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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

all national electrotechnical committees (IEC National Committees). promote
international co-operation on all questions concerning standardization in th ica e icAields. To
this end and in addition to other activities, IEC publishes International/Standards, \TieChni

Technical Reports, Publicly Available Specifications (PAS) and Guides “IEC

in the subject dealt with may participate in this preparatory WO
governmental organlzatlons Ilalsmg with the IEC also part|C|p i

Publications is accurate, IEC cannot be
misinterpretation by any end user.

4) In order to promote intern
transparently to the m
between any IEC Publicati

the latter.

5) IEC provides ng” matking procedure\tonindicate jts approval and cannot be rendered responsible for any
equipment declars } i i IEC Publication.

6) All users should en y t edition of this publication.

7) No liability shall atta directors, employees, servants or agents including individual experts and
members of i d IEC National Committees for any personal injury, property damage or
other damae o) nature\whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arisi of the publi€ation, use of, or reliance upon, this IEC Publication or any other IEC

Publicatio
8) AttentionN F ative references cited in this publication. Use of the referenced publications is
indispensable T application of this publication.

9) Attention js ‘drawnNo {He possibility that some of the elements of this IEC Publication may be the subject of
patent rights’ IEC shall not be held responsible for identifying any or all such patent rights.

International Standard CISPR 16-1-4 has been prepared by CISPR subcommittee A: Radio
interference measurements and statistical methods.

This consolidated version of CISPR 16-1

RLA

-4 is based on the first edition (2003) and its
997

14 cQ L OIQDOIA -4 4 /0\ /M
dlllUlIUIIIUIIl I \LUU‘I') lUUbUIIIUIILD \/IOI'I\II‘\I‘I’ MmUTO dllu UCTOTINTATI TEITNV L.

It bears the edition number 1.1.

A vertical line in the margin shows where the base publication has been modified by
amendment 1.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of the base publication and its amendments will
remain unchanged until 2005. At this date, the publication will be

* reconfirmed;
* withdrawn;

Py renlaced by a rovised edition —or
g Y d

« amended.

The contents of the corrigendum of February 2005 have been included in this copy.
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INTRODUCTION
CISPR 16-1, CISPR 16-2, CISPR 16-3 and CISPR 16-4 have been reorganised into 14 parts, to

accommodate growth and easier maintenance. The new parts have also been renumbered.
See the list given below.

Old CISPR 16 publications New CISPR 16 publications

CISPR 16-1-1 Measuring apparatus

Radio disturbance CISPR 16-1-2 | Ancillary equipment — Conducted disturbances

and immunity é
CISPR 16-1 measuring

apparatus

CISPR 16-1-3 Ancillary equipment — Disturbance power

CISPR 16-1-4 Ancillary equipment — Radl?(ed distyrbances

Antenna callbratlon te S|§sf
CISPR 16-1-5 | A\ enna o T'\\H\

CISPR 16-2-1 Conducted diS)Jr\b\ﬁ h\\s{en%&\/
CISPR 16-2-2 Measuremenf\of dlgtuQinc powi >

CISPR 16-2-3 Radlatc-:zd/(ht\rw}:g measurﬁ{nents

CISPR 16-2-4 W\% Fr\\/
CISPR 16-3 /éISI?'{\tec}c\cgl\rQQortsx

CISPR 16-4- “Jnér}éin}{es i tanMsed EMC tests

Methods of
CISPR 16-2 | measurement of <
disturbances and
immunity

Reports and
CISPR 16-3 | recommendations CISPR 18~ Mea{ure&ebti stpdmentation uncertainty

of CISPR < X —
Stahs\»@:&rﬂderatlons in the
CISPR 1§- termination’of EMC compliance of mass-
_ produced products
-4 | Uncertainty in EMC ~ tisitcs of complaints and a model for the
CISPR 16-4 measurements/\ &S@ﬁ 4 \C€| lation of limits

NNVZINEIVZ/DN

6
I

More specific infg i0 be een the ‘old’ CISPR 16-1 and the present ‘new’
CISPR 16-1-4 i introduction (TABLE RECAPITULATING CROSS
REFERENCES).

Measurement instrume ¢ations are given in five new parts of CISPR 16-1, while
the methods 6 \ are covered now in four new parts of CISPR 16-2. Various
reports with and background on CISPR and radio disturbances in general
are givepr'i R16-3. R 16-4 contains information related to uncertainties, statistics

CISPR 16-4'\consists/of the following parts, under the general title Specification for radio
disturbance~and immunity measuring apparatus and methods - Radio disturbance and
immunitysmeasuring apparatus:

e Pdrt 1-1: Measuring apparatus,

-/ Part 1-2: Ancillary equipment — Conducted disturbances,

Domad 4 O A T : 4 ek 1
hd rdit T=o. ATTCTary CTYUuIpITeTit = Utsturodaricc puweT,

« Part 1-4: Ancillary equipment — Radiated disturbances,
e Part 1-5: Antenna calibration test sites for 30 MHz to 1 000 MHz.
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TABLE RECAPITULATING CROSS REFERENCES

Second edition of CISPR 16-1 First edition of CISPR 16-1-4

Clauses, subclauses Clauses, subclauses

1 1

2 2

3 3

55 4

5.6 5

57 6

5.9 7

5.12 8

Annexes

(e

X

P

K

G

L

Figures

13, ..., 17 ..

51

18,19 .

43 .

P.1, .. P.11 cA1, .., C11
Tables

Tables
16,17 1,2
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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 the
performance of equipment for the measurement of radiated disturbd
range 9 kHz to 18 GHz.

acteristics and

Specifications for ancillary apparatus are included for: antennas N cells, and
reverberating chambers.

is given in Part 3 of CISPR 16. Unce
Part 4 of CISPR 16.

2 Normative references

able for the application of this document. For
or undated references, the latest edition of

CISPR 16-1-5:2003, Specification for radio disturbance and immunity measuring apparatus and
methods (—Part 1-5: Radio disturbance and immunity measuring apparatus — Antenna
calibratien'and site validation

CISPR 16-2-1:2003, Specification for radio disturbance and immunity measuring apparatus and
méthods — Part 2-1: Methods of measurement of immunity and disturbance — Conducted
disturbance measurements

CISPR 16-2-3:2003, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 2-3: Methods of measurement of immunity and disturbance — Radiated
disturbance measurements
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CISPR 16-3:2003, Specification for radio disturbance and Immunity measuring apparatus and
methods — Part 3: CISPR technical reports

CISPR 16-4-1:2003, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 4-1: Uncertainties, statistics and limit modelling — Uncertainties in standardized
EMC tests

uncertainties

IEC 60050(161):1990, International Electrotechnical Vocabulary (IEV,
Electromagnetic compatibility

International Vocabulary of Basic and General Terms in Metrology,/In ganization
for Standardization, Geneva, 2nd edition, 1993

3 Definitions

For the purpose of this part of CISPR 16, thg
IEC 60050(161).

3.1
bandwidth (B,)
the width of the overall selectivity ¢

it is the range sp i
indications within

Site attenuation meagurements of a CALTS are used for comparison to corresponding site
attenuation "measurements of a compliance test site, in order to evaluate the performance of
the compliance test site

34
compliance test site (COMTS)
environment which assures valid, repeatable measurement results of disturbance field strength

from equipment under test for comparison to a compliance limit
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3.5

antenna

that part of a transmitting or receiving system that is designed to radiate or to receive
electromagnetic waves in a specified way

NOTE 1 In the context of this standard, the balun is a part of the antenna.

NOTE 2 See also the term "wire antenna".

3.6

balun

passive electrical network for the transformation from a balanced to an unbalanced trans:
mission line or device or vice versa

3.7
free-space-resonant dipole

separated by a small gap, with each conductor approximately a
that at the specified frequency the input impedance of the wire
gap is pure real when the dipole is located in the free space

NOTE 1 In the context of this standard, this wire antenna connected to the_balur allegd the "test antenna”.

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

3.8

site attenuation
site attenuation between two specified\position e insertion loss determined
by a two-port measurement, when a direct e € clion between the generator output
and receiver input is replaced by tran i elving antennae placed at the specified
positions

3.9
test antenna
combination of the fre

NOTE For the pur;@f

3.10
wire antenna

NOTE AW

3.1
fully anechoic rooix
FAR
shieldéd-'enclosure, the internal surfaces of which are lined with radio-frequency absorbing
material (i.e. RF absorber), which absorbs electromagnetic energy in the frequency range of
interest

2419
CARE

quasi-free space test-site
test-site for which the site attenuation measured with vertically polarized tuned dipoles deviates
by no more than = 1 dB from the calculated free-space attenuation at any frequency
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3.13
test volume
volume in the FAR in which the EUT is positioned

NOTE In this volume the quasi-free space condition is met and this volume is typically 0,5 m or more from the
absorbing material of the FAR.

4 Antennas Tor measurement ot radiated radio disturbance

The antenna and the circuits inserted between it and the measuring receiver shall not
appreciably affect the overall characteristics of the measuring receiver. When the antenna is
connected to the measuring receiver, the measuring system shall comply with the bandwidth
requirements of CISPR 16-1-1 appropriate to the frequency band concerngd.

The antenna shall be substantially plane polarized. It shall i ) so\that all
polarizations of incident radiation can be measured. The height.of %

f of & sine-wave shall be better
O

subclause is used with a

nge, it is the magnetic field component that is
interference.

primarily responsiie fo

4.2.1 Magnetic a

NOTE Direct-measurements can be made of the strength of the magnetic component, in dB(pA/m) or pA/m of a
radiated_field* under all conditions, that is, both in the near field and in the far field. However, many field strength
measufing-receivers are calibrated in terms of the equivalent plane wave electric field strength in dB(pV/m), i.e.
assuming that the ratio of the E and H components is 120 1t or 377 Q. This assumption is justified under far-field
conditions at distances from the source exceeding one sixth of a wavelength (A/2m), and in such cases the correct
\alue for the H component can be obtained by dividing the E value indicated on the receiver by 377, or by
subtracting 51,5 dB from the E level in dB(pV/m) to give the H level in dB(pA/m).

It should be clearly understood that the above fixed E and H ratio applies only under far-field conditions.
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To obtain the reading of H (LA/m), the reading E (uV/m) is divided by 377 Q:

H (WA/m) = E (uV/m) / 377 Q 1)
To obtain the reading of H dB(uA/m), 51,5 dB(Q) is subtracted from the reading E dB(pV/m):
H dB(pA/m) = E dB(uV/m) — 51,5 dB(Q) (2)

The impedance Z = 377 Q, with 20 log Z = 51,5 dB(Q), used in the above conversions is a constant originating from
the calibration of field strength measuring equipment indicating the magnetic field in pV/m (or dB(pV/m)).

4.2.2 Balance of antenna
The balance of the antenna shall be such that, when the antenna is rotated in a uniform field,

the level in the cross-polarization direction is at least 20 dB below that in the parallel
polarization direction.

4.3 Frequency range 150 kHz to 30 MHz

4.3.1 Electric antenna

unbalanced antenna may be used. If an unbalanced ante
refer only to the effect of the electric field on a vertica
shall be stated with the results of the measurements.

Information pertaining to calculating the~performance istic of a 1 m length monopole
izati its \ s bpecified in Annex B.

Where the distance between the source iati the antenna is 10 m or less, the total
length of the antenna shall be 1 m.
length is 1 m, but in no case

If a balanced electric or a magnetic antenna is used, it shall comply with the requirement of
4.2.2:

4.4 Frequency range 30 MHz to 300 MHz

4.4.1 Electric antenna

The reference antenna shall be a balanced dipole.
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4411 Balanced dipole

For frequencies 80 MHz or above, the antenna shall be resonant in length, and for frequencies
below 80 MHz it shall have a length equal to the 80 MHz resonant length and shall be tuned
and matched to the feeder by a suitable transforming device. Connection to the input of
the measuring apparatus shall be made through a symmetric-asymmetric transformer
arrangement.

4.41.2 Shortened dipole

A dipole shorter than a half wavelength may be used provided:

a) the total length is greater than 1/10 of a wavelength at the frequency of measurement;

b) it is connected to a cable sufficiently well matched at the receiver end to en
standing wave ratio (v.s.w.r.) on the cable of less than 2.0 to 1.
account of the v.s.w.r.;

une” a’voltage
Re calibratiomxshall take

this, a balun may be helpful;

d) for determination of the measured field strength, a 3
determined and used in the measuring distance (i.e- a distapce ajleast three times
the length of the dipole);

transformer. It should be noted, however,
cable and any mismatch between the cable gné

the receiver and the transmission factor of
¢ level of the measured signal.

meter (determined for
the dipole) shall re

9
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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

4421 Introduction

In radiated emission measurements, common-mode (CM) currents may be present on thé
cable attached to the receiving antenna (the antenna cable). In turn, these CM currents create
EM fields which may be picked up by the receiving antenna. Consequently, the radiated
emission measuring results may be influenced.

The major contributions to the antenna cable CM currents stem from

4.4.2.2

The following method de
range for which the |
expressed in identical

1) Set the rece
above the grourigpls

element of the ante
plane.

3) Connect the transmitting antenna to a signal source, for example, a tracking generator, set
theAevel of that generator in such a way that, over the frequency range of interest, the
signal-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 shall 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 rorni\/ing antenna at its usual location and the frnnemiffing 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
with their respective NSA requirements.

NOTE 4 The horizontal distance of 1,5 m over which the antenna cable runs horizontally behind the centré\of the
antenna shall be kept as a minimum during actual vertically polarized radiated emissions measttements,

NOTE 5 It is not necessary to define a test set-up strictly because this effect is in large\part due 1q the.interaction
of the antenna and the part of input cable that lies parallel to the antenna elements. Tiere'is @xuchismaller effect
which is dependent on the uniformity of the field incident on the antenna in normal £ Quvan~QATS or in
a fully anechoic room.

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

4.4.3 Cross-polar performance of antenna

(LPDA) antennas for which the two ha!
with such antennas is above 200 MHz,
not intended for in-line dipole and biconi

confirm this.

In order to achieve qua
sufficient height
reflections set tK
under test. The s
antenna shall be gre

NOTE A good-guali o set up a plane wave at the antenna under test. The cross-polar
discrimination afforded aye can be proven by transmitting between a pair of horn antennas or open-
ended waveguid \ { e combination of site error and inherent cross-polar performance of one
horn ante i Uppression of the horizontal component by more than 30 dB. If the site errors are very low
and if the entical performance, the cross-polar performance of one horn is approximately 6 dB
lower than the <polar coupling of the pair of horns.

An interfering-signal 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, the
operator must calculate the uncertainty and declare it with the result. For example a cross-
polar level of 14 dB implies a maximum uncertainty of +1,6 dB to —-1,9 dB. Take the larger
value and assume a U-shaped distribution when calculating the standard uncertainty.

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

4.51 Electric antenna

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

4.5.2 Complex antenna

follows:

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

antenna shall be checked in the horizontal plane while orienting it for
tion. It shall be assumed that the pattern and, in particular, the angular

polarization.

It is essential that the variation of the effective distance of the antenna from the source
and its gain with frequency be taken into account.

¢) The voltage standing-wave ratio of the antenna with the antenna feeder connected and
measured from the receiver end shall not exceed 2 0 to 1

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

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
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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:

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 measureme

precisely calibrated horn antenna shall take precedence.

NOTE Any calibrated, Iinearly polarized antenna, e.g. a log periodic dipol

determined by using a special loop
: ) csasured in terms of the currents induced
by the magnetic field in the op 3 S - The LAS allows indoor measurements.

The LAS consis
a diameter of 2
annex C.

The three mutuallyperpendicular 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 chahging the orientation of the LLAs.

Each of the three LLAs shall comply with the validation requirements given in clause C.5.

NOTE Circular LLAs having a diameter different from the standardized diameter of 2 m may be used, provided

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.
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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 use,
different provisions have to be utilized.

5.1 Open area test site

Disturbance field-strength measurements are normally performed at an open area test site;
Open area test sites are areas characteristic of cleared level terrain. Such test sites shall. be
void of buildings, electric lines, fences, trees, etc. and free from underground cables pipelines,

Weather protection is desirable if the test site is used A weather
protection structure could either protect the whole test sitexin UT and f|eId strength
measuring antenna or the EUT only. The materials(us nsparent in order to

The structure shall be shaped to allo al of-snow, ice or water. For further details,
see annex D.

53 Obstruction-free area

For open area test sites,\an 8 surrounding the EUT and field-strength
measuring antenna is . ree area should be free from significant
scatterers of electfoma 3 andkshov Id be large enough so that scatterers outside the
obstruction-free* i fecton the fields measured by the field-strength
measuring antenha« Ne adequacy of this area, site validation tests should be

performed.

object, dlsta ce fro e rientation with respect to the EUT, conductivity and permittivity

of the object, )Y it is impractical to specify a reasonable obstruction-free area
which isNece and sufficient for all applications. The size and shape of the obstruction-
free area a dpon the measurement distance and whether or not the EUT will be

rotated. If the site |s aquipped with a turntable, the recommended obstruction-free area is an
ellipse with_the receiwing antenna and EUT at the two foci and having a major axis equal to
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).

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

hlrnl‘ohln the obetruction-frae araa miict he axnanded so that thg ohstriiction cleaarance
thHe—obstHdctHoR-Hee—afFea—dsSt—be—expahaea—So—thiat—he—obsStudetHeR—6ediahce

Tt oo

dlstances exist from the perimeter of the EUT.
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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.

The terrain within the obstruction-free area should be flat. Small slopes needed for adequate
drainage are acceptable. The flathess of the metallic ground plane, if used, is discussed in

clause D 2 I\An:\cllring Qppnrnhlc and test pnrennnnl should be situated outside the obstruction

free area.

5.4 Ambient radio frequency environment of a test site

ed to the'levels
eassessed in

The ambient radio frequency levels at a test site shall be sufficiently low cg
of measurements to be performed. The quality of the site in this respeg
four categories, listed below in their order of merit:

c) some ambient emissions are above the measurement
sufficiently long in time between transmissions to s

Minor diameter =R 4_3

R R/2 v

Test sample,l

/
Y
e
'

-
-

----- Y _ - - - - ~¥__ Boundary of area
defined by an ellipse

TEC—9097193

Figure 2 — Obstruction-free area of a test site with a turntable (see 5.3)
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v Test antenna \
4 location v\

5.5 Ground plane

applications, it
metal ground plang”y

requirements in 5.6.

material such a i s,and non-homogeneous soil. Such sites generally give
different site & 3 f eristics compared to those with metallic surfaces.

are used to-quali est site when a metallic ground plane is specified. For other test sites,
the validation procedure is of an informative nature, and will in general also identify possible
site irregularities that should be investigated. The validation procedure is not applicable to
absorber lined rooms. Such a procedure requires more detailed specifications and is under
consideration.

The validation of an open area test site is performed with two antennas oriented horizontally

and vertically with respect to the ground, as shown in figures 4 and 5, respectively. The open
area site attenuation is obtained from the ratio of the source voltage (V;) connected to a
transmitting antenna and the received voltage (V,) as measured on the receiving antenna
terminals. The voltage measurements are performed in a 50 Q system. Suitable corrections for
cable losses is required if V, and V; are not measured at the input and output of the transmit
and receive antenna, respectively. This site attenuation ratio is then divided by the product of
the antenna factors for the two antennas used. The resulting answer is the normalized site
attenuation (NSA) and is expressed in dB. The site is considered suitable when the measured
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vertical and horizontal NSA's are within #4 dB of the values given in tables E.1, E.2, and E.3,
as appropriate. If the +4 dB criterion is exceeded, the test site must be investigated per
clause E 4.

NOTE The basis for the 4 dB site acceptability criterion is given in annex F.

The deviation between a measured NSA value and the theoretical value shall not be used as a
correction for a measured EUT field strength. This procedure shall be used only for validating a

lest site.

Table E.1 is used for broadband antennas such as biconical and log periodic arrays bath
horizontally and vertically aligned with respect to the ground plane. Table E.2 is for tuned half-
wave dipoles aligned horizontally with respect to the ground plane. Table-E.3 is far\tuned
in table E.3,
there are restrictions in the scan height hy. This takes into account th lowest tip

Record VR with

points 1 and 2 connected
and disconnected

Maximum
received
signal

Tx im

(2m)*

y g zZzZame R
Y e'd}”&“ 3 m and 10 m separation g

Figure 4 — Configuration of equipment for measuring horizontal polarization
of site attenuation (see 5.6 and annex E)

A

* For 30 m separation distance
IEC 911193
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1
1
|
l
I
I
— 1
Tuned :
dipoles \
— T~ !
]

vy b ®m*

: : |‘ Maximum

(] MR received

hy=275m : [ signal
1 ] — o
I
1
1
1
1
CTX AFqy AFp,

25 cm clearance

N N(YeR
. L@ 7722700707000 //@j@ §

\/i held constant 3mand 10m s

For 30 m separation distance
IEC 912193

r measuring site attenuation
ipoles (see 5.6 and annex E)

on the gro dpla e
hq Height of the ce

h, Range of heights of the centre of the receive antenna above the ground plane (metres).
The maximum received signal in this height scan range is used for NSA measurements.

fm~ Frequency in MHz.

(metres).

e of the transmit antenna above the ground plane (metres).

AN NSA (see equation 1, below).

NOTE The spacing R between log-periodic array antennas is measured from the projection on to the ground plane
of the mid-point of the longitudinal axis of each antenna.

It is recommended that horizontal NSA measurements be performed first. Since such measure-
ments are less sensitive than that for vertical polarization in finding test anomalies, the
measured NSA should readily be within £4 dB of that shown in tables E.1, E.2 and E.3. If not,
recheck measurement technique, instrumentation drift and antenna factor calibrations. If the
+4 dB criterion is still exceeded, a significant site anomaly is present which should be readily
apparent and corrective action taken before proceeding to the vertical polarization NSA
measurement.
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5.6.1 General NSA measurement

For each polarization measurement, the NSA procedure requires two different measurements
of VR which is the voltage received. The first reading of VR is with the two coaxial cables
disconnected from the two antennas and connected to each other via an adapter. The second
reading of VR is taken with the coaxial cables reconnected to their respective antennas and the
maximum signal measured when the receive antenna is scanned in height. (1-4 m for 3 m and
10 m separation distances and either 1-4 m or 2-6 m for the 30 m separation.) For both of

these measurements, the signal source voltage, Vj, is kept constant. The first reading of VR is
called VprecT and the second is Vg te. These are used in the following equation (1) for the
measured NSA, Ay; all terms are in dB.

AN = VbirecT — VsiTeE — AFT — AFR — AAFTOT (1)
where
AF; is the transmit antenna factor;
AFg is the receive antenna factor;

AAF.or is the mutual impedance correction factor.

Note that the first two terms represent the actual measuge gattenuation, i.e., VprecT —
VsiTe is equal to the classical view of site attenuatio i ed by the insertion loss
of the propagation path with the inclusion of the he” two antennas used.
Theoretical values for AFtoT are given in table E

Note that: VpjrecT = V| — C1 - CRr

where

separation, horizontal
To accomplish thi ~

instrumentation availe

At each the receive antenna is scanned over the height range given in the
maximize the received signal. These measured parameter values are
inserted_in equation (1) to obtain the measured NSA. Annex E contains a suggested
procedure approach to record the data, calculate the measured NSA, and then compare it
with the theoretical NSA.

b)—~Swept frequency method

For this method, measurements using broadband antennas may be made using automatic
measuring equipment having a peak hold (maximum hold), storage capability, and a

tracking generator. In this method both antenna height and frequency are scanned or swept
over the required ranges. The frequency sweep speed shall be much greater than the
antenna height scan rate. Otherwise the procedure is the same as in a). A detailed
procedure is given in annex E.



https://iecnorm.com/api/?name=345e2408b1e0553482f188c60c5e6160

CISPR 16-1-4 © IEC:2003+A1:2004 - 47 -

5.6.2 Antenna factor determination

Accurate antenna factors are necessary in measuring NSA. In general, antenna factors
provided with the antenna are inadequate unless they are specifically or individually measured.
Linearly polarized antennas are required. A useful antenna calibration method is contained in
annex E. Manufacturer's antenna factors may account for losses due to the balun among other
features. If a separate balun or any integrally associated cables are used, their effects must be
accounted for. The formula to use for tuned half-wave dipoles is also contained in annex E.

5.6.3 Site attenuation deviations

If measurements of NSA deviate by more than £4 dB, several items should be re-checked-first:

a) measurement procedure;
b) accuracy of antenna factors;

c) drift in signal source or accuracy of receiver or spectrum ana
reading.

If no errors are found in a), b) and c), then the site is a
possible causes of site variability should be made. Annex F
with NSA measurements.

ost are protected from the weather and the adverse effects of the
ese include all weather-covered open area test sites and absorber-

Whenevet.construction material encloses a test site, there is the possibility that the results of a
single{nermalized site attenuation (NSA) measurement, as specified in 5.6, are not adequate to
show such alternative site suitability.

T0 assess alternative test site suitability, the following procedure is recommended. It is based

on—m a¥alliaa) a A mae aman hrovaho a ma o niad b haca N A

measurements shall all come within the error budget of +4 dB to be judged suitable as an
equivalent to an open area test site.
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The discussion in this section concerns alternative test sites which have a conducting ground
plane.

5.71 Normalized site attenuation for alternative test sites

For an alternative test site a single NSA measurement is insufficient to pick up possible
reflections from the construction and/or RF-absorbing material comprising the walls and ceiling
af the facility For these sites a "test volume" is defined as that volume traced out by the largest

equipment or system to be tested as it is rotated about its centre location through 360°, such
as by a turntable. In evaluating horizontal and vertical polarization, such a$s
illustrated in figures 6a and 6b, it may require a maximum of 20 separate site attenuation
measurements, i.e. five positions in the horizontal plane (centre, left, right, front, and\rear,
measured with respect to the centre and a line drawn from the centre to-the_position“\of the
measuring antenna), for two polarizations (horizontal and vertical), and_| oheights (1 m
and 2 m horizontal, 1 m and 1,5 m vertical).

For vertical polarization, the off-centre positions of the at the periphery of
the test volume. Furthermore, the lower tip of the an than 25 cm from the
floor, which may require the centre of the antenn i an 1 m for the lowest

For horizontal polarization measuremen ght positions if the distance between
the construction and/or absorbing matg exwalls and EUT periphery is less than
1 m, the centre of the antenna is moved tg al position so that the extreme tip of
the antenna is either at the~periphe ’ _thé periphery by not more than 10 % of

the test volume diameter. S oSiti are at the periphery of the test volume.

a) The vertical X K izati easurements in the rear position may be omitted if
the closest point jon and/or absorbing material is at a distance greater than

of harizontal polarization measurements along the test volume diameter
joining ight positions may be reduced to the minimum number necessary for

c) The vefttical 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.

d) If<the test volume is no larger than 1 m in depth, by 1,5 m in width, by 1,5 m in height,
including table if used, horizontal polarization measurements need only be made at the
centre, front and rear positions but at the height of both 1 m and 2 m. If item a) above
applies, the rear position may be omitted. This will require a minimum of eight

easurementsfour positions verticalpotarization (teft, ctemntre, Tight, and—front)for one
height, and four positions horizontal polarization (centre and front) for two heights; see
figures 6¢c and 6d.
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NSA measurements shall be performed with the transmit and receive antenna separation
held constant according to tables 1 and 2. Note that these tables have been modified to
accommodate these NSA measurements by adding values for an additional transmit height
and to limit the 30 m scan height to between 1 m and 4 m. The receive antenna must be
moved to maintain the appropriate separation along a line towards the turntable centre (see
figures 6a, 6b, 6¢c and 6d). The alternative test site is considered suitable for performing
radiated emission testing if all NSA measurements prescribed above meet the requirements
of 5.7.2 and the ground plane requirements of 5.7.3 below.

NOTE Studies are underway to determine if any further tests are required to show alternate test site suitability.

5.7.2 Site attenuation

A measurement site shall be considered acceptable for radiated
measurements if the measured horizontal and vertical NSA measurements
the theoretical normalized site attenuation for an ideal site.

agnetie field
in-+4 dB of

5.7.3 Conducting ground plane
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Scanned 1 mtod4m___ \
in height

Antenna to be relocated

to maintain constant
distance R

IEC 1302/93

Figure 6a — Typical &
Vertical pola

Scanned 1 mto 4
in height

Antenna to be relocated
to maintain canstant pza
distance 4 ' N R p = Periphery of EUT as it is rotated
7 through 360°

hy=1mand2m

R = Distance maintained between the vertical

projmmﬂnrmm
receive antennas
IEC 1303/93

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

Scanned Tt mto4m 75{

Antenna to be relocated
to maintain constant
distance A

a’volume of 1 m depth, 1,5 m
e closest material

Scanned 1
in height

Antenna to be'relocated

to maintain-constant g A
distance R S -
7 \a R
& 0,75 m \\
~ ‘\//

R = Distance maintained between the vertical

14193

At P Y it ol
o-oermre-oeransmti—anca

receive antennas

protection-of-th
Pf HOR-O+%

IEC 130593

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
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Table 1 — Normalized site attenuation
(recommended geometries for tuned half-wave dipoles with horizontal polarization)

Polarization Horizontal Horizontal Horizontal
R 3m 10 m 30 m
hq 2m 2m 2m
ha 1mtodm 1mtodm 1mtodm
fm AN
MHz dB
30 11,0 24,1 41,7
35 8,8 21,6 RN 39,1

40 7.0 19,4 /\\ \36\8

45 55 17,5 /] \&4,7

50 4,2 15,9 AN\ a2/

60 2.2 13,1 Q \ 2}8

70 0.6 1@ \ 0 \ 27,2

80 07 o N WA\ N 249
90 1,8 [ %8 P 23,0
100 2,8 67\ 21,2
120 4.4 A Vv 18,2
140 58\ N e 15,8
160 67 ([ 23 13,8
180 72\ \, 1,2 12,0
200 N \[-84 ~ W 03 10,6
250 ~10(p / 1,7 7.8

700 19,7 —10:6 -1,4
A

<6/o\o\\ . \ -20,8 ~11,8 —2,5

oo W\ N, 218 ~12,9 3,5

1000 -22,7 -13,8 -4,5
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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
h4 1m 1m 1m 1m 1,5m 1m 1m
ha 1mtodm 1mtodm 1mtodm |1mtodm|i1mtodm|imtodml|imtodm
fm AN

MHz dB
30 15,8 29,8 47,8 8,2 9,3 16,7 26,0
35 13,4 27,1 45,1 6,9 8,0 5,4 24,7
40 11,3 24,9 42,8 5,8 7, /\14, 23,5
45 9,4 22,9 40,8 4,9 NN 22,5
50 7.8 21,1 38,9 4,0 N5a\ Y\ 123 21,6

60 5.0 18,0 35,8 2,6 \4\\1\ \QJ} 20

70 2.8 15,5 33,1 1< \\f\x{ \ 9.4 18,7
80 0,9 13,3 30,8 PN \2,\5\ 83 17,5

90 ~0,7 11,4 28,8 \{1) 73 16,5

Aoy
100 -2,0 9.7 27 (\NAFr/ N[ N\ 19 6.4 15,6

120 —4,2 7.0 < 9" ( -Q,s\) )\/1,3 4,9 14,0

140 6,0 a8 N\ 22 “18A{ 15 3,7 12,7
160 74 3,1 19 N7 37 2,6 11,5
180 86 17 N L 53 1,8 10,5
200 96 6 153 W) 36 67 1,0 9,6
250 17| (N[ ONhe/ | 77 9.1 05 7,7
300 198N | >3 8 10,5 ~10,9 15 6,2
400 RN 59 46 14,0 12,6 4.1 3,9
500 AS 279N\ 1,8 16,4 15,1 6,7 2,1
600 N9, o 0 16,3 16,9 87 0,8

700 5206 A\ 10,8 1,3 18,4 18,4 10,2 0,3

80g” ™\ \ 7,3 Z12,0 2,5 ~20,0 ~19,3 —11,5 1,1

900 \-2\2\5 ~12,8 3,5 21,3 ~20,4 ~12,6 1,7

1000 —23,5> -13,8 —4,4 -22,4 -21,4 -13,6 -3,5

*

This data .applies to antennas that have at least 25 cm of ground plane clearance when the centre of the
antennas is 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 thée
transmitting antenna or EUT reaches the receiving antenna. All indirect and reflected waves
shall be minimized with the use of appropriate absorbing material on all walls, the ceilingvand
the floor of the FAR.

5.8.2 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

SR

%0 A\
2 /\< DIz

30

/ 1/

- TR
N
\{ \\\JFK
om N
DQ Y ™S N 30m
& N
pd NN N
N \\\\ \\\ 1om
10 L U
\\ N 5m
\\\ 3
_‘% ‘\> m
230
—40
-50
10 100 1000

Frequency MHz

TEC 00/U4

Figure 9 — Graph of theoretical free-space NSA as a function of the frequency for
different measurement distances (see equation 4)

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.
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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)

SA =20log,, (520 j d -20log,of., +AFg +AF; )
2n J 1,
(a)*  (Ba)*
where
AFR, AFt are the antenna factors of the receive and transmit a
d is the distance between the phase centres of both antex
Zy is the reference impedance (i.e. 50 Q);
B is defined as 21 /4, and
fn is the frequency in MHz.

The theoretical normalized site attenuation (N ds site attenuation with

respective antenna factors subtracted,

NSAcac = > = 20l0g10fm (3)

Below 60 MHz a@ istaf ¥Z at a 3 m distance, it is necessary to apply near
field correction factops far e

theoretical NSA o aiidn (2). Near field correction factors are specific to the

antennas, test dista J tes me used, and therefore must be obtained by using a
numerical modelli R_as NEC. Alternatively the site reference method of 5.8.2.2.1
provides can eld terms if the same antennas and frequencies are used for
both the gite refer easurement and FAR validation.

NSAcac = 20|0910{ A
2n

} - 20logyof (4)

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 Qﬂfiny the rpqnirpmpnt of 5 8 3 aver a r‘ylinr‘lrir‘ql test volume gpnpmfpd hy the

rotation of the EUT on the turntable. In this context “the EUT" includes all components of a
multi-unit EUT and the interconnecting cables. Table 3 defines the maximum height and
diameter (h . = dyax) Of the test volume as a function of test distance. This ratio between
diameter and test distance ensures an acceptable uncertainty in EUT emissions testing.

Table 3 — Maximum dimensions of test volume versus te istan
Maximum diameter d,;. Test distan
and height h,,, of the test Dyomifal
volume

m RN W >
s NN

25 [~ % >
5.0 A\ /Ao

A single position SA (site attenuation)
reflections from the room construction sorbing material lining the walls, floor, ceiling
and turntable of the FAR.

— at 5 positions in<a i i és: centre, left, right, front and rear positions in each
horizontal plagde.\['t ar-positi ay be omitted if the distance between rear position and
absorbers j . Bdring EUT testing, the rear position on the turntable is also
turned to( the & contribution of the back reflection will then not affect the

maxi
For SA me broadband antennas shall be used: one transmit antenna with its
reference pointkat the measurement positions of the test volume and one receive antenna

outside this-test e at a prescribed orientation and position. The transmit antenna shall
have an @approximately omni-directional H-plane pattern. (The maximum dimension shall not
exceed)40 cm for a 3 m test distance; at larger distances, the size of the antenna can be
scaled 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 \/nlumo, as shown in I:igurnc 10

and 11. 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
calibration) and the front position of the test volume is d,gming- YWhen the transmit antenpavis
moved to other positions in the test volume, the receive antenna shall be translated along’“the
measurement axis to maintain d,,;ming- The measurement axis is the line betwegen the transmit
and receive antenna, along which d,ying is defined. For all positions and polagizations, the
receiving and the transmitting antenna must face one another witk( the @lemenis of both
antennas parallel (tilting, see Figure 11). Any antenna masts and thg g Hoors\shall be
in place during the validation procedure.

Top view

40 cm
(max.)

Side view

J— Bottom (hp)

Key
® Measure at this location in dnominal  Fixed distance between the reference
vertical and horizontal polarization points of the antennas

IEC 267/04

Figure 10 — Measurement positions for the site validation procedure
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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 11).

j is the test distance associated with the limit;
is the fixed antenna distance in the validation procedure;

: }
romTan

L is the antenna separation in the antenna calibration procedure.

The transmit antenna height position in the test volume shall be determined as follows:
"Middle" where possible along a virtual axis positioned at mid-height and mid-width(of the
FAR;

“top (hy)" and “bottom (h,)“ by half of h,,, (see Table 3) minus half of it antenna
dimension (e.g. 20 cm for small biconical antenna).

These adjusted positions shall be used for both vertical and horizontal dpolarizations. The
distance between the top and bottom planes and the ceiling and spectively is
given by the absorber performance as determined by the V¢ but at least
0,5 m, to avoid EUT to absorber coupling.

Top view

Side view

~<
-~
-
-
~~
-~

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

IEC 268/04

NOTE Antenna polarization horizontal, position top right.

Figure 11 — 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:

an

a) the site reference method, which is required for test distances less t

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

— For a vertically-polarized antenna,
behind each antenna before droppi

— Attenuators at the a

large impedancge \ .
— Antennas wid balante ofthe baluw’shall be used (the receiver reading changes less
than £0,5 dB when th i p

axis. Antenna erification miéthods are described in 4.4.2).
— Separate biconicahand [ erinas for chamber evaluation may be used (antenna type is
changed at 2Q0\MHN hese wiII be used for EUT testing. A hybrid (biconicaI/LPD

changes in-room tharacteristics, and when changes that might influence the electromagnetic
wave transmission characteristics in the fully anechoic room occur.
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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,) 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 conpected
together, normally done once before a series of volumetric tests.

The site attenuation of the validated site SA, ;| can be calculated
SAy5 =MO-M1 indB

val ~

(5)

SA,¢(d) is calculated using Equation (6).
ASA = SA(d) — SA,,

NOTE At 3\ seatin at 30 MHz there is a significant near field term (1/d2) that alone contributes an error of
0,8 dB for a height\of 5/8. Thi§ was verified by the national laboratories of both the UK and Austria. For a site
reference with @n“Uncertainfy of less than +0,5 dB a height of 8/3 is recommended if no absorber is placed at the
ground.

The djstance shall be equal to the actual distance d,,ina between the antennas used in the
FARThe antennas are polarized vertically (horizontal polarization shall not be used because
ofesironger interference with the ground-reflected signal). It also provides a good approximation
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.
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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 12, or using RF-optical links.

The quality of the reference set-up directly influences the FAR evaluation result.

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

4
I

N W 72 : 4l £ ! 1 () 41 : : TSR W] AT 1l P
) lVIURS IS WS TTITICTILC 1TVl TTICasUrcU Dy IS TTUTIVET 1T UDHUV WILIT T LdUICS CUTITICULICU

together.

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

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

is/fulfilled. For site
set-up that has been

Network analyser

IEC 269/04

Key.
02 minal Validation distance
h height of the antennas abave a ground plane or ahove 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 12 — Typical free-space site reference measurement set-up



https://iecnorm.com/api/?name=345e2408b1e0553482f188c60c5e6160

CISPR 16-1-4 © IEC:2003+A1:2004 -77 -

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 each measurement position is performed in 4 steps as follows.

1) MO is the reference level measured by the receiver with the cables connected together.

3

9) M1 is the level measured hy the receiver with the antennas installed

The measured NSA (NSA,,) is calculated in dB according to Equation (9)
NSA,, = MO - M1 — AF; — AFg indB 9)

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

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

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

calc

dnonimal-

5.8.3 Site validation criteria

— deviations of the SA of tf : quation 10) shall be less than £4 dB for
i2ati )d” for each measurement position and

must be reperted

— the uncertai S { i n according to CISPR 16-4-2 recommendations
measurements op
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6 Reverberating chamber for total radiated power measurement

For some types of equipment operating in the microwave frequency range, because of the
existence of complex three-dimensional radiation patterns which are sensitive to equipment
operating conditions and its surroundings, the measurement of total radiated power is
considered to be a significant parameter related to disturbance control. It can be measured by
placing the equipment in a suitable chamber with metal walls. To avoid effects of standing

WAaAvGoeo that VV\JU:d UthUIVV;OU PIUdU\JU LLAYA N UII;fUIIII d;Otl;but;Ull \Jf UIIUIU_Y dUIIO;ty vv;th HUO;t;UII ;II
the chamber, rotating stirrers are installed. With proper size, shape and position, the energy
density at any position in the chamber varies randomly with a constant statistical distributien
law in phase, amplitude and polarization.

6.1 Chamber
6.1.1 Size and shape

The linear dimensions of the chamber shall be large relative tg

epend on the physical
characteristics of the chamber. See 6.1.4 for method syitability of the chamber.

The walls and the stirrers shall be m i he metallic members shall be
mechanically sound and of low electric 3

chamber.

6.1.2 Door, opening

The enclosure doo
It shall open out,
transmitting and recg

the walls.

If rotating*vanes are used, two vanes are placed on adjacent walls of the chamber spaced at
least™{/4 of the maximum wavelength used from the walls and of sufficient thickness to be
rigidh " They shall be of the maximum length allowed by the wall sizes and their width shall be
about 1/5 of the length.

6.1.3.2 Rotating paddles

If rotating paddles are used, two or three paddles are mounted on the walls of the chamber.
The paddles shall be mutually at right angles. The paddles may be of the shape shown in
figure 7 and rotate about an axis parallel to their length. The diameter of the swept tubular
space shall be at least equal to the maximum wavelength used, and the lengths shall be the
maximum allowed by the wall sizes. The structure shall be rigid.
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Four right-angled sheets bolted to end-pieces

End-piece

6.1.3.3 Rotating speed

The rotation speeds of the stirrers_shall b
stirrers shall be less thaf 1/5_qf theNnte

e longest time for one rotation of the
e of the measuring instrument. For the
rate is between 50 rev/min and

The coupling attenuation is measured over the usable frequency range of the chamber. At the
lower frequencies where the maxima and minima are observable, values shall be measured at
about 00 MHz intervals. The receiving antenna then remains fixed, the transmitting antenna is
rotatedat 45-degree intervals and the test is repeated for each position and at each frequency.
Theswhole test shall be repeated again with the receiving antenna rotated at 90 degrees. The
stirrers are considered satisfactory when: (1) the envelope of the graph of the maxima and the
minima does not exceed 2 dB in any position of the transmitting antenna, and, (2) the means of

the Tour graphs are within an envelope of Z db or Iess. Figure o shows a typical result.
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40

Q
@®

20

Coupling attepuation (dB)

= —=F
L

}
\ Minimum useful frequency

mber. A calibrated signal generator
used to feed power to a low-loss

oward the transmitting antenna, towards the
chamber axis.

noted. The ecoupling attenuation is 10 Ig (P/p) dB.

7 TFEM cells for immunity to radiated disturbance measurement

(under consideration)

8 Test sites for measurement of radio disturbance field strength
for the frequency range 1 GHz to 18 GHz

The test site shall rely on reflection-free conditions. It may be necessary to use absorbing
material and/or to raise the height of the EUT to achieve these free-space conditions.

NOTE In the case of floor standing equipment tests, reflection-free conditions may not be achieved close to the
ground.



https://iecnorm.com/api/?name=345e2408b1e0553482f188c60c5e6160

CISPR 16-1-4 © IEC:2003+A1:2004 -85 -

8.1 Reference test site

The reference test site shall be a free-space, open area test site (FSOATS) with precautions to
ensure that reflections do not influence the measurement.

8.2 Validation of the test site

The procedure to be used to validate the test site and the allowed tolerance with regard to the

ideal free-space conditions for a site to be accepted (e.g. 4 dB as currently specified below
1 GHz or a lower value) is under consideration.

8.3  Alternative test site

Any measurement site that achieves free-space conditions is a possible alt tesisite.

3
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Annex A
(normative)

Parameters of broadband antennas

A.1 Introduction

As new and improved antennas are used in making both radiated emission and immunity
measurements over wide frequency ranges using scanning receivers or spectrym analyzers, it

Broadband antennas used for C e%
polarized and are intended\{or awide frequency range. This does not prevent the use
of antennas with limit j ent ner_the' addition of antenna element sections. The

impedance of such an| ' xmprised of both real and imaginary impedances.
Other parameter: 2 S i contained below.

A.2.1

The following paraxpet [ e physical parameters of broadband antennas that should
be provided.Notetha ameters may not apply to each antenna.

A.2.11 le of fixed or variable length or diameter

If the antenfa has @ variable length, specify the number of sections that are added or
subtracted ‘to)change’the basic fixed length.

NOTE <{Fully tunable antennas are not considered to be broadband and hence would not be specified herein. The
diamgéter-of loop antennas are generally not variable.

A2.1.2 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.21.3 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.

A21.4 Mounting arrangement

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

A.21.5 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.2.21 Frequency range

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

antenna operates within its
per octave at either end of

A.2.2.2 Gain and antenna factor

A.2.2.2.1 Gain

Specify antennaspattexn and directivity in degrees with a polar plot in both the E and H planes.
For less directionakarntennas, specify the front-to-back ratio in decibels. If omnidirectional, so
state.

A.22.4 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

A2.3.1 Method of calibration f o I

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

a) calculated (indicate formula used);

b) measured (specify the method or standard used or the traceability tq ional calibration

laboratory, and whether antennas are calibrated individually).

NOTE For immunity measurements, field strength calibrations are generally magé % _calibrated

antenna located at the place of the appliance being subjected to the radiation. He required
on the transmit antenna.

A.2.3.2 Frequency interval

Indicate the frequencies in megahertz or kilohertz ibration process; if a

swept frequency procedure is used, so state.

A.2.3.3 Accuracy of calibration

to those of the
convert from th
measurement unit oy

A.2.4.1 Antenna use

Provide a description of the use of the antenna. Ensure that any special precautions or
limitations are cited to reduce the chance of misuse.

A242 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;
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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;

simple ohmic check to determine continuity integrity of antenna;
minimum separation of the closest antenna element to the appliance being measured.

@%
&
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Annex B
(normative)

Monopole (1 m rod antenna) performance equations and characterization
of the associated antenna matching network 2

B.1 Description

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

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

appllcable The techniques defined in this annex are applicablé
Using due care, this method has been used commercially with

designing jigs for types of antenna wh
connector. Finally, care in the use of the—¢

The following equations axg i 1€’ effective height, self-capacitance and height
correction factor Y of unusual dimensions.

They are valid only f ' chantefhinas shorter than A/8 [8] 3.
h
=—+tan— 11,12], [3] (B.1
he=-—tan— (11, 2], 3] (B.1)
tanﬂ
55,6h
Ca- 4 [31, [41, [5. [6]. [7). 18] (B.2)
h 21h
(In—)-1 ——
a A
Cnh=20log he (B.3)
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;
C, is the self-capacitance of the rod antenna, in picofarads;

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

3) Figures in square brackets refer to the reference documents cited in clause B.5.
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a is the radius of the rod element, in metres;
Cy, is the height correction factor, in dB(m).

B.2 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
the output from the matching network or base unit of the antenna is measured using the
test configuration shown in figure B.1. The antenna factor (AF) in dB(1/m) is given (by
equation (B.4).

AF=Vy-V, -C;, (B4)

where

Vp is the measured output of the signal generator, in dB(uV);
V| is the measured output of the matching network, in dB(uV);
Cy, is the height correction factor (for the effective height),

For the monopole (1 m rod) antenna commonly uged /n E
height (hg) is 0,5 m, the height correction factor (G)\is 26 d@n) e self-capacitance (C,)

is 10 pF.

antenna is used in both pre \ . ¢ .8 fdr guidance in making a dummy antenna.
Measurements shall bg of frequencies to obtain a smooth curve of
antenna factor versus o 1S erating range of the antenna, or 9 kHz to 30 MHz,

whichever is sm@

NOTE Attenuator pads are not needed with the network analyser because the impedances of the channels in the
network” analyser are very nearly 50 Q and any errors are corrected during network analyser calibration. Attenuator
pads/may be used, if desired, but including them complicates the network analyser calibration.

B:2.2 Radio-noise meter and signal generator procedure

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

b) 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.

Network analyser
Matching network Oscillator
under channel Reference Test
characterization (output)  channel Char:{\
Antenna g L 4 <

port
50 Q
measurement
(port B)
Dummy _/ ~ A
antenna \

<
50 Q T-connector (A) /\
\)/-\

C 1914/02

e the T-connector as close to the
the T-connector and the reference

) Matching network RF

signal under receiver

(ator characterization
tenna

\%L.

Dummy
antenna

<

50 Q

43 X_measurement
@ / port (B)
P =

Components

El 50 Q Load

IE' 10 dB attenuator pad IEC 1915/02

50 Q T-connector (A)

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
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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
spaced 5 mm to 10 mm from the surface of the metal box or frame. See figure B.3.

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

ito the dummy
ay also be

Capacitore

Connector, e.g. BNC

Low capacitance connector
to mate with rod input port

IEC 1916/02

Components

A monopole rod anterina is typically designed to be used with a counterpoise or to be mounted
on a groundplane. To obtain correct field strength values, the manufacturer's instructions or
recommendations regarding the use of the counterpoise or groundplane should be followed.

If the antenna uses a telescoping rod element, the element shall be extended to the length
specified in the manufacturer's instruction.

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 measure-
ment standard shall be met.
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B.5

(1]

(2]

Reference documents

IEEE 291-1991, |IEEE Standard Methods for Measuring Electromagnetic Field Strength of
Sinusoidal Continuous Waves, 30 Hz to 30 GHz. IEEE, Inc., 445 Hoes Lane, PO Box 1331,
Piscataway, NJ 08855-1331 USA, p. 28-29.

GREENE, FM. NBS Field-Strength Standards and Measurements (30 Hz to 1000 MHz).

(3]

(4]

(5]
(6]

(7]

(8]

Proc. [EEE, No. b, June 1967/, vol. 99, p. 9/4-9381.

SCHELKUNOFF, SA. and FRIIS, HT. Antennas: Theory and Practice. New York: John
Wiley and Sons, Inc., 1952, p. 302-331.

SCHELKUNOFF, SA. Theory of Antennas of Arbitrary Size and Sha ¢ jof .the IRE,

Sept. 1941, vol. 29, p. 493-592.

p.16-17, 71, 184 and 487.

The Radio Frequency Interference
School of Electrical Engineering, Unjve

, by The Staff of the Moore
i, 1962, p. 36-38.
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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.1 Introduction

This annex sets forth information and data concerning the loop antenpia system(LAS) to

large-loop antennas (LLAs),
a non-metallic base.

C.3 _Canstruction of a large-loop antenna (LLA)

Adarde-loop antenna (LLA) of the LAS is constructed 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

exampile, wnen using aouble-pralded snield KRG £ZZ5/U COoaxial 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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@ 2m (3%)

A

Y

—_————— 1=

s under test

f Equipment
|
|

Coaxial F
switch
3 —
d
! |
Measuring ////
equipment / ////
] gy
77
L..) 4
77
/7
7/ 77
///
B N = e B_a_?f ‘and table: non-metallic //
TS T s e /4
T s 10
IEC 1004/97

S = antenna 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 diameter 25 mm (thin-walled)

Slit + I

Coaxial cable
RG 223/U

Figure C.2 — A large-lodp
positioned symmetrica

gpposite slits,
rrent probe C

The loop diametepha
EUT, D may b@
allowable diamete )

resonances of the LA

cable as shoewn in figure C.3, shall have a width of less than 7 mm. The slit is bridged by two
parallelysets of 100 Q resistors in series. The centre of each series circuit is connected to the
inner-conductor of the coaxial antenna cable.
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— |

Max 10 mm

|t~

Coaxial cable

RG 223/U -

Slit construction
IEC 1006/97

Figure C.3 — Construction of the antenna slit

Printed circuit board wi
two copper rectangles
soldered to the qute

conductor

IEC 1 007/97

antenna-slit construction using a strap of printed circuit board
to obtain a rigid construction

The current jprobe~afound the inner conductor of the coaxial antenna-cable shall have a
sensitivitynof 1 V/A over the frequency range of 9 kHz to 30 MHz. The insertion loss of the
currentprobe shall be sufficiently low (see note 1).

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 mf L; at f = 9 kHz, where L,
represents the inductance of the current probe. In addition, (R, + R;) << X; = 2 mf 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 shall 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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Cc.4

The validation and calibration of a large-loop antenna (LLA) of the loop antenna system 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-

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

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(Vy.//))] of the
open circuit voltage of the RF generator (Vg,) and the measured current (/) shall not deviate

more than +2 dB from the validation factor given in Figure C.8.
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Figure C.7 — The eight positions of the balun-dipe
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The validation factor given in figure C.8 is valid for a circular LLA with a standardized
diameter D = 2 m. If the diameter of a circular LLA differs from D = 2 m, the validation factor
forsthe non-standardized LLA can be derived from the data given in figures C.8 and C.11
(cfause C.6).

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
reference ground of the BNC connector.

To obtain a rigid construction the dipole is supported by a non-conductive base.

C.6 Conversion factors

\ axis. Hence, in that case only the
horizontal dipole moments, i.e. the dipg el to the ground plane, are measured.

compare results of both
magnetic field measuring
or when in that method
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o -1
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Figure C.9 — Construction of the balun-dipole
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Figure C.11 >Sensitivity Sp of a large-loop antenna with diameter D relative to

a large-loop antenna having a diameter of 2 m

The relation between the magnetic field strength H in dB(pA/m) measured at a distance d and

the current 7 1n dB(pA) Is:

H [dB(uA/m)] =/ [dB(HA)] + Cya (dBm-T)

where Cypa is the current-to-field conversion factor for a certain distance d when expressing H
in dB(pA/m) see also the note after the following equation.
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In general, the conversion factor is frequency-dependent; figure C.10 presents Cgyp for
standardized distances of 3 m and 10 m. For the standardized distance d = 30 m the
conversion factor is under consideration.

The ratio Sp in decibels, of the current measured in a LLA with a diameter D, in metres, and
the current which would have been measured with an LLA having the standardized diameter
D = 2 m, are given in figure C.11 for several values of D. Using this ratio, the equation given

above-can-he writtan a2
S-0V-E—-Ca BB WHte a5

H [dB(HA/m)] = | [dB(MA)] — Sp(dB) + Cya (dBm-1)

NOTE For disturbance calculations, CISPR uses the magnetic field strength H in dB(uA/m) mstead of dB(jxV/m).
In this context, the relation between H expressed in dB(uA/m) and H expressed in dB(uV/

H [dB(nV/m)] = H [dB(pA/m)] + 51,5 [dB(Q)]

For convenience the conversion factor Cqy converting / [dB(
given in figure C.10.

at d = 3 m: H [dB(pA/m)] = X [dB(pA

at d =3 m: H [dB(uV/m)] = X [dB(pA =[X + (51,5 -19,5)] dB(pV/m)

b) Given: measuring freque
Then using figure

by subtracting, at each frequency, Sj, the value of the
Figure C.11, from the validation factor as given in Figure C.8.

C.7 Reference document

A Large-Loop Antenna for Magnetic Field Measurements, J.R. Bergervoet and H. Van Veen,
Praceedings of the 8th International Zirich Symposium on EMC, pp 29-34, March 1989, ETH
Zentrum - IKT, 8092 Zirich, Switzerland.
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Annex D
(informative)

Construction details for open area test sites in the frequency range
of 30 MHz to 1 000 MHz
(clause %)

D.1 General

are described in this annex. A positive way to assure the suitabil
perform NSA measurements as described in 5.6.

D.2 Ground plane construction

D.2.1 Material

should have no voids or gaps with lineardimensions that are an appreciable fraction of a
wavelength at the highest pneasurement frecy. he.fecommended maximum opening size
for screen, perforated grating\ox_expand p

wavelength at the highest

preferably contin s
coatings, such éi Sa
unacceptable site

Q

shall be perfarmed to gdetermine whether the roughness is acceptable.

D.3 _<&Services to EUT

Electrical service or mains wiring to the EUT should be run under the ground plane to the
maximum extent possible and preferably at right angles to the measurement axis. All wires,

ground’ plane. When underground routing is not possible, service to the EUT should be placed
on top of, but flush with, and bonded to the ground plane.
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