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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

1) The International Electrotechnical Commission (IEC) is a worldwide organizatio izati mprising
all nlational electrotechnical committees (IEC National Committees). i promote
interpational co-operation on all questions concerning standardization in th jelds. To
this end and in addition to other activities, IEC publishes International/Standards, i ifications,
Techpical Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guides (h as “IEC
Publication(s)”). Their preparation is entrusted to technical committegs i interested
in the subject dealt with may participate in this preparatory wo nd non-
govefnmental orgamzatlons Ilalsmg with the IEC also part|C|p 3 g coIIaborate; closely
with hined by
agregment between the two organizations.

2) The formal decisions or agreements of IEC on technical’'mattersex , ible, international
consensus of opinion on the relevant subjeti{s singcé\each i i i from all
interg¢sted IEC National Committees.

3) IEC Publications have the form of recommendatio Qr inte ional_us National
Cominittees in that sense. While all reasonable effo i t of IEC
Publications is accurate, IEC cannot be y for any
misirjterpretation by any end user.

4) In on lications
trans iyergence
betwe icated in
the 13

5) IEC for any
equig

6) Allu

7) No li erts and
mem agmage or
other bes) and
expe of ;Xthe publi€ation, use of, or reliance upon, this IEC Publication or any ofher IEC
Publi

8) Attenti ative references cited in this publication. Use of the referenced publigations is
indis application of this publication.

9) Attention is drawn~o tHe possibility that some of the elements of this IEC Publication may be the spbject 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 first edition of CISPR 16-1-4, together with CISPR 16-1-1, CISPR 16-1-2, CISPR 16-1-3
and CISPR 16-1-5, cancels and replaces the second edition of CISPR 16-1, published in 1999,
amendment 1 (2002) and amendment 2 (2003). It contains the relevant clauses of CISPR 16-1
without technical changes.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
2004. At this date, the publication will be

e reconfirmed;

e withdrawn;

e replaced by a revised edition, or
e amended.

@%
o
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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 | measiiring é

CISPR 16-1-1 Measuring apparatus

Radio disturbance

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

and immunity CISPR 16-1-3 Ancillary equipment — Disturbance power

apparatus . CISPR 16-1-4 Ancillary equipment — Radl?{ed distyrbances

Antenna callbratlon te SIES f
CISPR 16-1-5 | A\ enna o @"\\P‘Z\
em

CISPR 16-2 | measurement of <
disturbances and CISPR 16-2-3 | Radiated disturban easurdments
immunity ?d/\sK}:g CY\ }s{n
CISPR 1624 | Impunity measupaipents
CISPR 16-3 | CISPR technjcal¥&ports \\
CISPR 16-4- UncertAintigs imstandardised EMC tests
Reports and \ }}é }k }i
CISPR 16-3 | recommendations CISPR 18~ Mea{ure@bti stpdmentation uncertainty

4
\A
CISPR 16-2-1 Conducted distyrba r
Methods of Zy CISPR 16-2-2 Measuremenf\of d;:ik});\c:\tt)%i >
R

of CISPR < ' v —
tatls\ﬂgyderatlons in the
CISPR 1§- termination’of EMC compliance of mass-
_ produced products

CISP]

- Uncertainty in EMC 7 \Q{iti?}cs of complaints and a model for the
R 16-4 measurements/\ &S i \Sal lation of limits

More s
CISPR
REFER

Measu
the me
reports
are giv|

CISPR
disturb

{~

and background on CISPR and radio disturbances in
R 16-4 contains information related to uncertainties, sf

bnce~and immunity measuring apparatus and methods — Radio disturban

immun

pecific infg iQ be een the ‘old’ CISPR 16-1 and the present ‘new’
16-1-4 i CROSS
ENCES).

, while
Various
peneral
atistics

r radio
ce and

y\heasuring apparatus:

e Part 1-1: Measuring apparatus,

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

e Part 1-3: Ancillary equipment — Disturbance power,

e 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

Annexgs

O

X

P

K

G

L

Figures

13, ...,.|17

51

18,19

) <
P.1, ... JP.11

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 —

1 Sc

Ancillary equipment — Radiated disturbances

ope

This p3

range 9

Specifi
reverbe
of radig
Method

is give
Part 4

2 No

kHz to 18 GHz.

cations for ancillary apparatus are included for: antennas
rating chambers.

pf CISPR 16.

rmative references

cs and
quency

Is, and

| levels

rbance
ered in

ition of

iances,

fus and

The following reference able for the application of this document. For
dated fdeferences, onl or undated references, the latest ed

the refg¢renced d

CISPR

electric

CISPR :

methods, ~pPart

appara

CISPR
methoqg

16-1-5:2003, Specification for radio disturbance and immunity measuring appara
s/=-Part 1-5: Radio disturbance and immunity measuring apparatus — A

asuring

fus and
ntenna

calibra

ion“and site validation

CISPR 16-2-1:2003, Specification for radio disturbance and immunity measuring apparatus and
methods — 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

CISPR 16-4-2:2003, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 4-2: Uncertainties, statistics and limit modelling — Measurement instrumentation
uncertainties

|EC 6"\(‘\:(‘\/4R4 4000 Iintaorm ot
POOUTTU T ) TIIU, rrreeTTrataorTa

Electromagnetic compatibility

vy Elaootrotfanhnina] \aoaabirlaris LI\ /) Ohaont 161
T =T CTTOTC TTTITCar vocaouarary T=Vv r .

Internafional Vocabulary of Basic and General Terms in Metrology
for Standardization, Geneva, 2nd edition, 1993

3 Definitions

For thp purpose of this part of CISPR 16, the
IEC 60p50(161).

O See

3.1
bandwjdth (B,,)
the width of the overall selectivity ¢ c stated
attenugdtion, below the midband response 3 bol B,
where f is the stated attenyation in dec

3.2
CISPRJindicating rang
it is thg range sp i
indicatipns within

h meter

3.3

calibration te

open af ground plane and tightly specified site attenuation performance
in horiz field polarization.

A CALT mining the free-space antenna factor of an antenna.

Site at gurements of a CALTS are used for comparison to corresponding site

attenudtion 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-spgace-resonant dipole
wire antenna consisting of two straight colinear conductors of equal/en to end,
separafed by a small gap, with each conductor approximately a qu g such
that at[the specified frequency the input impedance of the wire pDss the
gap is pure real when the dipole is located in the free space

NOTE 1 tenna".

NOTE 2

3.8
site att
site att
by a tw g output
and regeiver input is replaced by transmitti eiving antennae placed at the specified
positioms

rmined

3.9
test antenna
combinfation of the.fre

For the purp@f
3.10

wire an
a specffi
electro

NOTE

ceiving

NOTE

The antennra—and—the—eireuits—inserted—between—it—and—the—measuring—recetrer—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 concerned.

The antenna shall be substantially plane polarized. It shall be orientable so that all
polarizations of incident radiation can be measured. The height of the centre of the antenna
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.
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4.1  Accuracy of field-strength measurements

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.

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.

4.21 Magnetic antenna
For mgasurement of the magnetic component of the radiation, eithg reened
loop amtenna of dimension such that the antenna can be complete e square
having |sides of 60 cm in length, or an appropriate ferrite-rod ante y
The unit of the magnetic field strength is pA/m or, in Ioganthm m). The
associated emission limit shall be expressed in the same upit
NOTE Direct measurements can be made of the strength of i i A/m of a
radiated [field under all condltlons that is, both in the near fi& 2 i ield. s i strength
measurir /m), i.e
assuming that the ratio of the E and H comp¢ S\ i . s dssUmption is justified undef far-field
conditior]s at distances from the source exceeding one € /2w), and in such cases the correct
value fo i ivi iCated on the receiver by 377, or by
subtractihg 51,5 dB from the E level in dB(uV/m) to give th 9
It should i E i s only under far-field conditions.
To obtainp the reading of H (nA/

(1)
To obtaif the reading of H dB(w.

(2)
The impg¢dance Z = 37 ing from
the calibfation of field s
4.2.2
The bala m field,
the ley -pofarization direction is at least 20 dB below that in the parallel

polarization di

4.3 requency range 150 kHz to 30 MHz

4.3.1 Electric antenna

For the measurement of the electric component of the radiation, either a balanced or an
unbalanced antenna may be used. If an unbalanced antenna is used, the measurement will
refer only to the effect of the electric field on a vertical rod antenna. The type of antenna used
shall be stated with the results of the measurements.

Information pertaining to calculating the performance characteristics of a 1 m length monopole
(rod) 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.
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The unit of electric field strength shall be uV/m or, in logarithmic units, 20 log(nV/m) = dB(uVm). The
associated emission limit shall be expressed in the same units.

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 —Balanceofantenna

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

4.4 Fkrequency range 30 MHz to 300 MHz
4.4.1 Electric antenna

The reference antenna shall be a balanced dipole.

4411 Balanced dipole

For frequencies 80 MHz or above, the in length, and for frequiencies
below 80 MHz it shall have a length eq € esonant length and shall b¢ tuned
and matched to the feeder by a sui otming device. Connection to the ipput of
the mepsuring apparatus shall be P\_a >symmetric-asymmetric trangformer
arrangément.

4.4.1.2
A dipolg shorter

a) theltotal length i ' ) it;

b) it ig ly well matched at the receiver end to ensure a jvoltage
stapding ws g . he cable of less than 2.0 to 1. The calibration shpll take

c) it hag’a polarization discrimination equivalent to that of a tuned dipole (see 4.4.2). Tq obtain

d) for |determination of the measured field strength, a calibration curve (antenna faftor) is
det¢rmined anthysed in the measuring distance (i.e., at a distance of at least threg times
the|lehgth of the dipole);

NOTE— The antenna factors thus obtained should make It possible to fullll the requirement ol measuring
uniform sine-wave fields with an accuracy not worse than +3 dB. Examples of calibration curves are given in
figure 1 which shows the theoretical relation between field strength and receiver input voltage for a receiver of
input impedance 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

4.4.21 Introduction

In radiated emission measurements, common-mode (CM) currents may be present on the
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

H H H Lt lo H o | ol
emissigmmeasturmgresunsmay-oemraencea:

The major contributions to the antenna cable CM currents stem from

a) thelelectric field generated by the EUT, if that field has a component\p
cable, and

b) the|conversion of the differential mode (DM) antenna sign
signal by the imperfection of the balun of the receiving

This subclause considers the balun contribution. Cg
last septence of NOTE 1 of 4.4.2.2).

In gengral, log-periodic dipole array aftenhas
the follpwing check applies to dipoles, biconical s

4.4.2.2

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

1) Set|the rece@e
abagve the grourigpla

ele:lnent of the a
planpe

2) Plage a
from the ce
rang
the|convers
than +0,5 d

of the transi ng/antenna shall include the frequency range of the antenna under test.

ntenna

b a CM

ion (see

on and

quency
5, both

f1,5m
r active
ground

f10 m

. If the
3 m (if
of less
ification

3) Conneéct the transmitting antenna to a signal source, for example, a tracking generator, set
the Tevel of that generator in such a way that, over the frequency range oi 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.


https://iecnorm.com/api/?name=ec862a23f0637ef8dc674913f20bb2d6

CISPR 16-1-4 © IEC:2003 - 27 -

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 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
with their respective NSA requirements.

NOTE 4 The horizontal distance of 1,5 m over which the antenna cable runs horizontally behind the centre of the
antenna Fhall be Kept as a minimum during actual vertcally polarized radiated emissions measulements. |

NOTE 5| It is not necessary to define a test set-up strictly because this effect is in large\g € interaction
of the arftenna and the part of input cable that lies parallel to the antenna elements. Thiere'is(a 5 er effect
which is |dependent on the uniformity of the field incident on the antenna in normal /£ S TS orin
a fully arjechoic room.

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

4.4.3 Cross-polar performance of antenna

When pn antenna is placed in a plane-polarized efectro i voltage

when the antenna and field are cross-polarized a ] erminal
voltagel when they are co-polarized. It is intended( tha vJo log-periodic dipole array
(LPDA) antennas for which the two ha! each dff hélon. The majority of|testing
with such antennas is above 200 MHz, [ i applies below 200 MHz. Thig test is
not intgnded for in-line dipole and biconi nten € a cross-polar rejection [greater
than 2  antennas and horn antenngs must
have a pe test by the manufacturer|should
confirm

In orde i Asikfre ions;—a” high-quality anechoic chamber or towers of
sufficignt height : outdpor range can be used. To minimize |ground
reflectipns set t K ica ized. A plane wave shall be set up at the gntenna

under test. The s€pdra : the> centre of the antenna under test and the |source

o set up a plane wave at the antenna under test. The crpss-polar

discrimi atlon a for L aye can be proven by transmitting between a pair of horn antennas|or open-
ended Heck e combination of site error and inherent cross-polar performance of one
horn antg W Uppression of the horizontal component by more than 30 dB. If the site errors are|very low

and if thé he tely 6 dB
lower thgn the>sombiked

An inte fering sign i [ i i i on the
desired phase
with the B, the

operator must calculate the uncertalnty and declare it W|th 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
4.5.1 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

Since, [at the frequencies in the range 300 MHz to 1 000 MHz, thé
dipole jantenna is low, a more complex antenna may be used. S
follows

sitivigy af the|simple
angen be as

a) Thg antenna shall be substantially plane polarized. S cked in the same
manner as for the balance of a simple dipole antenna-

b) Thg main lobe of the radiation pattern of the antefna s e in the

dirg und do
not

To htenna,
withi

1)

t direct

d’rr test
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
aperture 2¢ is'the same when horizontally polarized as when measured with the vertical
polatization.

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.

c) 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:

Ry, = D212

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

A s tie

In cas¢ similar
precisedly calibrated horn antenna shall take precedence.

NOTE Any calibrated, linearly polarized antenna, e.g. a log periodic dipol ke these
measurements. The gain of many antennas other than horn antennas in this§requeng 9 S i equate if
the antepnas are used with spectrum analyzers or older radio noise meteps., The testery| e overall
measurement sensitivity is at least 6 dB below the applicable limit at ] ,|and that
any megns used to improve sensitivity, e.g. a preamplifier, does no ious signals,|or other
overload| problems. Since a log periodic dipole array has a much flections
from the|ground plane may cause significant error in measurem array.
4.7 $pecial antenna arrangements

4.71 Loop antenna system

In the Z eyce capability of the magnetic field
compo - i fal loop
antenna system (LAS). S apat i asured in terms of the currents induced
by the magnetic field inthe g S - The LAS allows indoor measuremegnts.
The LAS consis ,|having
a diampgter of 2 given in
annex (.

The EL UT are
limited for the
routing routed
togeths 4 m to
any of

The thiee, mutually™p€rpendicular LLAs allow measurement of the interference capabilify of all
polarizations of the radiated field with the prescribed accuracy, and without rotation of the EUT

or changimgthe oriemtatiomof the tEAS:

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 S|tes are areas characterlstlc of cleared Ievel terrain. Such test sites shall be

void of b pipelines,
etc., ekcept as requwed to supply and operate the equment under efer to
annex D for specific construction recommendations for open area test sités gnetic

field tepts in the range of 30 MHz to 1 GHz. The site validation proeedure forgpemarnea test
sites is|given in 5.6 with further details in annex E. Annex F contains{th ! Nterion.

5.2 Weather protection enclosure

Weathe¢r protection is desirable if the test site is used . A weather

protect [ o i UT and field gtrength
measufi ] nsparent in qrder to
cause mno undesirable reflections and attenuation ~ i n the EUT.

The structure shall be shaped to allo , ice . details,
see anhex D.

53 Obstruction-free area

For open area test sites,\an 8 i ield-dtrength
measufing antenna is ‘ ignificant

scattergrs of electroma gide the
obstrudtion-free
measufing antenna: T«

-gtrength
buld be
perforned.

Since t iz¢ of the

object, rientation with respect to the EUT, conductivity and permittivity
of the pbj it is impractical to specify a reasonable obstruction-frge area
which | and sufficient for all applications. The size and shape of the obstfuction-
free ar ¢ dpon the measurement distance and whether or not the EUT| will be

rotated ite is equipped with a turntable, the recommended obstruction-free arga is an
ellipse |with_the receiwing antenna and EUT at the two foci and having a major axis gqual to
twice themeasurement distance and a minor axis equal to the product of the measyrement
distanceamdthesquare Toot 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
turntable, the obstruction-free area must be expanded so that the obstruction clearance
distances 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. Measuring apparatus and test personnel should be situated outside the obstruction
free area.

5.4 Ambient radio frequency environment of a test site

The an
of mea
four ca

a) the

c) son
suf
con

d) the

NOTE

bient radio frequency levels at a test site shall be sufficiently low ¢
surements to be performed. The quality of the site in this respe
egories, listed below in their order of merit:

ne ambient emissions are above the measurement
iciently long in time between transmissions to 3

Minor diameter =R 4_3

R R/2 v

'
Test sample,
/

Y

b levels
s5sed in

ic (i.e.,
hde) or

of the

ntained

7
'
-
-

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

IEC 909193

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

The gnound plane may ide i highly
conductive, metallic materiah 3 y sized
platforrh or roof site.| ANurfeta NG , i i nt and
applications, it m of the
metal ground plange” lidation
requirements in 5.6. t does
not chg etallic

materic and non-homogeneous soil. Such sites generally give

differern eristics compared to those with metallic surfaces.

5.6 %

The vajidati ocedyre and the requirements for the normalized site attenuation given here
are us i est site when a metallic ground plane is specified. For other tegt sites,
the val ossible
site irregularitiesthat should be investigated- icable to

absorber lined rooms. Such a procedure requires more detalled specrfrcanons 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
test site.

Table E.1 is used for broadband antennas such as biconical and log periodic arrays both
honzontally and vertlcally ahgned W|th respect to the ground plane Table E.2 is for tuned half-
wave dipetes with—Fespee - " tuned
half-wave dlpoles vert|cally al|gned Wlth respect to the ground plane N le E.3,
there g vest tip
of the 1

NOTE The reason for the different tables E.1 and E.2/E.3 is that different geg ical param Hopsen for a
broadband antenna and a tuned half-wave dipole, primarily because of practi { S atter.

Rgcord VR with

pdints 1 and 2 connected
and disconnected

2m Maximum
received

signal

; (2m)*

y g ZzZZame R
) e'dw ) 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)

* For 30 m separation distance
IEC 9)1193
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1
1
I
1
]
I
- 1
Tuned :
dipoles \
— T~ !
I
—-=1 7 4m
vy b ®m*
: : |‘ Maximum
(] MR received
hy=275m [ signal
1 | : 2 Y- 275m
: t 30 MHz
1
1
1
frx AFry AFax

25 cm clearance

N NioR
. [@) 7777727777770 % //@j@ !

\/i heldl constant

For 30 m separation distance

IEC 912193

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

NSA fq ies X shown in the tables may be found using straight-line
interpo

The led

tennas

fn Frequency in MHz.

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 = VDIReCT — VsiTE — AFT — AFR — AAFTOT (1)
where
AF; is the transmit antenna factor;
AFg is the receive antenna factor;

AAF-o¢| is the mutual impedance correction factor.

Note that the first two terms represent the actual measuge \attenuation, i.e., VplrecT —
VsiTe i$ equal to the classical view of site attenuatio i ed by the insertijon loss
of the|propagation path with the inclusion of the he” two antennag used.
Theoretical values for AFToT are given in table E

Note that: VpjrecT = V| — C1 - CRr

where
Ct and Cr are the cable i ( . mutual

impedgnce correction fa tor Q tal E i i of 3m
separation, horizontal >

To acdomplish thi NS on the
instrunentation ava ds give

essentially equal result G y i i . Bri thod is
described as fo :

a) Disgrete fre

For| this t in turn.
At pach the receive antenna is scanned over the height range given| in the
appropriate maximize the received signal. These measured parameter vallies are
insgrted_in equation (1) to obtain the measured NSA. Annex E contains a suggested
proELedure 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.
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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) melasurement procedure;

b) accpuracy of antenna factors;

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

If no efrors are found in a), b) and c), then the site is a
possible causes of site variability should be made. Annex
with N§A measurements.

1 OCccur

Note t
anomali

nt, site
an the

a) gro
b) obj¢
c) all-
d) gropnd plane discdntinu
conductive and at the
e) thi
f) op
5.7
There > pdiated
emissi ost are protected from the weather and the adverse effectg of the
radio f ese include all weather-covered open area test sites and absorber-

Wheneper: construct|on matenal encloses a test S|te there is the p033|b|I|ty that the resylts of a
single T T uate to
show such alternatwe 3|te SU|tab|I|ty

To assess alternative test site suitability, the following procedure is recommended. It is based
on making multiple NSA measurements throughout a volume occupied by the EUT. These NSA
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
of 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 as
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,
measuli of the
measufing antenna), for two polarizations (horizontal and vertical), an s (1Tm
and 2 m horizontal, 1 m and 1,5 m vertical).

These measurements are carried out with a broadband antenn » asured
with regpect to the centre of the antenna. The transmit and receive~an aligned
with the antenna elements parallel to each other and orthoggn 3 is.

For vertical polarization, the off-centre positions of th
the test volume. Furthermore, the lower tip of the an
floor, which may require the centre of the antenn
height measurement.

at the perighery of
than 25 cm from the
an 1 m for the lowest

For hofizontal polarization measurements_i aqd right positions if the distance bletween
the construction and/or absorbing matef e\walls and EUT periphery is less than
1 m, the centre of the antenna is moved tq ( al position so that the extremfe tip of
the antenna is either at the~periphe e periphery by not more than 10 % of
the tes are at the periphery of the test volume.

The nu eds can be reduced under the following circumstances:
a) Ths iz g izati easurements in the rear position may be onitted if
the ion and/or absorbing material is at a distance greafer than

1Tm

NOTIE Radiated emissiohgsouices Toeated near dielectric interfaces have been shown to have variations in
i [ can be

izontal polarization measurements along the test volume dijameter
positions may be reduced to the minimum number necessary for

c) The vertiéal polarization measurements at the 1,5 m height may be omitted if the top of the
EUTnincluding 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
measurements: four positions vertical polarization (left, centre, right, and front) for one
height, and four positions horizontal polarization (centre and front) for two heights; see
figures 6¢ 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

agnetic field
4 dB of

A megsurement site shall be considered acceptable for radiated
measufements if the measured horizontal and vertical NSA measurem
the thepretical normalized site attenuation for an ideal site.

5.7.3 Conducting ground plane

A conducting ground plane is required at a radiated emissign itey T ing [ground
plane ghall extend at least 1 m beyond the periphery of thexEUT a e 2 rement
antenng, and cover the entire area between the EUT 2a 9 . X shdll be of metal with
no holgs or gaps having longitudinal dimensions larger f a wavelength at the
highesf frequency of measurement. A larger size ptane may be required if
the NSA measurements do not meet the \OY

NOTE ©ngoing studies may indicate the need fe
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Scanned 1 mtodm
in height

Antenna fo be relocated
to maintgin constant
distance |R

ransmit and

IEC 1302/93

Figure 6a — Typical &
Vertical pols

Scanned 1 mto 4
in height

h1
Antenna t
to mainta;E constant
distance A - o Darinkh £ CHIT T "
— A —Periphery-ef EUTas-itisreta
- through 360°

hy=1mand2m

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

IEC 1303/93

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


https://iecnorm.com/api/?name=ec862a23f0637ef8dc674913f20bb2d6

CISPR 16-1-4 © IEC:2003 -53 -

Scanned
in height

Tmtod m"”X

to ma
distar

Verti

Sca
inh

Antenna to

Anterlna to be relo

ntain consta
ce R

width,

to maintain
distance R

constant

belrélocated

cated
nt

1,5 m height, with the pe e
that may ca

volume of 1 m depth,
closest material

bn the vertical
he transmit and

1EC 1304193

1,5m

R = Distance maintained between the vertical
projection of the centre of the transmit and

receive a

ntennas

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

1IEC 130593
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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
h4 2m 2m 2m
h2 Tmtodm Tmtodm 1Tmtodm
fn AN
MHz dB
30 11,0 24,1 41,7
5 58 PARS =391
40 7,0 19,4 A %8
45 5,5 17,5 /] a7
50 4,2 15,9 \ 32\,9\/
60 2,2 13,1 298
70 0,6 1009 &\ ‘\\ 2%,2
80 07 o N O NN 249
90 1,8 [ (%8 ) 23,0
100 —2,8 (N 67N N\ 212
120 4.4 N &pod v 18,2
140 58\ 3/ 15,8
160 67 ([ 23 13,8
180 72\ \_ 1,2 12,0
200 NN EY R YEE 10,6
250 —10(6 / 17 7,8
300 N\ > N23 3,3 6,1
400 N N8N 58 3,5
500 A R 7,6 1,6
600\ g3/ 93 0
700 N 19,7 10,6 1,4
Ao\ N\ 20,8 11,8 25
oo N\ N 218 ~12,9 3,5
1000 22,7 13,8 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
h4 1m 1m 1m 1m 1,5m 1m 1m
h2 Tmtod4m 1mtodm 1mtodm Tmtodm ([1mtodm|[1Tmtodm|1mtodm
fm AN

MHz dB

30 15,8 29,8 47,8 8,2 9,3 16,7 26,0
5 33 77 757 59 80 57 24,7
0 11,3 24,9 42,8 5.8 7, 14, 23,5
5 9,4 22,9 40,8 4,9 AN | \32 22,5
50 7.8 21,1 38,9 4,0 Noa\ Y123 21,6

50 5,0 18,0 35,8 2,6 0,7 20
70 2,8 15,5 33,1 18 \;,\\2‘ \\1;,4> 18,7
B0 0,9 13,3 308 | ~oe N V2w N 83 17,5
0 -0,7 11,4 28,8 A0y N21) 7.3 16,5
1bo —2,0 9.7 27 (\\/—;(7/\ \ 1,9 6.4 15,6
1bo 4,2 70 9 (| s\ 13 4,9 14,0
1ho 6,0 48 N\ 22 1% -15 3,7 12,7
1bo 7.4 3,1 19 N7 -3,7 2,6 11,5
1ko 8,6 17\ N 4,3 53 1,8 10,5
2po 96 6 153\ -3.6 6,7 1,0 9,6
250 17| 16O\ e | 77 9,1 0,5 7.7
3po 198N | >33 8 -10,5 -10,9 1,5 6,2
4ho 2\ N\ 46 ~14,0 ~12,6 4,1 3,9
5po AVY 279N 1,8 ~16,4 15,1 6,7 2,1
6po N9, s 0 16,3 ~16,9 8,7 0,8
7bo 206~ 8 1,3 -18,4 -18,4 -10,2 0,3
sho N\ xeh3 Z12,0 2,5 20,0 ~19,3 —11,5 11
9po Né225 -12,8 3,5 —21,3 -20,4 ~12,6 1,7
10po <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 cenjre of the
antennas'is 1 m above the ground plane in vertical polarization
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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
waves that would otherwise produce non-uniform distribution of energy density with position in
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 distribution
law in phase, amplitude and polarization.

6.1 hamber
6.1.1 Size and shape

The linear dimensions of the chamber shall be large relative tg lowest
frequency of interest. It shall also be large enough to accommddate qui er test,
the stirrers and the measuring antennas. Microwave equipment var'es N S| e small
table tgp oven having a volume of about 0,2 m?® to large ufi ‘ h base.

The chpmber may be of any shape provided its three d : er. The
three djmensions should preferably be different. For A lowest of 1 GHz, the chamber
shall have a volume at least 8 m3. The actual dimensi i epend on the physical

characferistics of the chamber. See 6.1.4 for meff syitability of the chantber.

The walls and the stirrers shall be m i G he metallic members shall be
mechanically sound and of low electrica 2 ghall be
no surface corrosion. No absorbing (mat de the

chambeér.

6.1.2 Door, opening

The enlclosure do6
It shall|open out,
transmftting and r&c

the wal

pment.
unting,
ixed to

6.1.3

The follg
stirring

rovided

6.1.3.1

If rotat ng-vanes—are ||cnr1, two vanes are plar‘nd on arijgr‘nnf walls of the chamber sp ced at

least 1/4 of the maximum wavelength used from the walls and of sufficient thickness to be
rigid. 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

The ro
stirrers
measu
200 rey
prefera

6.1.4

The deg
variatid
the lon

and mini

The co
lower f

e longest time for one rotatior
e of the measuring instrument.
rate is between 50 rev/m

upling attenuation is measured over the usable frequency range of the chamber
equencies where the maxima and minima are observable, values shall be meas

llimetres

of the
For the
in and
should

of the
due to
punced

At the
ured at

about

00 MHz intervals—The rnr‘oi\/ing antenna then remains fivnr‘l’ the francmiﬂ'ing ant

nna is

rotated at 45-degree intervals and the test is repeated for each position and at each frequency.
The whole 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 fou

r graphs are within an envelope of 2 dB or less. Figure 8 shows a typical result.
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receivilg antenna may e int in the chamber provided it is at le
wavele 9 oward the transmitting antenna, towa
neares chamber axis.

A low-r]

to the |
connegc
depend
measure

genera

adjuste

noted.

nals of
nerator
bw-loss
wall. A
ast 1/4
rds the

g output
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7 TEM cells for immunity to radiated disturbance measurement

(under

consideration)

8 Test sites for measurement of radio disturbance field strength

for

The test site shall rely on reflection-free conditions.

the frequency range 1 GHz to 18 GHz

material and/or to raise the height of the EUT to achieve these free-space conditions.

It may be necessary to use absorbing

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

ground.
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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 mgasurement site that achieves free-space conditions is a possible aliernative test'site.
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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
measufements over wide frequency ranges using scanning receivers or spect i
is very |helpful to provide specific parameters that can be used in compaxi
usefulness of such broadband antennas. Various CISPR publica
antennas to be used in making measurements. Tuned half-wave fesohant i
notably] mentioned above 80 MHz. Generally, other types of ant 2
nature,| can be used provided the results are equivalent to the
antenna. The comparison of these broadband antennas to
broadbpnd antennas will be aided by listing appropriate pa
specifigd as part of any CISPR contribution recommen
manufgcturers shall also use this information as guidahce in
of brogdband antennas used in making interferen e

CISPR
tuned dipoles.

A.2 Broadband antenna param

Broadbjand antennas used fe¢ are those antennas that are [linearly
polariz¢d and are intended 3 a wi ncy range. This does not prevent the use
of ant?}nas with limit - j addition of antenna element sectiofns. The
impedance of such an| 3 prised of both real and imaginary impedances.
Other garameter: t ca S ifi contained below.

A.2.1

The following paraxpete i e physical parameters of broadband antennas that{ should
be projided. Noteths ameters may not apply to each antenna.

A21.1 e(iha s of fixed or variable length or diameter

vas @ variable length, specify the number of sections that are added or
the basic fixed length.

If the fantenna
subtraqted to/chang

NOTE Fufty tumabte—amtenmmas—are notconsideredto be broadbamd—amd—hence woutd ot bespecifiederein. The
diameter of loop antennas are generally not variable.

A.21.2 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 megahg
characferistics. If there is a defined fa
the range, so specify.

antenna operates within its
per octave at eitherf end of

A.2.2.2 Gain and antenna factor
A.2.2.2
Specify
A.2.2.2

Specify

Both gai 3.1.

A.2.2.3

Specify planes.
For lesls directionaharntennas, specify the front-to-back ratio in decibels. If omnidirectignal, 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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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
A.2.3.1

Antenna calibration

Method of calibration for emission measurements

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

a) calculated (indicate formula used);

b) mexsured (specity the method or standard used or the traceability t

lab

NOTE
antenna
on the tr

A.2.3.2

Indicat
swept

A.2.3.3

Specify
and thg

A.2.3.4

If the

ratory, and whether antennas are calibrated individually).

For immunity measurements, field strength calibrations are generally magé
located at the place of the appliance being subjected to the radiation. He
hnsmit antenna.

Frequency interval

the frequencies in megahertz or kilohertz
equency procedure is used, so state.

Accuracy of calibration

puinchon indicate aI co

to tho
conver
measu

A.2.3.5

Specify

€emissigr

A.2.4

A.2.41

from th

Antenna use

bration

alibrated
required

5s; if a

ccuracy

CISPR
results

of the gd or gpe |f|e ah{enpa. Also indicate any conversion factor Wised to

n to a

trength

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

imum height above the ground plane;

b) preferred polarization with respect to the ground plane;
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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.

@%
o
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Annex B
(normative)

Monopole (1 m rod antenna) performance equations and characterization

B.1

of the associated antenna matching network 1)

Description

B.1.1

Monop
used a
range,

applicaple. The techniques defined in this annex are applicablé

Using ¢

The pr

Introduction of the monopole (1 m rod) antenna system

ue care, this method has been used commercially wi

whole

are not
0 MHz.
Dr.

ate the
nopole
dctor by
ntenna
e when

designing jigs for types of antenna wh coaxial
connegtor. Finally, care in the use of thec¢ Cially at
frequencies above 10 MHz and for active a
B.1.2 Monopole (rod
The following equations axg ' 1e” effective height, self-capacitance and height
correct|on factor 3 of unusual dimensions.
They afe valid only f ' d\antennas shorter than 1/8 [8] 2.
A nh
=—+tan— 11, 12], [8] (B.1
he=-_ 2 (11, 2], [$] (B.1)
tan 2nh
55,6h
a= 4 [31, [41, 18], 161, [71, [§] (B.2)
(n')q 2mh
a A
Cnh=20log he (B.3)
where
h, is the effective height of the antenna, in metres;

is the actual height of the rod element, in metres;

h
A is the wavelength, in metres;
C, is the self-capacitance of the rod antenna, in picofarads;

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

2) Figur

es 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).

where
Vp is
vV is
Cy, is

For the
height
is10 p

NOTE
unusual

Either
methodg
antenn
Measu
antenn
whiche

B.2.1

a) Cal
b) Set
figy
c) Sul
the
(in
NOTE

he measured output of the signal generator, in dB(pV);
he measured output of the matching network, in dB(pV);
he height correction factor (for the effective height),

monopole (1 m rod) antenna commonly uged /n E
hy) is 0,5 m, the height correction factor (Gy)\is 6 d@n) e self-capacitan

bee B.1.2 to calculate the effective height, heigh stion factor and self-capacitance of rod ant
Himensions.

bf two procedures shall be used: B.2.1, the network analyser,

of B.2.2, the sig s dio-noise meter method. The same

b is used in both pre \ . ¢ .8 f0r guidance in making a dummy a
ements shall bg e ici of frequencies to obtain a smooth g
b factor versus ar th erating range of the antenna, or 9 kHz to 3
ver is sm

\ttehuator pads are not needed with the network analyser because the impedances of the channg

(B.4)

ements, the effective

ce (Cy,)
ennas of

or the
dummy
htenna.
urve of
0 MHz,

hown in

HV)) in

Is in the

network
pads ma

B.2.2

dlldiybvl dalc very ||\7a|iy 50 AY4 alll.]I diTy TITUTS dre bUIICbtUU‘ Ulul;lly IIUtVVUIi\ dlldiybt:l ba“'ulatiuu. A
y be used, if desired, but including them complicates the network analyser calibration.

Radio-noise meter and signal generator procedure

tenuator

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
anaer Cranmer I erefence Fest
characterization (output)  channel Char;{_
Antenna ? § ]
port
50 O
measurement
(port B)
Dummy _/ ~ A
antenna <\
50 Q T-connector (A) /\
N
\) C 1914/02

NOTE 1 T portlas _po sibQPl e the T-connector as cloge to the

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

channel

NOTE 2 er and are not recommended.

using network analyser
) \\/ Matching network RF
sigael under receiver
w\e Lator characterization
tenna
<2
L 50 Q
48 \_measurement
Dummy @ / port (B)
antenna __J/ '
.......... ;
Components 50 Q T-connector (A)
[D] 500 Load
IE' 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
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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-gonnector used in the antenna factor measurement set-up may be puilt dummy
antenna box. The resistor pad to provide impedance matching to the hlso be
built info the dummy antenna box.

Cofnector, e.g. BNC CapacitorNg

LOw capacitance connector
to mate with rod input port

IEC 1914/02

Components

C antenna capaci

S lead
L lead ncluding
both

B.4 |Ap

A mongpolée rod anterina is typically designed to be used with a counterpoise or to be mounted
on a gloubdplane. To obtain correct field strength values, the manufacturer's instructfions or
recomn i i i ed.

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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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 ahnex sets forth information and data concerning the loop antenpa s
measufe the current induced in the LAS by the magnetic field emj

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

A description of the LAS is given, as well as the method of vali

AS) to
e EUT,
ise 4.7

of the

LAS. Qonversion factors are given to relate magnetic field”indu agnetic

field dgqta which would have been obtained when the same
loop magnetic field antenna positioned at a specified di

C.2 [Construction of the loop an

single-

The LA \ 2f large-loop antennas [LLAs),
described in clause C.3. The entire LA a non-metallic base.

A 50 Q| coaxial cable bet of anN_LA and the coaxial switch, and between
this sw|tch and the measuri Ui { B.d surface transfer impedance smaller than
10 mQim at 100 kHz apd1 Mz This requirement is met when using, for example,
doubleibraided shield 223 i

All connectors sh:; ace\{ransfer impedance comparable with that of the |coaxial
cable. [This requirg i example, when using good quality BNC collet-logk type
connegtors (see K

All cables sh ferrite absorbers, F in figure C.1, providing a common-mode
series s >\100 Q at 10 MHz. This requirement is met when constructing the
ferrite [toro mple, 12 rings of type 3E1 from Ferroxcube (minimum [size in
millimefres:

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

A large-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 th

e 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
conductor 6,5 mm (0,256 in) with bayonet lock — Characteristic impedance 50 ohms (Type BNC).

of outer
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@ 2m (3%)

A

Y

—_—e

Equipment
under test

Coaxial
switch
. T2
Measuring ////
equipment / 7
] — ! 7
1LY
L..) 4
77
/7
7/ 77
///
S5 = e Ea_?f ‘and table: non-metallic Va
e e Va
s
IEC 1]004/97

S = antehna’slit

C = curréntprohe

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

Coaxial cable
RG 223/U

Figure C.2 — A large-lodp
positioned symmetrica

gpposite slits,
rrent probe C

hces of the LA

p diametepha iZB bf large
D may b@ .k e in the frequency range up to 30 MHz the maximum
le diametexis4A M, 3, ducible

reases
hal with

it probe
ntenna

s&hown in figure C.3, shall have a width of less than 7 mm. The slit is bridged

paralle

by two

sefs of 100 O resistors in series. The centre of each series circuit is connected to the

inner conductor of the coaxial antenna cable.
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w Resistor (4x)
i

— |

Max 10 mm

|t~

Coaxial cable
RG 223/U

Slit construction

IEC 1 006/97

Figure C.3 — Construction of the antenna slit

ed to a

At each side of the slit the outer conductor of the coaxial antenna ca
' 5mm,

strap of printed circuit board material with two copper rectangles,
in ordef to obtain a rigid slit construction (see figure C.4).

Printed circuit board wi
two |copper rectahgles
soldered to the qute
confluctor

IEC 1007197

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

Figure

The cyrrent jprobe~afound the inner conductor of the coaxial antenna-cable shall have a
sensitiyity{of 1 V/A over the frequency range of 9 kHz to 30 MHz. The insertion losq of the
currentprobestattbesufficientty tow(seeote—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 = 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 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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Inner conductor

Outer conductor
connected to metal box

Metal box

Current probe 1 V/A JEC _1.008/97

Figure C.5 — Construction for the metal box containing t urrent prob

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

Cc.4

The vdlidation 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 QO 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 ratio [expressed in dB(Q2) = 20 log (R1/R>)] of the open circuit
voltage of the RF generator and the measured current shall not deviate more than +2 dB from
the validation factor given in figure C.8.


https://iecnorm.com/api/?name=ec862a23f0637ef8dc674913f20bb2d6

CISPR 16-1-4 © IEC:2003

— 05 —

Large-loop antenna (LLA)

Balun dipole

The va
D=2n

RF generator

Measuring
equipment

of the large-loop ant 3
(A
/
3

¥ QNI
; I
: - 7
§ NN N
:§ 30 ( \/ A\ % \\
3 AN N )
S ol
CIR
WZ_E 4] 6 8l 1 &) 4“ 6 8]} 2}
Frequency 30 MHz

ation factor for a large loop-antenna of 2 m diameter

IEC 101197

idation factorgiven in figure C.8 is valid for a circular LLA with a standardized djameter
haJIfthe diameter of a circular LLA differs from D = 2 m, the validation factor for the non-

standardized LLA can be derived from the data given in figures C.8 and C.TT (clause 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 obtai
C.6 onversion factors
This clause deals with the factor which converts the current (/) ifiducs he EUT
into a S s It also
deals . ardized
diametér to a current which would have been measured usi > \ i ardized
diameter of D = 2 m (see figure C.11)
The cdnversion factor in figure C.10 applies to/a\sQurteg ic fi iti in the
centre jof the LLA with its dipole momg [ i . buld be
noted S led in a
vertical plane and the EUT is only rotated b i X nly the
horizo asured.
Conseq lsed to
compa in the
magnefi plane,
or whe | dipole
momer
If the 3 i i banse source inside an EUT is at a distance less thap 0,5 m
from th B from
those wi
Outer conducteur of right-hand side
connected to inner conductor
T R
W =150 cm I

| Coaxi
J /RG 223/U

- 7 -1
( Balun dipole ) H=10cm
AR |

r BNC connector
IEC 1012/97

Figure C.9 — Construction of the balun-dipole
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e 40

Conversion factor Cy, (dB/m)
®
>
3
|
Conversion factor Cyy, (dBQ/m)

Figure C.10 — Conversion factors Cya (for conversion in{o for

Relative sensitivity dB

HW.OS 01 02 05 1 2 5 10 20 30

Frequency MHz

IEC 1014/97

-

igure 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(uA/m) measured at a distance d and
the current / in dB(pA) is:

H [dB(uA/m)] = I [dB(pA)] + Cqa (dBm-T)

where Cypa is the current-to-field conversion factor for a certain distance d when expressing H
in dB(uA/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 Cgya 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 be written as:

H [dB(uA/m)] = | [dB(nA)] — Sp(dB) + Cga (dBm-1)

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

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

For conpvenience the conversion factor Cqyy converting / [dB(nA)] 0 given

in figurg C.10.

The following examples explain the use of the three equatic q i 10 and
C.11.
a) Given: measuring frequency f= 100 kHz, loop dig = ent in loop 1 = X dB(pA).
Thgn using the first equation and fig
at d =3 m: H[dB(pA/m)] = X [dB(uA
atd =3 m: H[dB(uV/m)] = X [dB(n

b) Given: measuring freque C i D =4 m, current in loop I = X dB(pA).
Thegn using figure C 11} ’
[TdB(pA)] = X - S3
in the LLA wi

c) Give

The
to
100

by adding at each frequency S3, as given in figurge C.11,
s given in figure C.8. Hence, if the measuring frequency is
for the LLA with D = 3 m equals (86 — 7) = 79 dB(Q).

c.7

A Large-Loop Antenna for Magnetic Field Measurements, J.R. Bergervoet and H. Van Veen,
Proceedings of the 8th International Ziirich 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 5)

D.1 General

Subclapises 5.1 through 5.5 contain major construction considerations f6r\ope
Additiopal details that are helpful in assuring a well constructed site
are desgcribed in this annex. A positive way to assure the suitabil
perfornf NSA measurements as described in 5.6.

D.2 |[Ground plane construction

D.2.1 Material

Metal is the recommended ground plaf
practiz[l reasons, metallic ground

equipment. Some examples of metallich\g
perforated metal, expanded metal, wire
should|have no voids or gaps with lihear

dimensions that are an appreciable fracti
wavelength at the highest pneasurement frecy. he.fecommended maximum opening size
grating\ox_expand metal type ground planes is 1/10 of a

for screen, perforated
wavelepgth at the highest
comprised of individual %

preferaply contin sl
coatings, such éi Sa
unaccefptable site

t sites.
closure

2s is to

ver, for
of all
tal foil,
0 plane
n of a

Naterial
seams
electric
bsult in

r.m.s.
or 3m
rposes.
b in 5.6

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. Al
cables, and plumbing to the turntable or mounting of the EUT should also be run un
ground plane. When underground routing is not possible, service to the EUT should be
on top of, but flush with, and bonded to the ground plane.

| wires,
der the
placed
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Ray 2

Ray 1

7
Igu - yiel 1 1 u 1
Maximum
Maximum ro ess
Measurement Source receiving antenna
distance R height, h, height, h,

m m m

3 1 4

10 1 4

30

Ths

D.4 Weather protectio

D.4.1

Up to 1 000 MHz,
and fapric matefi
absorption i

which

should
do not
be ma
measu

Use of

ood and nylon), however, can cause transmission

air-deposited conductive particles and standing water
ture or within the material forming the structure. Inspections
foreign objects which might lodge on the structure

ement erors.

metal above the ground plane should be kept to a minimum. Use of plastic o

woods,
oisture
losses

EUT emissions are measured through such material. Care

and ice
should
tausing

r fabric

fasteners is highly recommended. Any anchors, pilings, or similar foundations shoul
enough removed from the test area so as not to affect the measurement.

D.4.2

Internal arrangements

be far

All structural members should be non-reflective. Any blowers or ducts for heating, cooling or air
support should be outside the test area or outside the structure, unless they are made of non-
conductive material or run below a metallic ground plane or well below a non-metallic ground
plane. Temperature and humidity control may be required for the operation of the equipment.
Any insulation or windows should be free of metal backing or framing. Any safety rails or stairs

should

also be non-conductive if located above the ground plane.
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Size

The size of a weather protection enclosure will depend upon the size of the EUT and whether
or not the entire antenna range is to be enclosed or only the area over the EUT, the area over
the measuring set, or the area enclosing the receive antenna positioner and the highest extent
of the receiving antenna when making vertical polarization measurements.

D.4.4

Uniformity with time and weather

It is recommended that periodic normalized site attenuation measurements be made in order to
detect anomalies caused by degradation of the all-weather protection due to weather conditions
(e.g. moisture absorption) or contamination of enclosure materials. This measurement also

checks
adequg
colour

te unless physical signs indicate material degradation sooner, i
Hue to air-borne contaminants.

nerally
hanges

D.5 ([Turntable
A turnt rom all
sides d bvered,
flush w pve the
ground on top
of the lightly raised, non-fnetallic
turntab
D.6
The regeiving antenna shduld be ow the
antenna to be raised betw 5s, and
between 1 m and 4 m b cable
shall b¢ connected to i > 9 cable
is orthggonal to‘ antensa elements at all antenna heights in order to maintain
balancg¢ with respect A ’ d drop
vertica ntenna.
From that poin disturb
the me rf the antenna and disturbance analyzer should be gs short
as praqgti g received signal levels at 1 000 MHz.
For ver ed dipgle-type antennas, the cabling to the measuring receiver shpuld be
mainta e/ parallel to the ground plane, for a distance of approximately|1 m or
g receiving antenna (away from the EUT) before dropping to the|ground
routing

more t¢ the res
plane. An antenna beom approximately 1 m in length will suffice. The remaining cable
to the gnalyzer is the same as for the horizontally-polarized case.

For both cases, the antenna factor calibration should not be affected by the presence of the
antenna positioners and disposition of the coaxial cabling attached to the antenna.
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