynd
ne sha m beyond the periphery of the EUT and the largest measuremgnt

aVer the entire area between the EUT and the antenna. It shall be of metal with
aving longitudinal dimensions larger than one-tenth of a wavelength at the

highest freqliency of measurement. A larger size conducting ground plane may be required if

thg NSAimeasurements do not meet the =4 dB criterion.

NOILE=0Ongoaing studies may indicate the need for specifying minimum conductive ground plane size
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_4m

Scanned 1mto4m

in height ™

Antenna to be relocated
to maintain constant \/ -

distance R

P = periphery of EUT as it is rotated through 360°
h1=1mand1,5m

R = distance maintained between the vertical projection
of the centre of the transmit and receive antenna

IEC 084/07

or.alte /e test site —
asurements

Figure 6a — Typical anteqna pQsi
Vertical polari

Antenna to be
to'maintain constant
distance R

P = periphery of EUT as it is rotated through 360°
hi1=1mand2m

R = distance maintained between the vertical projection
of the centre of the transmit and receive antennas IEC 08507

Figure 6b — Typical antenna positions for alternative test site —
Horizontal polarization NSA measurements
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Scanned 1mto4m
in height

Antenna to be relocated
to maintain constant
distance R

R = distance maintained between the vertical projection
of the centre of the transmit and receive antennas

IEC 086/07

that may ¢gause undesiralle reflections

Antenna,to-be
to maintain con
distance R

R = distance maintained between the vertical projection

of the centre of the transmit and receive antennas
IEC 087/07

Figure 6d — Typical antenna positions for alternative test site —
Horizontal polarization NSA measurements for an EUT that does not exceed a volume
of 1 m depth, 1,5 m width and 1,5 m height, with the periphery greater than 1 m
from the closest material that may cause undesirable reflections

Figure 6 — Typical antenna positions for alternative test sites


https://standardsiso.com/api/?name=1f3c4dcdceec9e8b11117627f5b5770d

CISPR 16-1-4 © IEC:2007

(recommended geometries for tuned half-wave dipoles with horizontal polarization)

— 55 -

Table 1 — Normalized site attenuation

Polarization Horizontal Horizontal Horizontal
R 3m 10 m 30 m
hy 2m 2m 2m
h» Imto4m I1mto4m Imto4m
fn AN

MHz B
30 11,0 24,1 41,7
35 8,8 21,6 39,1
40 7,0 19,4 AN g
45 5,5 17,5 /] NS
50 42 15,9 \ 329/
60 2,2 131 N\ 298
70 0,6 100 O\ 272
80 07 , SNON NS 2409
90 1,8 [ 582 P 23,0
100 2,8 NN 21,2
120 4.4 Qe 18,2
140 58\ , 15,8
160 67 (| NN 23 13,8
180 72\ \L 1,2 12,0
200 N \[-84 R YEE 10,6
250 ~10(p / 1,7 7.8
300 /N > N24 3,3 6,1
400 Do N\ethe N 58 3,5
500 A OB 7,6 1,6
600 \ N 93 0
700 N\ 19,7 10,6 1,4
A\ Yoo\ 20,8 11,8 25
oo NN KN 218 ~12,9 3,5
1000 227 138 45
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Table 2 — Normalized site attenuation*
(recommended geometries for broadband antennas)

Polarization Horizontal Horizontal Horizontal Vertical Vertical Vertical Vertical
R 3m 10 m 30m 3m 3m 10 m 30m
h 1m im im im 1,5m 1m im
hs I1mto4m Imtod4m Imtod4m Imtodm |1mtodm|Imtodm|lmtodm
fm AN

MHz dB

30 15,8 29,8 47,8 8,2 9,3 16,7 26,
35 13,4 27,1 45,1 6,9 8,0 5.4 24.f
40 11,3 24,9 42,8 5.8 7, 14, 23k
45 9,4 22,9 40,8 4,9 AN | \132 22,6
50 7.8 21,1 38,9 4,0 Nga\ A3 21.b

60 5,0 18,0 35,8 2,6 0,7 20
70 2,8 15,5 33,1 18 j\t\i\ \\1;,4> 18,7
80 0,9 13,3 30,8 e N o\oy 8,3 17,5
90 ~0,7 11,4 28,8 A0y PN \{1) 73 16,p
100 -2,0 9.7 27 (AN N\ 19 6.4 15,5
120 4,2 70 < TR RNEE 4,9 14,p
140 6,0 48 N\ 22 18 -15 3,7 12,
160 ~7.4 3,1 19 N7 -3,7 2,6 11,5
180 8,6 1,7 7 4,3 53 1,8 10,
200 96 6 153\ 36 6,7 1,0 9.k
250 17| 16O\ Xe S | 77 9,1 0,5 7.7
300 198N | >3 8 -10,5 -10,9 1,5 6,p
400 N 5.9 46 ~14,0 ~12,6 4,1 3b
500 AVS N7 1,8 —16,4 15,1 6,7 2.k
600 N9, 2 0 16,3 ~16,9 8,7 ok
700 206 8 1,3 ~18,4 -18,4 -10,2 0B
809" ™\ RS 12,0 2,5 20,0 ~19,3 11,5 Ry
900 O\22s -12,8 3,5 —21,3 -20,4 ~12,6 )
1000 <23.5) ~13,8 4.4 22,4 _21,4 ~13,6 35

* [This data=applies to antennas that have at least 25 cm of ground plane clearance when the centre of the
antennasis 1 m above the ground plane in vertical polarization.

5.8

Test site suitability without ground-plane

The procedure for test sites without ground-plane in the frequency range 30 MHz to 1 000 MHz

is as follows.
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5.8.1 Measurement considerations for free space test sites, as realized
by fully absorber-lined shielded enclosures

A fully absorber lined shielded enclosure, also known as a fully anechoic chamber (FAC), or a
fully anechoic room (FAR), may be used for radiated emission measurements. When the FAR
method is used, appropriate radiated emission limits shall be defined in relevant standards
(generic, product or product family standards). Compliance with the radio services protection
requirements (limits) shall be established for FARs in a similar way as for tests on an OATS.

A FAR is intended to simulate a free space environment such that only the direct ray from the

Smittire—anterha—o -, eaches—the—recetrine—antenna—~A irdirect—and—reflected—wayes
shall be minimized with the use of appropriate absorbing material on all walls, the ceiling,and
thg floor of the FAR.

5.4.2 Site performance

Site performance may be validated by two methods which are_d ibed QW he site
reference method and the NSA method.

5.8.2.1 Theoretical normalized site attenuation

40 /\f\ /(7/\
TR

30

/ 1/

TR
N
N \\\\)?\
10 AN (] S N
\\§ \\\
N
%@ Y ™S N 30m
& N
z NN ™~ ™~
10 \ ™S SN Ty tom
™~ \\ \\\
N 5m
\\\ 3
_g ‘\> m
230
—40
750
10 100 1000

Frequency MHz
IEC 266/04

Figure 7 — Graph of theoretical free-space NSA as a function of the frequency for
different measurement distances (see Equation 4)
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NOTE Frequencies below 110 MHz for 3 m measurement and below 60 MHz for 5 m measurement distances
include near field effects. These must be calculated for each individual test site.

The following describes the NSA theory for infinitely small antennas.

Site attenuation (SA) is the transmission loss measured between the connectors of two
antennas on a particular site. For a free space environment, SA (in dB) can be approximated

by

Equation (2)1)

I ]

57
SA = 20log,, ( 0 j d —20logof,, + AFg + AF. )
2n J 1 1
- +
(Bd)*  (Bd)"
where
AFR, AFt are the antenna factors of the receive and transmj
d is the distance between the phase centres of’both_ant
Zy is the reference impedance (i.e. 50 Q);
I is defined as 2w /4; and
i is the frequency in MHz.
The theoretical normalized site attentatio in.dB fined as site attenuation with
res :
—20log1ofm, 3)

Be 0 MHz at a 3 m distance, it is necessary to apply near
fiel he required test positions of Table 3 for comparison with the
the Equation (2). Near field correction factors are specific to the
anf gst volume used, and therefore must be obtained by using a
nu ica >q8]li code uch as NEC. Alternatlvely, the site reference method of 5.8.2.p.1
prtr i fnear field terms if the same antennas and frequencies are used [for
bo measurement and FAR validation
Fof measurement distances of 10 m and 30 m, the near-field terms in Equation (3) may|be

orrlitted, and the equation simplifies as follows:

NSAcac = 20|0910{ S
2n

:l - 20|Og1 Ofm

1) Reference: GARBE, H. New EMC Test Facilities for Radiation Measurements. Review of Radio Science

1999-2002. John Wiley & Sons, New York, 2002.
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If simplified Equation (4) is used instead of Equation (2), the error introduced is less than 0,1dB
at frequencies above 60 MHz for 5 m distance and above 110 MHz for 3 m distance. The error
will be >0,1 dB below these frequencies due to near-field effects. For a 3 m distance, the
maximum error is 1 dB at 30 MHz. To reduce this error Equation (2) should be used.

5.8.2.2 Site validation procedure

The NSA shall satisfy the requirement of 5.8.3 over a cylindrical test volume generated by the
rotation of the EUT on the turntable. In this context “the EUT" includes all components of a
muIt| un|t EUT and the mterconnectlng cables. Table 3 deflnes the maX|mum he|ght and
di

diameter and test dlstance ensures an acceptable uncertamty in EUT emissions testmg

[
50 AL

Table 3 — Maximum dimensions of test volume versus te istan
Maximum diameter d Test distanc
and height h,,, of the test Dromifial
volume
m /\{K AN
1,5 280
25 ~ 50 >
/90

A gingle position SA (site attenuation)
reflections from the room construction{and
and turntable of the FAR.

t¢may not be sufficient to pick up possiple
ing mpaterial lining the walls, floor, ceiling

The fully anechoic roo e d validation shall therefore be performed at|[15
measurement positions fort i taI and vertical antenna polarizations of the transmit
anf{enna in the t }

— |at five positioqs 8 ee horizontal pIanes centre, left, right, front and rear positiong in
each hori e [ position may be omitted if the distance between rear
position gnd ahgorh ore than 0,5 m. During EUT testing, the rear position on fthe
turntable is N the front, and the contribution of the back reflection will then pot
affe QaXi i

Fof SA measurements two broadband antennas shall be used: one transmit antenna with|its
reference point a measurement positions of the test volume and one receive antenna
oufside this*test volume at a prescribed orientation and position. The transmit antenna shall
haye .anYapproximately omni-directional H-plane pattern. (The maximum dimension shall pot
ex¢eed 40 cm for a 3 m test distance; at larger distances, the size of the antenna can|be
scdated—accordingly):

Typical receive antennas are hybrid (biconical/lLPD combination) antennas for 30 MHz to
1 000 MHz, or separate [biconical antennas (for 30 MHz to 200 MHz) and LPD antennas (for
200 MHz to 1 000 MHz)].

NOTE Use of a hybrid (biconical/LPD combination) antenna is not recommended for either emission testing or
chamber validation at 3 m distance, due to the large physical size of such antennas.
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The same antennas, cables, ferrites, attenuators, amplifier, signal generator and receiver used
to measure the SA of the FAR, shall be used to measure the reference SA on the quasi-free
space test site (5.8.2.2.2). The receive antenna used during the room validation shall be of the
same type as used during radiated emission testing of the EUT.

For test volume validation both in horizontal and vertical polarization, and for all transmitting
antenna positions in the test volume, the position in height of the receiving antenna in the FAR
shall be set and remain at the fixed middle level of the test volume, as shown in Figures 8
and 9. Tilting the antennas shall be necessary to align the bore sight axis of both antennas in
one measurement axis. The distance between the antenna reference point (defined in antenna

calf
mdved to other positions in the test volume, the receive antenna shall be translated along
measurement axis to maintain d,,gmina- The measurement axis is the line between the(trans

an

redeiving and the transmitting antenna must face one another with
anfennas parallel (tilting, see Figure 9). Any antenna masts and the

nominal- 9

S
the
mit
the
pth

be

in place during the validation procedure.
Top view
7
4p cm
(fhax.)
Side view
b pm—
—=3—. Bottom (hy)
_______ P —
Key
® Measure at this location in dnominal  Fixed distance between the reference
vertical and horizontal polarization points of the antennas

Figure 8 — Measurement positions for the site validation procedure

IEC 267/04
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For all positions of the transmitting antenna in the test volume, in both horizontal and vertical
polarizations, the transmitting and receiving antennas shall be aligned on the measurement
axis.

Tilting the antennas is necessary to meet this requirement at certain positions (see Figure 9).

d

nominal

is the test distance associated with the limit;
is the fixed antenna distance in the validation procedure;
is the antenna separation in the antenna calibration procedure.

The transmit antenna height position in the test volume shall be determined as follows:

Th
dis
giv|
0,5

"Middle" where possible along a virtual axis positioned at mid-height and mid-width~of
FAR;
“top (hy)" and “bottom (h,)“ by half of h,,, (see Table 3) minus half ot it antern

dimension (e.g. 20 cm for small biconical antenna).

bse adjusted positions shall be used for both vertical and hgrizontal \Qolarizatigns. T
tance between the top and bottom planes and the ceiling and spectivel
en by the absorber performance as determined by the but at le
m, to avoid EUT to absorber coupling.

Top view

Back

9,

Side view

/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/

~<
-~
-
-
~~
-~

the

na

he
is
ast

Middle -
———————— _.__———*\\\
= ° = Bottom (hp)
_______ P—

IEC 268/04

NOTE Antenna polarization horizontal, position top right.

Figure 9 — Example of one measurement position and antenna tilt
for the site validation procedure
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The maximum step size for the discrete-frequency measurement shall be as listed in Table 4:

Table 4 — Frequency ranges and step sizes

Frequency range Maximum frequency step
MHz MHz
30 -100 1
100 — 500 5
500 — 1 000 10

Two methods are permissible for site validation:

a) |the site reference method, which is required for test distances le§s thar

b) [the NSA method, which is preferred for test distances greater tha

The SA measurement methods are intended to provide 0
idelal site. Any methods may be implemented to decrease

an
as

thgse do not contradict the defined set-up and proced .g.

smloothed resonances.

Site validation measurement uncertai

— |For a vertically-polarized antenna, 2m
behind each antenna before droppi P . If possible, cables shall
extend straight back to the bulkhead lity
is the use of clip-on fegrite of
cables is through the

— | Attenuators at the a 2 . B or 10 dB) will reduce the influence of any

than £0,5dB w
Antenna balang

ted through 180° with respect to its bore sight a
are described in 4.4.2).

large impedance \ .
— |Antennas wid balanée ofithe balun’shall be used (the receiver reading changes l¢ss

S.

— | Separate biconca a d [ erinas for chamber evaluation may be used (antenna typ¢ is
changed ¢at : hese will be used for EUT testing. A hybrid (biconical/LPD
combipatio 8 is a.€ombination of these two types and may be used as well if fhe
mecKkani nsions\are sufficiently small for the measurement distance.

The FAR sitexwdlidation procedure shall be performed at regular intervals, to detect long-tgrm

chT/nges ingfgom
wale transmission characteristics in the fully anechoic room occur.

sharacteristics, and when changes that might influence the electromagnétic
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5.8.2.2.1 The site reference method

SA measurements with the antenna pair (transmit and receive antenna) on a quasi-free space
test site are required as a reference. The procedure for determining this reference site
attenuation (SA,4¢) is described in 5.8.2.2.2. This method accounts for mutual coupling of the
antennas and near field effects, which can have a significant influence at 3 m test distances.
The reference site attenuation SA,.(d) is performed at the nominal distance, d,gmina;, Petween
the transmit and receive antennas.

The site validation procedure for each test volume position is performed in three steps.

1) [MO is the reference level measured by the receiver in dBuV with the cables connected
together, normally done once before a series of volumetric tests.
2) |M1 is the level measured by the receiver in dBuV with antennas insts
The site attenuation of the validated site SA, ;| can be calculated
SAy5 =MO-M1 indB (5)
3) | The deviation of the measured site attenuation (ASA) frg attenuatjon
SA,¢(d) is calculated using Equation (6).
ASA = SA (d) — SA,, (6)
5.4.2.2.2
Fof accurate site validations at distances less airs
of pntennas be used to determine the site re asi-
frep space test site is required stic
with €, < , ich
allpw the placement of an ne
possible method of realization the

he

where d is the anten

A

abs

NO
0,8
refe
gro

The
FA

ind.

b distance shall be equal to the actual distance d

| between the antennas used in
RCThe antennas are polanzed vertlcally (honzontal polanzat|on shall not be used beca

nomina

of

ftial

rof

of free-space. The clearance from buildings, trees etc shall be greater than d x 8/3 because
there may be an influence for vertically polarized antennas.

Care has to be taken that the antenna feed cables do not affect the test result. This is best
avoided by a cable arrangement as shown in Figure 10, or using RF-optical links.
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The quality of the reference set-up directly influences the FAR evaluation result.

The site reference (SA,¢) is determined in 3 steps, as follows.

1) MOgg is the reference level measured by the receiver in dBuV with the cables connected
together.

2) M1gg (d) is the level measured by the receiver in dBuV with the antennas installed at the
required distance dpgminal-

3) The SA,. (d) is calculated according to Equation (8)

Fof 3 m site validation a height of at least 4 m above ground shall be
capability of remotely controllable antenna masts that are used for em;
thi$ case, electromagnetic absorbers shall be placed on the ground
thg absorber patch extending for a minimum area beyond the antenrnas\in
myst be proven that quasi-free space condition, as defined/i i
valjdation with d > 3 m, the equation h > d x 8/3 is used, or a
demonstrated to fulfil the +1 dB reference site attenuation.

dnominal

Network analyser

IEC 269/04

Key
d.ohifgn validation distance
h height of the antennas above a ground plane or above ground level

ct, cr coaxial feed cables for transmit and receive antenna oriented horizontally behind the antenna for a
distance as close to 2 m as physically possible. In a FAR, route the cables horizontally as far as possible,
preferably straight through a hole in the chamber wall, or use optical fibre connected to an RF-optical link
on the output of the antenna.

NOTE Site reference is obtained separately for all geometries of Figure 10.

Figure 10 — Typical free-space site reference measurement set-up
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5.8.2.2.3 The NSA method

The free space antenna factors of the transmit and receive antenna (defined by antenna
calibration clauses of the CISPR 16 series) are required for this procedure. The site validation

for
1)
2)
3)

each measurement position is performed in 4 steps as follows.

MO is the reference level measured by the receiver with the cables connected together.
M1 is the level measured by the receiver with the antennas installed.
The measured NSA (NSA,,) is calculated in dB according to Equation (9)

NO
cali

an

5.8

AT

5.9

5.9.

A

me
infl
(5.
10
me

phdse centre positions. The transmission loss shall be compeg o eratio of the effective distancg

NSA = M0 —MT—AF; = AFg 1 dB

where AF; and AFg are free space antenna factors in dB/m.

The deviation ANSA is calculated in dB according to Equation (10)
ANSA = NSA,, — NSA

where NSA_, is calculated using Equation (4), and ANSA i
NSA criterion, e.g. 4 dB, as specified in 5.8.3.

calc

E The distance d between the reference points of the transmit®a
pration) must be used as d,ominal. The effective distance between

hinal-

.3 Site validation criteria

must be rep

©)

10)

ble

nna
heir
to

for
nd

ns
gth

NO

measuremen

Evaluatior o
1
set-u fied in Clause D.5 typically positions the EUT for field strength
asurements . AY 3 , construction and material permittivity of the set-up table ¢an
uence thefield strength measurement results (see Bibliography). The following subclayse
D.2) describes a~procedure to determine the influence of the set-up table for the 30 MHZz to
00 MHz-frequency range and to estimate its related uncertainty contribution to field strength
asurements.
E—Only—horizontalpolarisation—ofa—transmitantennra—above—the—setup—tableis—used—inthe—evaluation— his

polarisation accounts for the worst-case effects from the table.

The antenna tower does not require additional evaluation because any perturbation effects will

be

included in the NSA measurement.


https://standardsiso.com/api/?name=1f3c4dcdceec9e8b11117627f5b5770d

CISPR 16-1-4 © IEC:2007 -77 -

5.9.2 Evaluation procedure for set-up table influences (table-top equipment)

The type, shape, and component materials of a set-up table may affect the field strength
measurement results. An evaluation procedure shall be performed to determine these effects,
and to estimate the standard uncertainties caused by the table. To evaluate set-up table
influences, two transmission measurements are performed with a specific transmit antenna in a
specific arrangement with and without the set-up table. This difference between the
measurement results with and without the set-up table gives an estimate of the influence
caused by the set-up table. The measurement procedure is as follows:

The st
dimpension (i.e. the d|agonal for a set-up table W|th a rectangular top, or the radlus for a table
with circular a top) facing the receive antenna direction (see Figure 11 the frequency

an 0,40 n is

placed above the set-up table in horizontal polarization. The distance 6 surfacq of
thg set-up table and the balun centre is 0,1 m (see Figure 12). The i al antenna is
positioned with the reference point (balun) midway between the centre the edge of fhe
sefup table top in the direction of the receive antenna. A signa ] IAS th& transmit
ani{enna above the set-up table. The frequency steps shall be_less thangp equakto0,5 % of the
highest frequency used. The receive antenna voltage shalf’be~a ‘ B above the ndise
level of the measurement equipment. The feed cable i to the rear [for
approximately 2 m at the same height as the antennd. it be placed on the
redeive antenna feed cable at suitable intervals tof pre 3 able from influencjng
measurements

Twp transmission measurements shallNe perfo i iggte the maximum voltage V| at
thg receive antenna, with transmit antenna p changed for each test — one with gnd
ong¢ without the set-up table. \ selow 1 GHz, measurements shall|be
performed at least in the frequency & ’ to 1 GHz. The receive antennq is
height scanned between q 3 or SAC, while in a FAR, the recelive

an{enna is at a fixed heighty

The difference A(Hnbet P yent results is then calculated using the Equatjon
(11), with meas @‘,, {re i

)= |Vr/with = Voithout (1)

The magnitude © maximum difference A, in the frequency range of 200 MHz| to

1 J00 MHz-is"used as the estimated maximum deviation, with A, is in dB,

Amsn( - maxlvrlwlth _ Vr/wlfhm it || (12)
TZUU VIFZ—=1 UUU VIFZ

The standard uncertainty u;,, . caused by the set-up table is estimated by assuming a
rectangular distribution for the measured maximum difference A, 4. SO Uizpe (in dB) can be
calculated using Equation (13).

1
u =—— A (13)
table \/g max

2) Below about 200 MHz, the influence of the set-up table is negligible when applying this verification procedure.
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To the receiving
antenna

NIby

o

| R

NPV

NO
ma

B/ IEC 229505

IEC 2294/05

igure 11 — Position of the antenna relative to
the edge above arectangle set-up table
(top view)

b of

5.9.3

The set-up table for a floor-standing EUT shall b soristru ing a non-conducting, low-
permittivity material. If the set-up tabl at
thg base (footprint), evaluation of table

6 | Reverberating chamber for total radia

Fof some types of equip i i i , the
existence of complex threecdimensi adiati iti ent
opgrating conditions measurement of total radiated power| is
comsidered to be Ne}: S d to disturbance control. It can be measured| by
pl%mg the equ@:? itak ef with metal walls. To avoid effects of standjng
wapes that would e uceon- uniform distribution of energy density with position in
thg chamber, rotati ed. With proper size, shape and position, the enefgy
density at any pa varies randomly with a constant statistical distributjon
law in phase, armp i

6.1 C

6.1.1

The linear<dimension$ of the chamber shall be large relative to the wavelength of the lowgest
frepueney of interest. It shall also be large enough to accommodate the equipment under test,
thg stirrers and the measuring antennas. Microwave equipment varies in size from the small
taljlefop oven having a volume of about 0,2 m?® to large units 1,7 m high with a 760 mm balse.

The chamber may be of any shape provided its three dimensions are of the same order. The
three dimensions should preferably be different. For a lowest frequency of 1 GHz, the chamber
shall have a volume at least 8 m3. The actual dimensions will depend on the physi
characteristics of the chamber. See 6.1.4 for method of test of the suitability of the chamber.

cal
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The walls and the stirrers shall be metallic. Joints between the metallic members shall be
mechanically sound and of low electrical resistance along the whole length, and there shall be
no surface corrosion. No absorbing material, such as wood, shall be placed inside the

chamber.

6.1.2 Door, openings in walls, and mounting brackets

The enclosure door shall be large enough to allow the passage of operators and equipment.
It shall open outward, and fit tightly to minimize energy losses. For convenience in mounting,
transmitting and receiving antennas inside the chamber, mounting brackets may be fixed to

th walla
gwaoiroT

6.1.3 Stirrers

The following describes two examples of stirrers. Other shapes 3
stifring efficiency meets the criteria in 6.1.4.

6.1.3.1 Rotating vanes

If fotating vanes are used, two vanes are placed on adja
least 1/4 of the maximum wavelength used from the ¥
rigid. They shall be of the maximum length allowed /b

about 1/5 of the length.

6.1.3.2 Rotating paddles

If notating paddles are used, two or three
The paddles shall be mutually at right an
Figure 13 and rotate abouta i
space shall be at least eq
mgximum allowed by t

Four right-angled sheets
bolted to end-pieces

/
340

150

150

| ——End-piece

8=

ed

at
be
be

er.

lar
the

\ L B b
Axis of /
rotation
\‘ o osor

Dimensions in millimetres

Figure 13 — Example of a typical paddle stirrer
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6.1.3.3 Rotating speed

The rotation speeds of the stirrers shall be different. The longest time for one rotation of the
stirrers shall be less than 1/5 of the integrating time of the measuring instrument. For the
measuring equipment described in 6.1.5, a suitable rate is between 50 r/min and 200 r/min.
The motors used to rotate the stirrers, together with their reduction gear, should preferably be
outside the walls of the chamber.

6.1.4 Test for the efficiency of the stirrers

). At low fr

Th
low
ab
rot 5 cy.
The whole test shall be repeated again with the receivj : 3 ; ers
arg considered satisfactory when: (1) the envelope of/'the gra ma
dog¢s not exceed 2 dB in any position of the trans the
foyr graphs are within an envelope of 2 dB or lesg. Ki

. N y
EAN P
30 ——— 1w
M ~
ima N % J X g _L
Pl
IS s sl
20 / AN
\\) Minimum useful frequency
MiRim

10 \
\ \) 3 4 5 6 7 8 9 10
Frequency GHz IEC 089/0f

NOFE ALl ol ik lo bl diari. PR DY AP W | =) I Learaltor i orer—alo bl
= A measuret pPpomtS— SOt e M SIaC ez 0D CNveToOPpCIMarRea oy tnec aottCa1iies

Coupling attenuation dB

N

Figure 14 — Range of coupling attenuation as a function of frequency
for a chamber using the stirrer in Figure 13


https://standardsiso.com/api/?name=1f3c4dcdceec9e8b11117627f5b5770d

CISPR 16-1-4 © IEC:2007 - 85—

6.1.5 Coupling attenuation

The coupling attenuation of a chamber is the insertion loss measured between the terminals of
the transmitting and the receiving antennas in the chamber. A calibrated signal generator
whose power output can be accurately measured is used to feed power to a low-loss
transmitting antenna (e.g. a horn antenna) located inside the chamber or on a chamber wall. A
receiving antenna may be placed at any point in the chamber provided it is at least 1/4
wavelength from the walls and not pointing toward the transmitting antenna, towards the
nearest chamber wall, or aligned with any of the chamber axis.

put
ed

is

will

depend on the equipment being measured). A spectrum analyzer may a he used for this
mgasurement. The power absorbed by the transmitting antenna,”R)\i oted:y The sighal
generator is then connected to the input of the low-noise amplifier, ‘a is

adjusted to give the same voltmeter reading. The power absorhe ise_amplifief is
nofed. The coupling attenuation is 10 log (P/p) dB.

7 | TEM cells for immunity to radiated disturb
(Under consideration)

8 [Test sites for measurement oKradio €

The test site shall rely on reflection- 7 ing

NOJ'E In the case of floor[stand
groind.

8.1

Th
en

8.2 Valic

A test site
1 @Hz to 18 GHgz if it ‘satisfies the criterion provided in 8.2.1; 8.2.2 provides the site validatjon
prqcedure, For thewpdrposes of testing per CISPR standards, site validation measuremepts
shall be ‘performed from 1 GHz to the maximum frequency in use at the test facility; fhe
mgximum frequency shall be at least 2 GHz.

Test sites used for measurements in 1 GHz to 18 GHz shall have a design that minimizes the
influence of reflections upon the received signal, for example an anechoic chamber. If the site
is not designed to provide fully-anechoic conditions, for example a semi-anechoic chamber,
use of absorbing material to cover part of the metal ground plane is required, as described
below.
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In cases where the test volume extends from the conducting floor of the facility to above the
EUT, as may be typical for facilities used primarily for testing floor-standing EUTs, absorber
shall be placed in the test volume for the validation as necessary. To accommodate testing of
floor-standing equipment which cannot be positioned above the ground plane, illumination of
the test volume for a height of up to 30 cm may be obstructed by absorber placed on the
ground plane.

During the emission testing of a floor-standing EUT, floor absorber used during the site
validation may be removed in the immediate area (footprint) of the EUT, and for up to 10 cm
surrounding the EUT footprint.

In facilities where the test volume is above the height of the absorber, as may be typical of
faqilities used for testing table-top equipment, absorber may be placed upder e test.volume

for] both site validation and equipment tests. ber
comfiguration and transmit/receive antenna locations shall be includéd in th jon
regort.

Sitg validation is performed by measurements of the so-called si 2 di tio
(Syswr)- The site validation method evaluates a given test yOhume ifi€¢ combination
of kite, receive antenna, test distance (described in Subclause A§6) -2-3), and

2.1.
nd
are

absorbing material placed on the ground plane,
Influences of the receive antenna mast located ag
permanently-fixed objects in the test volume (s
evaluated by and included in this site idati 5 a
removable test table, are not require > eir
influence is to be evaluated separately usi dd liohalNarocedures of 5.8 of this standard.

CI$PR 16-2-3 provides a description of t i in
1 @Hz to 18 GHz. The purpose o prosetire is to check for the influence| of
reflections that may be |n' t Ritrary size and shape placed within the test
volume as evaluated usi )\

The SVSWR is t i
interference betw i

by

14)
wh are
the for

red

Fof thetprocedures that follow, decibels (dB) are typically employed for measurements and
caliculations. In this case, Syswr is given by

Vina E s
Svswr s = 20|09( j 20|09( ] =Viaxds — Vmindg = Emax.ds — Eminds (15)
min min

NOTE 1 When decibels are employed, Syswr.dqs may be taken as the difference of maximum to minimum signal
received in units of dBm, dBuV, or dBuV/m, as appropriate for the instrumentation or signal detector used.
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NOTE 2 The value of Syswr or Svswr,dg is computed separately from the maximum and minimum signal obtained
at each frequency and polarization for a set of six measurements as described in 8.2.2.

8.2.1 Acceptance criterion for site validation

The Syswr is directly related to influences of undesired reflections. The acceptance criterion for
1 GHz to 18 GHz site validations is:

Svswr < 2:1, or Syswr,as < 6,0 dB,

for S measured in accordance with the prnhndnrne of 822

VSVVT

8.4.2 Site validation procedures

This subclause describes the required procedures for evaluating Syswr

8.2.2.1 Antenna requirements

To|provide illumination of all reflecting surfaces during this ulate’the possible
low-directivity antenna gains exhibited by many actua S, ~NNs subgclause specifies
characteristics for equipment used for Syswr testing. Ma ) sed
to evaluate whether the test-equipment requirements

8.4.2.1.1

The receive antenna must be linearly pQlariz UT
emissions measurements. For the transmi ° ern
spécifications is the angle where the( antenna face \e receive antenna (aperture planpes

patallel); this is also deemegd the “bore-sigh

The antenna used as atrangmit™source § i i i -like
radiation pattern with |the i S i i be

available with a @e

8.4.2.1.1.1 Tra

An|E-plane radiat - aritenna with simple linear polarization can be measured at
ong¢ of many i \ (constant azimuth angle) around the radiation sphere. The [cut
plane for pat ’shall be selected by the antenna manufacturer and descrihed
in the aptenna’characterization report. One convenient choice typically is the plane containjng

a) [Choose a\main lobe direction, designated as M, for the right and the left side of each
pattern»M shall bé between 0° £ 15° and 180° £ 15°, respectively.

b) | Draw(the so-called forbidden area symmetrical to the main lobe directions on both sideg of
the pattern4) where amplitude is < -3 dB for + 15°.

c) The E-plane pattern shall not enter the forbidden area.

3) It is assumed that the antenna also fulfils the requirements at other frequencies used for the Syswr test.

4) This limit ensures a smooth pattern in the bore-sight region, and an acceptable omni-directional behaviour.
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Figure 15 shows an example radiation pattern that meets the preceding E-plane requirements.

105 900 75
120 60

165

IEC 090/07

NOJFE The example plot is for an antenna that me th -ptane/requirements of 8.2.2.1.1.1. The main lpbe
dirgctions, M, for the right and i h pa L + 15° and 180° + 15° respectively. [The
shalded areas represent the “forbidden aprea” where amp 6uld be < -3 dB for £+15° of each main lobe. [The
antgénna pattern does not en|

Plane radiation pattern example

8.4.2.1.1.2
There is only/6 e in which to measure the H-plane pattern of a dipole antenpa,
which is the he dipole axis intersecting the centre of the dipole. This plane
mdy incldd put connector, and the input cable, depending whether a metal or
opfical fib The)> manufacturer of the antenna shall describe the set-up used| to
megasure rad tterns, including the feed cabling and connector locations, in the test
regort of the-antenna.

a) | Average the radiation pattern data (in dB) over the range of £135° (0° is the bore-sight
angle). The maximum step size for this pattern data is 5° in the frequency range of 1 GHz
o6 GHz, and 1° from 6 GHz to 18 GHz

b) The pattern must not exceed the following deviations from the +£135°-averaged value:

Angle range 1 GHz to 6 GHz 6 GHz to 18 GHz
—60° to 60° +2 dB +3 dB
—60° to —135°, 60° to 135° +3 dB +4 dB
-135° to —180°, 135° to 180° <+3dB < +4 dB

NOTE Although a lower bound on the H-plane pattern is not specified outside of £135°, it is desirable for the H-
plane pattern not to show a null at £180°, but to be omni-directional as best as possible. Guidance provided by the

antenna manufacturer on the routing of the feed cabling and antenna mast should be followed, if available,

min

imize the possible influence on H-plane pattern outside of £135°.

to
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Figure 16 shows an example pattern that meets the preceding H-plane requirements.

105 % 75

6

-105 g0 75 IEC 092/07

Figure 16b — 6 GHz to 18 GHz

NOTE The example plot is for an antenna that meets the H-plane requirements. The shaded areas represent the
maximum permissible deviations stated in 8.2.2.2.1.1.2. This example antenna meets the requirements because the
pattern does not enter the shaded regions.

Figure 16 — Transmit antenna H-plane radiation pattern
(for informative purposes only)
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8.2.2.1.2 Test equipment for the reciprocal Syswr procedure (8.2.2.4)
The antenna used to transmit from the test volume shall be the same type as used later

emissions measurements. The isotropic field probe used shall be omni-directional with
isotropicity of 3 dB or better.

8.2.2.2 Required positions for site validation testing

The site validation test shall be performed for a volume in the shape of a cylinder. The bott

for
an

om

of the cyImder is established by the surface that is used to support the EUT The top of the

Th required locations to perform the SVSWR

S antenna. All of the possi
reduired locations are illustrated in Figure > i ¢luding the conditional locatic
desgcribed in 8.2.2.5. The sequence of §i \ along the line to the receive anter
is indicated by dots in these figures.

Reference point

~—
~
-
~ I
-
~ - I
~ I
~
~
~
~

—=T

— !

ly,
are

in
SixX
ible
ns
na

iL1tolL6

IEC 093/07

Figure 17 — Syswr measurement positions in a horizontal plane — see 8.2.2.2.1 for
description
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8.2.2.2.1 Descriptions of Syswr measurement positions in a horizontal plane
(Figure 10)
a) Front positions 1-6 (F1 to F6): The front positions are on a line from the center of the test

volume to the receive antenna reference point. To locate these positions, first locate F6 at
the front extent of the test volume, on the measurement axis spaced away at the test

distance, D, from the reference point of the receive antenna.
F5 to F1 are measured relative to F6 as follows, moving away from the receive antenna:

1) F5=F6 + 2 cm away from the receive antenna

2) F4 =F6 + 10 cm away from the receive antenna
3) F3 =F6 + 18 cm away from the receive antenna
4) F2 =F6 + 30 cm away from the receive antenna
5) F1=F6 + 40 cm away from the receive antenna

Right positions 1-6 (R1 to R6): These positions are locate
found by determining the right extent of the test volume

Positions R5 to R1 are measured relative to R6 a
antenna:

1)
2)
3)
4)
5) R1=R6 +40cm 4

by determining the k
the receive a

dlume (position L1), then moving on a line tow
(see Figure 17).

nd

ard

Positions LS asured yelative to L6 as follows, moving away from the recefive

antenna:

2) m away from the receive antenna
3) L3 ay from the receive antenna
4) L2 = away from the receive antenna

5) LI\=L6 + 40 cm away from the receive antenna

Center positions—1-6 (C1 to CB): These positions—are located relative to position C6
hiad ~ TR i \ i h IS ey ~ T ek i Al TR - ~ e ~ .

Position C6 is at the center of the test volume. Positions C1 to C6 are required to
tested when the test volume diameter is greater than 1,5 m (see 8.2.2.5).

C5 to C1 are measured relative to C6, moving away from the receive antenna as follows:

1) C5=C6 + 2 cm away from the receive antenna
2) C4 =C6 + 10 cm away from the receive antenna
3) C3 =C6 + 18 cm away from the receive antenna

be
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4) C2 = C6 + 30 cm away from the receive antenna
5) C1=C6 + 40 cm away from the receive antenna

8.2.2.2.2 Descriptions of Syswr additional measurement positions (Figure 18)

In addition to the locations indicated in Figure 17, an additional Syswr test plane at the top of
the test volume may be required depending upon the height of the test volume. Figure 18
illustrates the additional height requirement for Syswr measurements. The test at the second
height is to be performed at the front position only.

Ceiling

Top ho = top of volume

Test h1 = 1,0 m above bottam of(vojume

volume

Bottom

IEC 094/07
Key
ha i ‘ ne that is obstructed by absorber placed on the floor (30 cm maximum)
h4 i 2 the mi of the test volume, or 1,0 m above the bottom of the test volume, whichejer
ho i 8 & top of the test volume and required to be tested when h; is separated by at lefast

Figure 18 — Syswr positions (height requirements)
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Table 5 provides a summary of the test positions.

according to height (h4, hy) and location (front,

left,

For each

In Table 5, the positions are grouped
right, center).

reference position is designated for use in the calculations required by Equation (16).

Table 5 — Syswr test positions

Position Location Height | Polarization Reference Location relative to reference position

name position for
Dret [sEE
Equation (13)]

Froprtpositions (Fromt, o) at fiTstiTergiTt
F1h1H Front hy Horizontal Féh1 +40 cm away from theregeive antepna
F1h1V Front h4 Vertical F6h1 +40 cm away frorp»t\}(e recewa\antenna
F4h1H Front hy Horizontal Féh1 +30 cm away)rér\the rg%x{e a\tgnna
F3h1V Front h4 Vertical F6h1 +30 cm away\(ro}r\\a\rec\t{x«{te%
F3h1H Front hy Horizontal Féh1 +18 cnéwmrg t}g r&&lve;ntenna
F3h1Vv Front h4 Vertical F6h1 +2/8/}m\a\\»@y‘§scqm\the\gceive antenna
F4h1H Front h4 Horizontal F6h1 wx‘n\amfr&'@wceive antenna
F4h1V Front h4 Vertical F6h1 / /ﬂoé\aw from the receive antenna
Fgh1H Front h1 Horizontal Fqﬁ\\/ /2 MaMrom the receive antenna
F3h1Vv Front h4 Vertical< 66}11 6 (+2 Wam/rom the receive antenna
Fgh1H Front hy Horizontal }\ = nce position (Front, h1)
Fgh1Vv Front hy Vertical F\\ = Reference position (Front, h4)

Cerjter positions (Center, hy) WM\\Q

(if qequired - see 8.2.2.5)
C1h1H Center /h1 or|z +40 cm away from the receive antenna
C1h1v Cente/\ Kh) >V tical >06h1 +40 cm away from the receive antenna
C3h1H Center /\h\ h‘&{iziﬁt{l C6h1 +30 cm away from the receive antenna
C3h1Vv Center h4 \/egijcaB C6h1 +30 cm away from the receive antenna
C3h1H Cepter \h1 \QOMI C6h1 +18 cm away from the receive antenna
C3h1v ngter \ f‘h\ )>ertica| C6h1 +18 cm away from the receive antenna
C4h1H 4 \en\\e\ \ ‘h1 \ Horizontal C6h1 +10 cm away from the receive antenna
C4h1Vv }en{er h4 Vertical C6h1 +10 cm away from the receive antenna
C8h1H Center \)m Horizontal C6h1 +2 cm away from the receive antenna
Cc3h1v Center h4 Vertical C6h1 +2 cm away from the receive antenna
CghAH Center h1 Horizontal C6h1 = Reference position (Center, hy)
CohTV Center h4 Vertical Coh1 = Reference position (Center, h1)

location, a
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Position
name

Location

Height

Polarization

Reference
position for
Dref [S€E
Equation (13)]

Location relative to reference position

Right positions at first height

R1h1H Right h1 Horizontal R6h1 +40 cm away from the receive antenna at the
right extent of the volume.
R ha\/L Dighf hl \ortical Rehi 40 cm a\uay from-tha raceive-antenna-at the
right extent of the volume.
R3h1H Right hi Horizontal R6h1 +30 cm away from tMe antenna
R2h1V Right h1 Vertical R6h1 +30 cm away froﬂ&e receive aptenna
R3h1H Right hi Horizontal R6h1 +18 cm awaﬁéMe rés;e?v\\ant\e\na
R3h1V Right h1 Vertical R6h1 +18 cm away om\(h}f\ecekq Ma
R4h1H Right hi Horizontal R6h1 +10 cm%waM t& re%e{ve}ntenna
A
R4h1V Right h1 Vertical R6h1 +40 c k@y\‘&m the}gceive antenna
R%h1H Right h4 Horizontal R6h1 /’*’Q\Q\aw\a\y\ﬁowwe antenna
R$h1V Right h1 Vertical R6h1 ( /-Q cm&ayWe receive antenna
Rg¢h1H Right hi Horizontal 3&1\\/ /= R{éﬁren}e\position (Right, h4)
N
Rgh1V Right h1 Vertical< <86h1 ( \5 Rérgre ce position (Right, hq)
Leff positions at first height
L1h1H Left h1 Horizontal L6 +40 cm away from the receive antenna at|the
Q\ ft extent of the volume.
Ldh1v Left hy \értical \\Ee)rv\/ +40 cm away from the receive antenna atfthe
left extent of the volume.
AN NN
L4h1H Left Llu \%f\izohgl N \L6h1 +30 cm away from the receive antenna
Lgh1V Left & h<\ QVe:t\ns@I L6h1 +30 cm away from the receive antenna
L3h1H Left < h1 \HM\/ L6h1 +18 cm away from the receive antenna
L3h1V Left ( \\le N \Qrticay L6h1 +18 cm away from the receive antenna
L4h1H ye/ft\ \{11 rizontal L6h1 +10 cm away from the receive antenna
L4h1V L\\ﬁt \h\ \/{ertical L6h1 +10 cm away from the receive antenna
gh1n 4 N - i
Lgh1H M hi Horizontal L6h1 +2 cm away from the receive antenna
Lgh1Vv t\ \ h1 Vertical L6h1 +2 cm away from the receive antenna
Lgh1H Left )h1 Horizontal L6h1 = Reference position (Left, hq)
Lgh1V Left h1 Vertical L6h1 = Reference position (Left, hq)
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Table 5 (continued)

Position | Location | Height | Polarization Reference Location relative to reference position
name position for
Dref [S€E

Equation (13)]

F
(i

ront positions at second height
f required — see 8.2.2.5)

F1h2H Front hy Horizontal F6h2 +40 cm away from the receive antenna

1h2\L Eront h \lertical EGh2 +40 cm-away-from-the receive antenna
F2h2H Front hy Horizontal F6h2 +30 cm away from the receive antenna
F2h2V Front hy Vertical F6h2 +30 cm away from the reCejve aptenna
F3h2H Front ha Horizontal F6h2 +18 cm away frgﬁl\t&w ,Fe@ei%ntenna

F3h2V Front ha Vertical F6h2 +18 cm awaﬁ}Q}\thekc;N@ a?ﬂ‘gnna

F4h2H Front ha Horizontal F6h2 +10 cm,awa\(ro%\t\e\rec\w W

F4h2V Front ha Vertical F6h2 +10 c&awm \e r\&@|v>antenna

F5h2H Front ha Horizontal F6h2 {{}\QNyM the\{celve antenna

F5h2V Front h2 Vertical F6h2 \I\Q\cm@wa fr&n\ﬁe\w)ceive antenna

F6h2H Front ha Horizontal F6h2 / -< REQMPOS%)I’] (Front, hs)

F6h2Vv Front ha Vertical /é Re\fer}rme position (Front, h2)
NIOTE These Syswr measurements may be @r\d@ny%queQe
8.4.2.3 edyre
In |the following proced ated as Ppopq, Where the subscripts
cofrespond to the position column of Table 5. The measured signal,
M, [is the received E-fi at each position, and is similarly denoted| by
sulpscripts as M, ’ is the position F1, at height 1, horizontal polarizatipn,
andl its measure@w in dByi as Mein1n
a) | Locate the transmij g Withits_reference point at front position 6, height 1, in horizontal
polarization (£ eive antenna, also in horizontal polarization, at the test
distance D s thésource to the reference point of the receive antenna. Npte
that the ive_ante height shall be located at the same height as the transmit soufce
for al
b) | Verify that th recei ignal displayed will be at least 20 dB above the ambient and abgve
the measui r or spectrum analyzer displayed noise across the entire frequency
range to-bge m . If not, it may be necessary to use different equipment (antenngs,

cables,\signal generator, preamplifier) and/or use partial frequency ranges as appropripte
to maintain a level of 20 dB above the displayed noise floor.

Record the measured signal level, Mgsniy at each frequency. Swept measurement| or

Stepped frequency increments may be used. IT stepped Increments are used, the frequency
increment shall be 50 MHz or less.

Repeat steps a) and b) with the transmit source at the other five positions shown in Table 6
(8.2.2.6) for the front, height 1, horizontal polarization. In total, there will be six
measurements for front, height 1, horizontal polarization (Mg4n1y through Mggn1y) varying in
separation distance from the receive antenna by the increments shown in Table 5.
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e)

Change the polarization of the transmit source and receive antenna to vertical and repeat
the above procedure for positions Pgqnqv through Pgqpey in order to obtain Mgq,qv through

MF6h1V .

For all measurements, normalize the measured E-field or voltage data to the distance of
the reference position shown in Table 5 using Equation (16):

, D
M nopa =Mmnopg + 20Iog[$j (dB) (16)

ref

where U,

€ actual separation distance for the measurement location,
separation cfstance measured to the reference position, and M,,

nopq 1S the measured-signal

g9)
h)
i)
dter
)] ter
the
8.4.2.4 Svswr be
Fofr shielded faﬁi}% to
ev ing 4gnd
iIIu for
e oses’of this standard, this method is termed the “reciprogal”
method of ina In this Syswr reciprocal procedure, the antenna to later|be

us

be¢

prdg

orig¢

Th

capable of be 4 aligned with the polarization of the transmit antenna, i.e., the location and

n EUT emissions testing is termed the “transmit” antenpa,
beXtsed to\transmit to a probe located in the test volume. The isotropic field
il the radiation pattern specifications of 8.2.2.1. The probe shall|be

b reciprocal Syswr site validation test procedure using an isotropic field probe is as follows.

a)

Place the field probe at the iront position 6, height T, in horizonial polarization (PreniH)-
Place the transmit antenna at the test distance D as measured from the perimeter of the
test volume to the reference point of the antenna. The transmit antenna height shall be at
the same height as the probe for all positions.
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b)

Verify that field strength magnitude is sufficient to allow proper functioning of the probe. For
guidance on the equipment and procedures necessary to establish appropriate field
strengths, refer to the manufacturers operating specifications for the probe (adequate
sensitivity and measurement uncertainty). In addition, the transmit system and probe
system should be checked for linearity, and harmonics shall be suppressed to a level of at
least 15 dB below the primary signal. Use of a directional coupler is recommended to
monitor forward power during the test, because variations in the output power level will
produce variations in the test results. It is important to provide stable output signals,
because any signal variation due to instability of the signal source (e.g., bad cable
connections, variations with warm-up time of the preamplifier, etc.) will result in additional
variations of the results (i.e., arfificially high S.gwe results)

8.4.

As

wh

tesLed depending™y

Record the measured signal level, Mgghy, at each frequency. Swept measurement| or
stepped frequency increments may be used. If stepped increments are/Gsed, the frequency
increment shall be 50 MHz or less.

Repeat step c) with the field probe at the other five positions show
the front, height 1, horizontal polarization. In total, there will be §j

.2.6)|for
r frant,

height 1, horizontal polarization (Mg through Megnqy) varyjr pom
the receive antenna by the increments shown in Table 5.
Change the polarization of the field probe and antenna to and\repeat the abgve

Equation (15), Svswrds Can be obtai ) ACti ini i ignal,

[ i ' ben
applied [step f)] for the six positions. ing
vertical polarization.

Repeat the above prog&edure for thele d_ri positi . for

this reciprocal Syswr j intai i jon
facing at the refergnce it-a all
remain facing fewarg the o e
direction it @

If required by 8¢ 5, re ter
position, and fo Wrements required at the second height. When measurements
are performed ight, the probe shall be at the same height as the trangmit
antenna

2.5

indicated I : , Figure 18 and Table 5, additional test positions are required to|be

the size of the test volume. Figure 19 presents a flow chart specifyjing
n these.additional measurements are required.
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1. Measure Pass 2. Measure Fail
Fih1H.Feh1H " L1h1H..L6h1H a >
F1h1V..F6h1V L1h1V..L6h1V
And
Fail R1h1H..R6h1H
R1h1V..R6h1V
i Pass
- - 3. Measure Eail
d_'° ‘“T‘ V:'1“'5““ =23 C1h1H..C6h1H P
'ameter >1.om C1h1V..C6h1V
No Pass /\(\
A\ & Yes 4, Measur
Is hy—h1>05m |=——— FqpoH_FeH? Fa";
N F1h2V..Feh2Vv
° Pass s
Passed \
\ 4
F
v

NOJE The measurements are not required to pe\performprey
such that all the required data is obtained.

WH
from each group of six

8.2.

Ta
inc

2.6

ble 6 lists a s
uding the resu

en additional test positions are req ireW i
i 28 indepen
using the procedures of 82.2.3 224

IEC 095/07

, and may proceed in any o

der

hcy

ions,
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Table 6 — Syswr reporting requirements

Location Height Polarization Type Svswr
dB
Front h4 Horizontal Required = Max (S’F1h1H... S Fen1n) — Min (S’F1htH... S Fen1H)
Front h1 Vertical Required = Max (S’F1h1v...S’Fen1v) — Min (S’k1n1v... S’ Fen1v)
Right h4 Horizontal Required = Max (S’rin1H...S’r6h1H) — Min (S’r1h1H... S R6N1H)
Right h1 Vertical Required = Max (S’rin1v...S’ren1v) — Min (S'r1n1v...S ReN1V)
Left h4 Horizontal Required = Max (S’L1h1H...S Leh1H) — Min (S"L1h1H... S L6h1H)
Left h1 Vertical Required = Max (S’Lin1v...SLen1v) — Min (W...S'Lemv)
Genter hy Horizontal Conditional = Max (S’cih1H...S ceh1H) — I\MS’CWH.. S’'cemiH)
Genter h4 Vertical Conditional = Max (S’C1h1v...8'06h1v)/4\§f\n (S’&\MS'C 1v)
Hront ha Horizontal Conditional = Max (S’F1h2H...S’F5Q2H)\K M ?‘S{:m%é%\s@
Hront hy Vertical Conditional = Max (S’F1h2\/---5<6h2wn}§lFN---§F6h2\/)
X
The preceding Syswr calculations and reporting requireprents st frequency
8.4.2.7 Limitations of the Syswg site validatio
The measurement points chosen for¢8.22.2 are

intended to provide an overall measure
I GHz to 18 GHz. Note however that

of
prd
co

pe
req

In

m
an

based on a dista

m

8.3

An

thod) using q

bases where more accuracy, O
thod can be |§v@~ oved :
Figure 18. The addi

than six locations along the lines shown Figure
ion points should be spaced unequally, and chos

ge
the

WR
the

blly

ve
17
en
WR
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Annex A
(normative)

Parameters of broadband antennas

A.l Introduction

As|new and improved antennas are used in making both radiated emission and immuni

brgadband antennas will be aided by listing appropriate para
spécified as part of any CISPR contribution recomme
mgnufacturers shall also use this information as guida
of [broadband antennas used in making interferen
CI$PR, however, to show a preferenc
tuned dipoles.

polarized and are intended™or us W] éncy range. This does not prevent the

addition of antenna element sections. 1
impedances of su prised of both real and imaginary impedanc|
Other parameter

A.2.1 Antenna type

tained below.

The following paraiets ' e physical parameters of broadband antennas that sho
be|provided. 3 ameters may not apply to each antenna.

If the antenna has & variable length, specify the number of sections that are added
subtractedfo’‘change’the basic fixed length.

NOJ'E_“Rully tunable antennas are not considered to be broadband and hence would not be specified herein.

rly
se
he

uld

or

The

diameteér of loop antennas are generally not variable.

A.2.1.2 Depth to width ratio or loop diameter

Provide dimension in metres. For a log periodic array, for example, the length of the boom

along the measurement axis and the width of the largest element would be provided.
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A.2.1.3 Active or passive antenna
A broadband antenna is considered an active antenna if it contains amplifiers, preamplifiers,

and other non-linear active devices which amplify the signal and or shape the frequency
response.

A.2.1.4 Mounting arrangement

Provide any special mounting requirements beyond those which can be accommodated by a
typical tripod or antenna positioner.

A.2.1.5 Connector type

Specify BNC, N, SMA, etc. as appropriate.

A.2.1.6 Balun type

Specify if balun is discrete, distributed, tunable, etc.

A.2.2 Specification of the antenna

A.2.2.1 Frequency range

Specify the frequency range in megahe
characteristics. If there is a defined fa
thg range, so specify.

antenna operates within|its
isticin decibpls per octave at either end of
A.2.2.2 Gain and antenna factor

A.2.2.2.1 Gain

A.3.2.

SpEci 3
Fof less directionakaritennas, specify the front-to-back ratio in decibels. If omnidirectional,|so
state.

A.2.2.4 VSWR and impedance

Indicate the maximum VSWR and nominal input impedance in ohms.

A.2.2.5 Active antenna performance
For antennas with active amplified gain, specify the intermodulation product levels, its electric

and magnetic field strength immunity level from outside disturbances, and any appropriate
check to determine overload or improper operation.

A.2.2.6 Power handling

For immunity, use specified maximum and transient power handling capability in watts.
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A.2.2.7 Other conditions

Specify the temperature and humidity range in which the antenna must operate and any

precautions if used in an unprotected area exposed to the weather.

A.2.3 Antenna calibration
A.2.3.1 Method of calibration for emission measurements

Identify the method used for calibration, i.e.:

a) | calculated (indicate formula used);

b) | measured (specify the method or standard used or the traceability tg
laboratory, and whether antennas are calibrated individually).

NOJE For immunity measurements, field strength calibrations are generally magé
anténna located at the place of the appliance being subjected to the radiation. He
on fhe transmit antenna.

A.2.3.2 Frequency interval

Indicate the frequencies in megahertz or kilohertz us
swept frequency procedure is used, so state.

A.2.3.3 Accuracy of calibration

Specify the nominal accuracy of the calib
and the portion of the frequency band where that oc

A.2.3.4
If the antenna is to be_sub t|t ted
to those of the

copvert from th
megasurement unit o

A.2.3.5

Sp acify lof>

A.2.4 Antenpauser ynformation

A.2.4.1 Antenna use

Provide a description of the use of the antenna. Ensure that any special precautions

publication, indicate all co 3 imdecibels to equate the broadband antenna resilts

ational calibratjon

gted

red

;if a

hcy

PR

to

gth

or

limitations are cited to reduce the chance of misuse.

A.2.4.2 Physical limitations
Indicate if there are any physical limitations in using the antenna such as the following:

a) minimum height above the ground plane;
b) preferred polarization with respect to the ground plane;


https://standardsiso.com/api/?name=1f3c4dcdceec9e8b11117627f5b5770d

CISPR 16-1-4 © IEC:2007 -121 -

c) special use, i.e. use as a receive antenna or a transmit antenna only. Normally, this is
limited to the power handling capability of the balun for passive antennas or the non-
bidirectional characteristics for active antennas;

d) simple ohmic check to determine continuity integrity of antenna;

e) minimum separation of the closest antenna element to the appliance being measured.

@%
r
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Annex B
(normative)

Monopole (1 m rod antenna) performance equations and characterization
of the associated antenna matching network 5

B. qur‘rilm‘inn

B.1.1 Introduction of the monopole (1 m rod) antenna system

Manopole (rod) antennas are typically used at frequencies below 30

rarjge, methods used to calibrate or characterize antennas at highe

applicable. The techniques defined in this annex are applicabl
Us|ng due care, this method has been used commercially with

The primary method for traceability of antenna factor
whple antenna by a plane wave. An alternative meth
elegment, is contained in this annex. Although it is_possible tolde
thg capacitor substitution method, it requires € i

frequencies above 10 MHz and for actiye antennas:.

B.1.2 Monopole (rod)

The following equations

cofrection factor oi rod

They are valid only’f

Ch=20log he

(11, [2, [3] (B.1)

3], [4]. [3], [6], [7]. [8] (E.2)

where

h is the effective height of the antenna, in metres;
h is the actual height of the rod element, in metres;
A is the wavelength, in metres;

5) This annex is based on IEEE 291-1991 (see Clause B.5).

6) Figures in square brackets refer to the reference documents cited in Clause B.5.

3.3)
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C
a
Ch

a

B.2

is the self-capacitance of the rod antenna, in picofarads;
is the radius of the rod element, in metres;
is the height correction factor, in dB(m).

Matching network characterization method

The equivalent capacitance substitution method uses a dummy antenna in place of the actual
rod element. The primary component of the dummy antenna is a capacitor equal to the self-
capacitance of the rod or monopole. This dummy antenna is fed by a signal source and

th\_ nllfr\llf 'Frnm tha matr\h!nn nahnlr\rl{ or hqca ||.nl!I' nf fha Qn{’anno |c maocllrnrl ||c|nr1 he
testconflgurat|on shown in Figure B.1. The antenna factor (AF) in dB(1/m) is glven by
Equation (B.4).

AF=Vp-V -Cy (B.4)
where
Vp| is the measured output of the signal generator, in dB(uV);
V| | is the measured output of the matching network, in dB{
Cy| is the height correction factor (for the effective heig
Fof the monopole (1 m rod) antenna commonl ueasurements, the effective
height (h,) is 0,5 m, the height correctjd C.)
is 10 pF.
NOJE See B.1_.2 to calculate the effective height;"hei i 5 of

Eit

method of B.2.2,
enna is used in bot

anf
Me
anf
wh

NO
net

TE- Attenuator pads are not needed with the network analyser because the impedances of the channels in

the
my

asurements shall be of
enna factor v@ Hz,
chever is smaller.

1 Network

Calibrate(the

Set in

Subtract thessignal level (in dB(uV)) in the test channel from the signal level (in dB(pV)) in
the reference chafinel and subtract C,, (-6 dB for the 1 m rod) to obtain the antenna fagtor
(in dB{1/m)) of the antenna.

the
ork’ analyser are very nearly 50 Q and any errors are corrected during network analyser calibration. Attenuftor

pad

s may be used, if desired, but including them complicates the network analyser calibration.

B.2.2 Radio-noise meter and signal generator procedure

a)

b)

Set up the matching network to be characterized and the measuring equipment as shown in
Figure B.2.

With the equipment connected as shown and a 50 Q termination on the T-connector (A),
measure the received signal voltage V| (in dB(uV)) at the RF port (B).
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c) Leaving the RF output of the signal generator unchanged, transfer the 50 Q termination to
the RF port (B) and transfer the receiver input cable to the T-connector (A). Measure the

drive signal voltage Vp (in dB(uV)).

d) Subtract V| from Vp and subtract C,, (-6 dB for the 1 m rod) to obtain the antenna factor
(in dB(1/m)) of the antenna.

NOJE 1

Networkarmatyser
Matching network Oscillator
under channel Reference Test
characterization (output)  channel char:q(\
Antenna g p <
port
50 Q
measurement
(port B) (\
Dummy _/ ~ A
antenna <\
50 Q T-connector (A) /—\
N
\) C 191402
Place the dummy antenna as close\to ths sib@Pl e the T-connector as close to|the

dummy antenna as possible. Use the same length and type of cables\between the T-connector and the reference

channel input, and the T-connector and the 50 Q mwasuring portctest chan

NOJE 2

ching network RF
R ' \J\@
o under receiver

characterization

H

mponents 50 Q T-connector (A)

El 50 Q Load

El 10 dB attenuator pad IEC 1915/02

NOTE 1

Place the dummy antenna as close to the EUT port as possible. Place the T-connector as close to the

dummy antenna as possible.

NOTE 2

If the VSWR of receiver and signal generator is low, pads may not be needed or may be reduced to

6 dB or 3 dB.

NOTE 3

The dummy antenna may incorporate other matching components to control VSWR at its input and signal

generator level at measuring ports.

Figure B.2 — Method using radio-noise meter and signal generator


https://standardsiso.com/api/?name=1f3c4dcdceec9e8b11117627f5b5770d

CISPR 16-1-4 © IEC:2007 - 129 —

The 50 Q termination shall have a very low standing-wave ratio (SWR) (less than 1,05:1). The
radio-noise meter shall be calibrated and have a low SWR (less than 2:1). The output of the
signal generator shall be frequency and amplitude stable.

NOTE The signal generator need not be calibrated, since it is used as a transfer standard.
B.3 Dummy antenna considerations

The capacitor used as the dummy antenna shall be mounted in a small metal box or on a small
metal frame. The leads shall be kept as short as possible, but no longer than 8 mm, and
space mm 10 mm from the suriace of the metal box or irame. See Figure B.3.

The T-connector used in the antenna factor measurement set-up may be [
an{enna box. The resistor pad to provide impedance matching to the ge
built into the dummy antenna box.

Ato thesdummy
pay also|be

Connector, e.g. BNC CapaCitd ds.L
ends

X capacitance connector
to mate with rod input port

IEC 1916/02
Corponents

S |lead spacing, 5 mm_ to
L |lead length, as
both capacitor leads

ing
B.

A ted
on or
red

If gth
spe

Many measurement standards specify that the counterpoise of a monopole (rod) antenna shall
be bonded to the groundplane or test bench groundplane. The requirements of the
measurement standard shall be met.
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Annex C
(normative)

Loop antenna system for magnetic field induced current measurements
in the frequency range of 9 kHz to 30 MHz

C. fmtroduction

This annex sets forth information and data concerning the loop antenfia sys to
measure the current induced in the LAS by the magnetic field emijtte UT,
positioned in the centre of the LAS, in the frequency range of 9 kHz to X . 4.7

of this publication and CISPR 16-2-3 refer to this LAS.

LAB. Conversion factors are given to relate magnetic field i current\data to magnetic
field data which would have been obtained when the same E 3 3 le-
lodp magnetic field antenna positioned at a specified di

C.2 Construction of the loop a

The LAS (see Figure C.1) consists of thre 2 ictar large-loop antennas (LLAs),
described in Clause C.3. The entire LAZi ) a non-metallic base.

A 50 Q coaxial cable bet pf an).LA and the coaxial switch, and betwgen

thi$ switch and the measuring egquipment, shall haveva surface transfer impedance smaller than
10JmQ/m at 100 kHz and\1 .“Fhisrequirement is met when using, for example,

dolible-braided shjeld R

All]connectors sh:I ial
caI e pe
co

All|cables sh o) A de
selfies resis ¢ the
ferfi i in
mil

C.8 ,Construction of a large-loop antenna (LLA)

A large-Toop antenna (LLA) of the LAS Is construcied from coaxial cable of which the surface
transfer impedance has been specified in Clause C.2. In addition, the resistance of the inner
conductor of the LLA shall be sufficiently low (see Note 1). Both requirements are met, for
example, when using double-braided shield RG 223/U coaxial cable.

*

IEC 60169-8:1978, Radio-frequency connectors — Part 8: RF coaxial connectors with inner diameter of outer
conductor 6,5 mm (0,256 in) with bayonet lock — Characteristic impedance 50 ohms (Type BNC)
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- @2 m (3x) -

i
o7

Equipment
under test

\

w
L L S

. Mains
Coaxial
switch /
T T T | _
| | /j
I /4
1 | 77
| ! /4/
Mepsuring v Loy
equipment 7 L7
4 77
4 77
. v
, /7
——\e 77
AT TS 77
Q- ———- "S- —————___ 77
—————————————————————— 77
T ————SSIITCoooooo-———— 17
ase and table: non-metallic -
IEC 096/07]

Cormponents

S: Bhntehna slit

C: current probe

F: ferrite absorber

Figure C.1 — The loop-antenna system, consisting of three mutually perpendicular
large-loop antennas

To keep the loop in its circular shape and to protect the slit construction, as in the example of
Figure C.2, the cable is inserted in a thin walled non-metallic tube with inner diameter of
approximately 25 mm. Other non-metallic constructions serving the same purposes may be
used.
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Non-metallic tube diamete

7 —

r 25 mm (thin-walled)

Slit —» 2

! ——§it

Coaxial cable/
RG 223/U

The
EU
allg
reg

It 4

prd
the

hould be not
portionally to the“di

diameter squargé

An
of

IEC 097/07

If necessary, e.g. the case of la
range up to 30 MHz, the maxim

rge
um

ible

besS
ith

be
na
WO
the
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7 mm max.
]
.
®
€
€
€
Qe
Coaxial cable
RG 223/U 7 mm
max.
Slit construction TEC—T0T7

Figure C.3 — Construction of the antenna slit

At leach side of the slit, the outer conductor of the coaxial antenna ¢
strgp of printed circuit board material with two copper rectangles, sep
in prder to obtain a rigid slit construction (see Figure C.4).

Coaxial cable
RG 223/U

Coaxial cable
RG 223/U

Printed circyit\board
with two c@
rectangles suldéere

to the outer cond

IEC| 099/07

Fijgure C.4 —E e of antenna-slit construction using a strap of printed circuit boafd
to obtain a rigid construction

The clrrent probe around the inner conductor of the coaxial antenna-cable shall have a
selpsitivity of 1 V/A over the frequency range of 9 kHz to 30 MHz. The insertion loss of the
current probe shall be sufficiently Tow (see Note T1).

The outer conductor of that cable shall be bonded to the metal box containing the current probe
(see Figure C.5). The maximum dimensions of this box are the following: width 80 mm, length
120 mm and height 80 mm.

NOTE 1 To obtain a flat frequency response of the LLA at the lower end of the frequency range of 9 kHz to
30 MHz, the insertion loss R, of the current probe should be much smaller than 2 n f L, at f = 9 kHz, where L,
represents the inductance of the current probe. In addition, (R, + R;) << X; = 2 n f L at 9 kHz, where R; is the
resistance of the inner conductor of the loop and L is the loop inductance. This inductance is about 1,5 pH/m of
circumference, hence for the standardized LLA, X; = 0,5 Q at f = 9 kHz.

NOTE 2 To avoid unwanted capacitive coupling between the EUT and the LAS, the distance between the EUT and
components of the LLA should be at least 0,10 times the loop diameter. Particular attention must be paid to the
leads of an EUT. Cables should be routed together and leave the loop volume in the same octant of the cell, no
closer than 0,4 m to any of the LAS loops (see Figure C.6).
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Inner conductor
120 mm max.

Outer conductor
connected to
metal box

Metal box

4, B
V_‘
Current probe ‘ A
1VIA 80 mm max.

Figure C.5 — Construction for the metal box containjrigath

IEC 180

All cables pass through a single
octant of the cell no closer than
0,4 m to any of the three loops

IEC 1009/97

C.4 \alidation of a large-loop antenna (LLA)

The_validation and calibration of a large-loop antenna (I ] A) of the loop antenna syste

is

carried out by measuring the current induced in the LLA by the balun-dipole connected to a
50 Q RF generator, described in Clause C.5. The magnetic field emitted by that dipole allows
verification of the magnetic field sensitivity of the LLA. The electric field emitted by the balun-

dipole shows that the electric field sensitivity of the LLA is sufficiently low.

The induced current shall be measured as a function of frequency in the range of 9 kHz to
30 MHz at the 8 positions of the balun-dipole in Figure C.7. During this measurement, the

balun dipole is in the plane of the LLA under test.

In each of the eight positions, the validation factor [expressed in dB(Q) = 20 log(V,.//))] of the
open circuit voltage of the RF generator (V,,) and the measured current (/) shall not deviate

more than +2 dB from the validation factor given in Figure C.8.
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Large-loop antenna (LLA)

RF generator

Measuring
equipment

. RO

70 >
(
\

a |
R AN N )
N \& ~_J
£ N F/ A
8 [ N
S 90 N
i D2
B
G //\ )
I 100 NANIAA
\ 4 6| 8|1 2 4 6| 8|1 2 4 6| 8|1 2
Z \/ 30 MHz

Frequency IEC 081/05

Fighx€ C.8\- Validation factor for a large loop-antenna of 2 m diameter

sta‘ndardized LLA can be derived from the data given in Figures C.8 and C.11 (Clause C.6).

b validation factor given in Figure C.8 is valid for a circular LLA with a standardized diamsater
¥ 2.mXIf the diameter of a circular LLA differs from D = 2 m, the validation factor for the n

pn-

C.5 Construction of the balun-dipole

The balun-dipole, Figure C.9, has been designed to emit simultaneously a magnetic field,
which should be measured by the LLA, and an electric field, which should be rejected by the
LLA.

The balun-dipole is constructed from RG 223/U coaxial cable. It has a width W =150 cm and a
height H = 10 cm (cable centre to cable centre distances), as depicted in Figure C.9.
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A slit in the outer conductor of the coaxial cable divides the dipole in two halves. One half of
this dipole, the right-hand half in Figure C.9, is short-circuited near the slit as well as near the
connector. Short-circuited means that the inner and outer conductors of the coaxial cable are
electrically bonded together. This half is connected to the reference-ground of the BNC
connector. The inner conductor of the coaxial cable, forming the left-hand half of the dipole in
Figure C.9, is connected to the centre-pin of the BNC connector and its outer conductor to the
reference ground of that BNC connector.

A small metal box is used to screen the connections near the dipole connector. The outer
conductor of the two halves of the coaxial dipole cable are bonded to this box, as is the

f <l £+l RALO 4
re 1T CTIIVT HIUUIIU UT UIrc DiIiNe VUTITTITULUT .

Tolobtain a rigid construction, the dipole is supported by a non-conductive b

C.6 Conversion factors

This clause deals with the factor which converts the current (/)\
intp a magnetic field strength H at a specified distance from/tk iguré”C.10). It dlso
deals with the factor which converts the current measured> i

dgmeter to a current which would have been meas
diameter of D = 2 m (see Figure C.11).

Th the
ce ~ be
nofed that with the loop antennas specified in_4\ i iti in a
veftical plane and the EUT is only rotate is. i the
hofizontal dipole moments, i.e. the d|p SPS , ed.
Consequently, in the case i i to
compare results of both weas etk ) : , in the
magnetic field measuring he,
or ipple
mdment is chang@ S

If ition m
fro pm

tho

Outer conductor of right-hand
side connected to inner conductor

\ Lett FIE{ Right §

B W =150 cm ? _, Coaxial cable
- ¢ | RG 223/U
( Balun dipole ) H=10cm
~1
@
1 / Metal box
N Left w Right
BNC connector IEC 102/07

Figure C.9 — Construction of the balun-dipole
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