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INTERNATIONAL ELECTROTECHNICAL COMMISSION
INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 1-5: Radio disturbance and immunity measuring apparatus —

Antenna calibration test sites for 30 MHz to 1 000 MHz

FOREWORD

1) The [nternational Electrotechnical Commission (IEC) is a worldwide organization mprising
all njational electrotechnical committees (IEC National Committees). The( obje promote
intergational co-operation on all questions concerning standardization in the el ields. To
this ¢nd and in addition to other activities, IEC publishes International ifications,
Techpical Reports, Publicly Available Specifications (PAS) and Gui as “IEC
Publigation(s)”). Their preparation is entrusted to technical committeg interested
in the subject dealt with may participate in this preparatory nd non-
govefnmental organizations liaising with the IEC also participate—i 5 closely
with fthe International Organization for Standardization (ISQ hined by
agregment between the two organizations.

2) The formal decisions or agreements of IEC on technical rnational
consg¢nsus of opinion on the relevant subjec ; from all
intergsted IEC National Committees.

3) IEC Publications have the form of recommendatiors National
Committees in that sense. While all reasona t of IEC
Publipations is accurate, IEC cannot be ¥ for any
misinterpretation by any end user.

4) In orfer to promote intern lications
transparently to the maximu ergence
betwgen any IEC Publicati icated in
the Idtter.

5) IEC provides ng/marking for any
equigment declared to {

6) All ugers should ens 2

7) No ligbility shall af erts and
membpers of its te EC National Committees for any personal injury, property damage or
other ature tsoever, whether direct or indirect, or for costs (including legal fees) and
expepses aKsing © 3 2ation, use of, or reliance upon, this IEC Publication or any other IEC
Publipations

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

9) Attention is“drawn_to the possibility that some of the elements of this IEC Publication may be the spbject of
patent rights) 1IEC shal not be held responsible for identifying any or all such patent rights.

Internatiofrat-StandardcSPR—46-1+-5hasbeen prepared—by E1SPR—stbecommittee—A~ Radio

interference measurements and statistical methods.

This first edition of CISPR 16-1-5, together with CISPR 16-1-1, CISPR 16-1-2, CISPR 16-1-3
and CISPR 16-1-4, 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
2005. At this date, the publication will be

* reconfirmed;

e withdrawn;

* replaced by a revised edition, or
* amended.

@%
&
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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.

Ol

d 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 CISPR 16-1-3 Ancillary equipment — Disturbance power

CISP

measuring

apparatus CISPR 16-1-4 Ancillary equipment — a)i\ ted dIS bances|

/NN

Antenna calibration t sites for MHato
CISPRIE-1-5 1 1000 MHz {\ Q(\\z\

CISPR 16-2-1 Conducted dW&Q r&% E\Q

Methods of / .

CISPR 16.0 | measurement of </y CISPR 16-2-2 Measurement\Qf dmﬁ%cé\pow
disturbances and N> CISPR 16-2-3 Radiateﬁ\digm@nckm{asur(e\qents
immunity

CISPR 16-2-4 Wre en
CISPR 16-3 (C|S?R7tecm{a| orts)
CISPR 16- \ngm\e ainfies instandardised EMC tests
Reports and % 4(ﬁ’\ / R \
CISPR 16-3 | recommendations CI\S\QR *{4\\2 8Mea<urel‘n@,[)t iMmentation uncertainty

of CISPR <
tatisWderations in the
R 18<4- determination of EMC compliance of mass-
_ Npro ced products

CISP

R 16-4 | Uncertainty in E ISPR 164 Wgs of co_mplaints and a model for the
measurement \(\ Iculation of limits
i AN

More specific inf atle 3 ! en the ‘old’ CISPR 16-1 and the present ‘new’
CISPR|16-1-5 is introduction (TABLE RECAPITULATING CROSS
REFERENCES).

Measu tations are given in five new parts of CISPR 16-1, while
the mdthods¢/of ‘measufe are covered now in four new parts of CISPR 16-2. Various

reports

are givpe ( R
and limfit medelling:

CISPR
disturb

161 ;consists” of the following parts, under the general title Specification fgr

immun

Yy rmeasuring 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.

rther iformatiop/and background on CISPR and radio dlsturbances in ;eneral

radio

hrice and immunity measuring apparatus and methods — Radio disturbange and
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TABLE RECAPITULATING CROSS REFERENCES

Second edition of CISPR 16-1 First edition of CISPR 16-1-5
Clauses, subclauses Clauses, subclauses
1 1

2 2

3 3

5.13 4

Annexds

R

S

T

U

Vv

w

Figured

55, 56,|57, 58, 59
S.1,8.2,83,S4
T1,T.2, T.3

Tables
19, 20
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SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 1-5: Radio disturbance and immunity measuring apparatus —

Antenna calibration test sites for 30 MHz to 1 000 MHz

1 Scope

This pa

calibrafion test sites, used to perform antenna calibrations, as we

charac

informdgti

antenn

Measu
Further i
which

antenn

2 Narmative references

The fol

For dated references, only the ed|t|on \

of the 1

CISPR
electrid

CISPR
and md
appara

CISPR
and mé
equipm

CISPR
and m

rt of CISPR 16 is designated a basic standard which specifies fthe regquiremg

may be helpful in establishing uncertainty e
S

lowing referenced documents are indispe

e \

14-1:2000, EI 6 C¢ 2tibility ~ Requirements for household app
tools and i Emission
16-1-1:200: e it 3 radio disturbance and immunity measuring ap
thods — Pa 1 pbance and immunity measuring apparatus - Me
fus

cification for radio disturbance and immunity measuring ap
bthoa adio disturbance and immunity measuring apparatus — A
ent
16-4-1-2003,/Specification for radio disturbance and immunity measuring ap

bthods — Part 4-1: Uncertainties, statistics and limit modelling - Uncertain

nts for
ntenna
Further
eory of

16-1-4.
16-4-1,
5ses of

ument.
edition

jances,

baratus
asuring

baratus
ncillary

baratus
ties in

standa

I Wy ‘
ariscu CIViC 1ES1S

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

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

International Vocabulary of Basic and General Terms in Metrology, International Organization
for Standardization, Geneva, 2nd edition, 1993
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3 Definitions

For the purpose of this section of CISPR 16, the following definitions apply. Also see |IEC
60050(161).

3.1

calibration test site (CALTS)

open area test site with metallic ground plane and tightly specified site attenuation
performance in horizontal and vertical electric field polarization

A CALTS is used for determining the free-space antenna factor of an antenna.

ponding site
hnce of

Site atfenuation measurements of a CALTS are used for comparison t
attenudtion measurements of a compliance test site, in order to eval
the compliance test site

3.2
compliance test site (COMTS)

enviroment which assures valid, repeatable measurepien
strength from equipment under test for comparison to a co

e field

3.3
antennfa
that pa
electromagnetic waves in a specified

receive

NOTE 1| In the context of this standard, the balun™

NOTE 2 | See also the term "wire antenna".

3.4

balun

passivg electrical netwark trans-
mission line or device or W

3.5

free-sp

wire antenna congisting p colinear conductors of equal length, placed end|to end,
separa ) h'conductor approximately a quarter-wavelength long such
that at he input impedance of the wire antenna measured acrpss the
gap is is located in the free space

NOTE 1 3 R andard, this wire antenna connected to the balun is also called the "test aptenna”.
NOTE 2 is wiresahtenng is also referred to as "tuned dipole".

3.6

site atlenuation
site attenuation between two specified positions on a test site is the insertion loss determined
by a two-port measurement, when a direct electrical connection between the generator output
and receiver input is replaced by transmitting and receiving antennae placed at the specified
positions
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tenna
ation of the free-space-resonant dipole and the specified balun

NOTE For the purpose of this standard only.

3.8

wire antenna
a specified structure consisting of one or more metallic wires or rods for radiating or receiving
electromagnetic waves

NOTE A wire antenna does not contain a balun.

4 Splecifications and validation procedures for a test site to bé used to

e radio
D MHz.

iffes the

tennas
A test
site for

TS, is
ntenna
ng only
TS, the
cedure
se of a
nparing
pported

ng the
ditional
¢cs and
sed for
pliance

calibrate antennas in the frequency range of 30 MHz to 100 z
Clause| 5 of CISPR 16-1-4 specifies the requirements for a
disturbgnce field strength measurements in the frequency rafge ©
Such g test site may not be suitable for calibrating an
requirements and validation procedure for a test site sui
above f conducting, flat metal plane in the frequency rar
site meeting these stringent requirements may al
compatison purposes in an alternative validation
4.1 Introduction
A test|site suitable for performing a erred to herein as CAl
intends antenna for its free-space 3
factor. [This calibration is p above a reflecting plane by usi
horizontal polarization. Sy : 3 cify the characteristics of a CAL
characferistics of a calculak S : eVCALTS verification (validation) prg
and pefformance critefias ati ocedure given in 4.5 requires the u
calculaple dipole S i in 4.4, thus creating the possibility of con
theoretjcally pre sured CALTS performance. Iltems to be r
in a QALTS validati arized in 4.7. Annex A provides guidance for
constry S th validation criteria specified in 4.6.
In ordg . sed as a reference test site (REFSITE) for validat
performpance \ of (N ording to clause 5 of CISPR 16-1-4, some ad
require be specified. Subclause 4.7 specifies the additional characterist
performance C estsites specified in clause 5 of CISPR 16-1-4, which are u
demon with radiated emission limits are referred to herein as a com
test sit lidation of a COMTS may be obtained by comparing it to the the

site att
site a

bnyation given in clause 5 of CISPR 16-1-4 (which takes precedence) or by con

bretical
nparing
huation

tenGiation measurements of the REFSITE to corresponding site atte

measurements of the COMTS, using the same measurement set-up and equipment (antennas,

cables,

generator, receiver, etc.).

The annexes to this standard contain informative specifications of a CALTS and of the
calculable, free-space-resonant dipole (tuned dipole) to be used in the CALTS validation
procedures. They also give a model for calculating theoretical site attenuation, numerical

exampl

es and a checklist for the validation procedure.
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4.2 Antenna calibration test site (CALTS) specification

421

Introduction

The CALTS comprises the following main components:

— a good-conducting flat metal plane (the reflecting plane);

— an electromagnetically obstruction-free area surrounding the reflecting plane.

In addition, the following ancillary equipment is needed:

— two antenna masts carrying the antennas to be used in either the CALTS validation

iven in

, at all

fications

ments is

in the

re, the
ecified
of the

having

profedure or the antenna calibration procedure,
— the fables to be connected to these antennas; and
— elegtronic equipment, such as an RF generator and a measuring
The nofmative specification for a CALTS is given in 4.2.2, while
informgtive specifications as a guidance to construct and place
the validation criteria will normally be met.
4.2.2 Normative specification
For thg calibration of antennas, the CALTS sha s e validation criteria d
4.5.3, ile.
a) site
b) ant or maximum site attenuation
fred
NOTE 1] In the CALTS validat{on proc hich is also subject to normative spec|
(see 4.3jand 4.4).
NOTE 2| The CALTS validatio S 8 infdrmation on how compliance with the require
maintaingd, so that the . CALTS is"degme S sly with the requirements during its actual use.
4.3 Test anteﬁ}
4.3.1
To allg on of the theoretical site attenuation SA; needed
validati are needed which can be accurately modelled. Therefq
test an ree-space resonant dipole connected to a balun with sf
properties est antenna specifications are given in 4.3.2. An example
constrd ntenna is given in annex B.
The tedtsabtenna consists of a balun and two colinear wire elements (conductors) each
a diameter D, and tength L. 1 hese efements are connected to the two feed termt

als (A

and B in figure 1) at the balun. The gap between these feed terminals has a width Wg. The tip-
to-tip length L, of the antenna is given by L,= 2L, + W,. The centre of the test antenna is in

the middle of the feed-terminal gap on the centre-line of the two colinear wire elements.

The balun has an unbalanced input/output (transmitting/receiving antenna) port and a
balanced port at the two feed terminals A and B. As an example, in figure 1 the purpose of the
balun is indicated schematically by the balance/unbalance transformer.
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4.3.2 Normative specifications

4.3.2.1 The test antenna shall have identical wire elements of length L,, which can be

disconnected from the balun to enable the balun parameters to be validated, and to allow the
balun heads of the two antennas used in site attenuation measurements to be connected
together.

4.3.2.2 The tip-to-tip length L (f, D,,) of the approximately A/2 wire antenna is determined
by the condition that, at the specified frequency f and in free space, the absolute value of the
imaginary part of the input impedance at the feed terminals is smaller than 1 Q.

NOTE 1 W rave—a tgted from
the equgtion (C.2) in subclause C.1.1. is used,
L4(f) canj only be calculated numerically, see C.2.2.

NOTE 2| When using a telescopic antenna, the telescopic elements should be that the
elementq having the largest diameter are used first (see figure 2), and the nume i J account
for this approach.

®
Input/output
---—=e
IEC 843/99
NOTE - [The ce hre anaAs in the middle of the gap on the centre-line of the two wire elements.

@ 1 — Schematic diagram of the test antenna

SEEEET S~ | I CEEEEE |

IEC 845/99

Figure 2a — Correct IEC  844/99 Figure 2b — Incorrect

Figure 2 — Adjustment of a telescopic wire element to the length L,
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Under consideration: At test frequencies between 30 MHz and 80 MHz, a fixed length dipole
with L, = L, (80 MHz) may be used.

4.3.2.3 The feed-terminal gap shall be Wy <15 mm or Wy <0,03 4., whichever is the
smaller,

where

Amin = €0/fmax>

fmaX is the highest test frequency at which the test antenna is used; and

a4k PN | o f t 1 $e acn-atl
CO 1§thRe vVCTOCITy Ut LIIU UIUULIUIIIGSIIULIU Weav-eS—H—vatctu-

4.3.2.4 If the tip-to-tip length L,(f) of the actual wire antenna is with [th L,(f)

specifigd for that antenna (see table 2), that length is presumed en the

width of the feed-terminal gap complies with 4.3.2.3.

4.3.2.5| The balanced port of the balun shall have:

a) a specified impedance Z,g with a specified maximt » , en the
unblalanced port is terminated in the impedance ircuitry
(thg antenna feed cable);

b) an pmplitude balance with respec B, see

tablle 2, when both feed terminalsare te eddnyan i dance Z,g/2 with regpect to
the [balun reference point;
c) a phase balance of 180° A¢b (s : i inated in
an jmpedance Z,g/2 wi

NOTE 1 | Connectors at the|bs € y : rts.
NOTE 2| The balanced port.i e 1. The
preferreq value of t 4@

NOTE 3 i 7,

NOTE 4 i 8 nce reU|rements ensure that the signals at the feed terminals A gnd B are
sufficienfly equal ina pI|t balanced
port megts the i 3 vhen the
unbalanded port\is termina i

NOTE 5 bolarized
reflecting

NOTE 6 hnnot be
influencqd by, the surrQundings. The balun reference point and the ground terminal of the output/input|port are

connectdd to that screen:

4.3.2.6 The balun properties required in 4.3.2.5 may be determined from S-parameter
measurements and, partly, from injection measurements.

NOTE 1 The head-to-head connection of the baluns in 4.4.4.2 and 4.4.4.4 may be replaced by a cable-to-cable
connection when the full set of balun S-parameters and the port impedances presented to the baluns by the
generator and the receiver are known, provided the balun properties are incorporated in the SA; calculation.

NOTE 2 S-parameter and injection measurements are described in annex B.
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4.3.2.7 If, in the CALTS validation procedure, test antennas and/or test equipment is used
with Z,g and/or Z, differing from the preferred values 100 Q and 50 Q, respectively, then this

should be explicitly mentioned in the validation report (4.6).

44 Antenna calibration test site validation procedure
4.41 Introduction

In the validation procedure, the measured site attenuation SA, is compared with the
theoretically calculated site attenuation SA_.. The procedure thus verifies whether the CALTS
sufficiently meets the properties assumed in the SA calculations, i.e.:

a) thelplane is perfectly flat and infinitely large;

b) thelabsolute value of the reflection coefficient of that plane isr =

c) the|phase difference of the incoming and reflected horizontally
plame is ¢ = =« radians;

d) thefinfluence of the ancillary equipment and surroundings

To verify the properties, two sets of measurements are requi

1) the|properties a), b) and d) are verified simultapeously 1 e cedure
using fixed antenna heights (see 4.4.4), after whic S SA are
conppared;

2) the|properties a), c) and d) are veifi height
of gne of the test antennas is sca ed and
calgulated height of that antenna d (see
4.4)5).

Alternatively, the latter s« canned

frequerjcy measurement prs

Below, |a quantityh A wed in

the validation proced

4.4.2

4.4.2.1 coaxial

antenn entrally

located ¢

NOTE

4.4.2.2 bnna in

horizo ned in

4.4.21.

NOTE At the lower end of the frequency range, e.g. 30 MHz to 40 MHz, the relatively long wire elements may
droop, thus influencing the measuring results. This influence can be eliminated by physically propping up the wire
elements, or can be accounted for in the calculation of the theoretical site attenuation (see also 4.4.4.3 and
4.5.3.1).

4.4.2.3 The horizontal distance between the centres of the test antennas is

d=10,00 m £ Ad m (see table 2).
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4.4.2.4 The height of the centre of the transmitting antenna above the reflecting plane is
hy=2,00 m + Ah; m (see table 2).

4.4.2.5 The height of the centre of the receiving antenna above the reflecting plane shall be
adjustable to the heights h, £ Ah,, as specified in table 1 and table 2, and shall be scannable

over the height range 1,0 m < h, < 4,0 m as required in 4.4.5.

4.4.2.6 The coaxial cables connected to the baluns of the transmitting and receiving
antennas run perpendicular to the wire elements and parallel to the reflecting plane over a
distancg of at least T m ifrom the wire elements. er that, the cables rop_onto the

reflecting plane and (preferably) continue to run underneath the reflectinig plane_ar.of) top of
that plane perpendicularly to the wire elements until they reach thede ne. To
avoid dommon mode coupling, ferrite loading of the coaxial cables aluns is
advised.

NOTE 1| The cables should have a low transfer impedance to avoid influe s of the
induced fable sheet currents through that impedance.

NOTE 2| When the cables run partly underneath the reflecting plane, the_shea P bonded
(360° arqund) to the reflecting plane when penetrating that plane.

4.4.2.7] The RF generator and RF receiver s of the
reflecting plane if they are within 20 m

4.4.2.8 ughout

the dur| ' \

NOTE | orma icated by the equipment manufacturer) of the
RF geng ] pro ure, toyassure a sufficient long-term stability |of these
equipme

4.4.2.9 S its-linsarity calibrated over a dynamic range of at least
50 dB. i inearity is denoted as AAr (see 4.5.2.2). A reagonable
value f i i i [

NOTE | i i i hqnv50 dB a substitution method may be followed, using a calibrated
precision 4s descx } 1

4.4.3

4.4.31 ith @ I ce to 4.2.2, the validation measurements described in 4.4|4 shall
be carr atthe frequencies and the associated fixed heights of the centr¢ of the
receivinmg antenna ) above the reflecting plane given in table 1.

NOTE 1 | Infermation concerning the CALTS performance at the intermediate frequencies can be obtained|by using
swept-frequency measurements as described In A.Z.Z.

NOTE 2 Care shall be taken in case of high-Q responses, especially for frequencies above 300 MHz. In such a
case a swept-frequency procedure should be carried out around the specified frequencies and at the associated
heights.

4.4.3.2 |n addition to the validation measurements described in 4.4.4, either three receiving
antenna height-scan measurements as described in 4.4.5 or three frequency-scan
measurements as described in 4.4.6 shall be carried out.

a) When choosing to perform receiving-antenna, height-scan measurements, these shall be
carried out at the frequencies fg: 300 MHz, 600 MHz and 900 MHz, with the test antennas

tuned to the associated frequency f;.
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b) When choosing to perform frequency-scan measurements, these shall be carried out with

combinations {h

rs’

receiving antenna height h.; and the test antenna tuned frequency f.

f.}: {2,65 m, 300 MHz}, {1,30 m, 600 MHz} and {1,70 m, 900 MHz} of the

Table 1 — Frequency and fixed receiving antenna height data for SA measurements
where hy=2 m and d =10 m (4.4.2.3 and 4.4.2.4)

4.4.3.3
accura
as clos

The ra
report

4.4.3.4
shall b
4.4.3.2

4.4.4

This sU

attenudti
considg¢red(is " the

Frequency h, Frequency h, Frequency h,
MHz m MHz m MHz m
30 4,00 90 4,00 300 (1,50
35 4,00 100 4,00 a0 Mgoy
40 4,00 120 4,00 500 < 2,35
45 4,00 140 2,00 606\ \| ) 200 ]
50 4,00 160 2,00 g N W7o
60 4,00 180 2,00 | N\ 800\ONN 1.9
70 4,00 200 2,00” 900\~ 7,30
80 4,00 250 150 1,20

e as possible to

figures

e measurement at a frequency spe
that speci

hinders
quency

Jidation

ntenna
1 or in

ed site
being

A between the feed terminals of the transmitting antenna (A and B in
3.and 4) and those of the receiving antenna (C and D in figures 3 and 4).

NOTE Where a full set of balun S-parameters is available (see 4.3.2.6), it is also possible to consider the SA
between the two cable/balun interfaces provided the balun properties are incorporated in the calculation of the
theoretical SA. In the description given below, the latter possibility will be indicated by a note, where appropriate.
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! e '
i el i i
: ! : : g U,
' 9 ' '
| B/D | |
¢ . ! — ¢
Generator iCabIe i i i Cable i Receiver
' " Balun ' Balun ' '
IEC 846/99

Figure 3 — Determination U_(f) or U,,(f)

2o &

Receiver

Generator Cable

Balun N Ba

[
T
w)
s

IEC 841/99

Figure 4 — Determinat he wir tennas in their specified positipn

44.4.1 quency f, the reference voltage U, 4(f) is determingd. This
voltage e attenuation of the signal between the RF generator output
port and itting wire antenna and, similarly, between the feed tgrminals
of the re receiver input port.

U (f) B i follows (see figure 3). The wire elements of the test antennas are
disconnecte ir balun and the two baluns are connected head-to-head (see also note

4 below) with\a'c tion which is as short as possible, preferably < A,;,/10, where A, has
been defined in 4.3.2.3.

The level of the RF generator is set to give a receiver reading at least 60 dB above the noise
level of the receiver (see note 2 below). The receiver reading is recorded as U 4(f).

NOTE 1 The level of the emitted field should not exceed the local transmission permitted levels.

NOTE 2 In this subclause it is presumed that the RF receiver complies with 4.4.2.9. Where the note to 4.4.2.9
applies, the method given in 4.4.4.7 should be applied.

NOTE 3 The noise level of the receiver can be reduced by reducing the receiver bandwidth. However, if the RF
generator and RF receiver are not frequency-locked, as in the case of a tracking generator and spectrum analyser,
the receiver bandwidth should be sufficiently wide that a possible drift of the frequency of the RF generator signal
does not influence the measuring results.

NOTE 4 If the method given in the note to 4.4.4 is followed, the complete test antennas are disconnected and the
two antenna cables are interconnected when determining U.4(f) and U o(f) in 4.4.4.4.
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4.4.4.2 The amplitude setting of the RF generator used in 4.4.4.1 at a particular frequency
remains unchanged throughout the measurements associated with 4.4.4.3 and 4.4.4.4.

4.4.4.3 Measurement 2: The baluns are disconnected from each other, the wire elements
connected to their balun (see figure 4), and are adjusted to the specified length L,(f). The test
antennas are brought into position as specified in 4.4.2 and 4.4.3. All other elements in the
test set-up are the same as in 4.4.4.1. See also the notes to 4.4.2.2 and 4.4.4.5.

At the specified test frequency f, and with the antennas in their specified position, the receiver
reading is recorded as U(f).

4.4.4.4 Measurement 3: The measurement of the reference voltag 44-4.1), is

repeatgd at the same specified frequency. The value is recorded as U,

4.4.4.5 If U.4(f) and U,5(f), expressed in logarithmic units, differ Y 1B, the
stability of the test set-up shall be improved and the aforementi P and 3
repeatgd.

NOTE A cause of instability effects may also be the temperature-dependence~of the f tnuation,

especially under direct sunlight exposure.

4.4.4.6| The measured site attenuation SA,(f) i

(1)

where

NOTE | he lower

frequenc BA, (see

4.5.3.1).

4.4.4.7 .9, the

followirn] i Y 3 3 sed provided the full set of balun S-parameters is

availab i SA.

a) Det

b) Req ntenna
cab el A4 (1)
suc ceiver reading Ug(f) as determined under a) is found. Record A;(f)

and| its associ easurement uncertainty AA;(f).

c) To |[demonstrate the stability of the test set-up mentioned in 4.4.2.8, repeat step b) to
determine A;,(f) after a period of time approximating the total time between the reading of

Us(f) in step a) and A;4(f) in step b). If Ajy(f) differs by more than 0,2 dB from A;(f), the
stability of the test set-up shall be improved and steps a), b) and c) repeated.

d) If the test set-up is sufficiently stable, the measured site attenuation is given by
SAm (f) = 20l0g,o {Aa}  (dB) )

where A;;(f) is the average value of A;4(f) and A;5(f) in linear units.
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4.4.5 Antenna-height scan measurements

This subclause describes the three antenna-height scan measurements needed to determine
the receiving antenna height h, ,, at which the measured site attenuation shows a sharp

maximum (see 4.4.3.2a) and 4.5.3.2). The sharp maximum results from (near-total)
cancellation of the direct wave arriving at the receiving antenna by the indirect wave, i.e. the
wave reflected from the reflecting plane.

4.4.5.1 At the frequencies f;, specified in 4.4.3.2a) and in the test set-up as described in
4.4.2 the height of the receiving test antenna (tuned to the frequency f;) is increased from a
height h, = 1,0 m up to a height h, ,,.(f;) corresponding with the first sharp maximum in the
SA, i.e] the first sharp minimum in the receiver reading.

NOTE The value of the minimum in the receiver reading is not of interest. This readidg is o mdicatpr to find

he max(fg)-

4.4.5.2 The height h ..(f5) is measured and recorded pciated

measutement uncertainty Ah, .. (f).

NOTE The measured hr,max(fs) may not be equal to h4(fg) as given jn #4.3.2:00 be ’ bends on
the propérties of the actual test antennas as well.

4.4.6 Frequency scan measurements

This sybclause describes the three st p ine the
frequercy f,,,x at which the measured site atte [ 4.3.2b)

and 4.$.3.3). The sharp maximum res ) cancellation of the direqt wave
arrivind at the receiving antenna by\ theindires , i.e. the wave reflected from the
reflecting plane. %

4.4.6.1 At the fixed reseivin aheights, h(fs) specified in 4.4.3.2 b) and in the
test sef-up with the tes as tured\to the associated frequency fg as given in 4.4{3.2 b),
the frequency o‘ i d from a frequency well below f;, say 100 MHz
lower than fg, up t0 & sponding with a full sharp maximum in the A, i.e.
minimum in the recei

NOTE The val e i he receiver reading is not of interest. This reading is only an indicatpr to find
fmax(hrs)-

4.4.6.2
uncertginty, A

ax(hs) is recorded together with its associated mepsuring

NOTE The measured f,.,(h,s) need not be equal to f (h,s) as given in 4.4.3.2 a) because f,,4(h,s) depends on the
propertigls of the actual test antennas as well

4.5 Antenna calibration test site compliance criteria
4.51 Introduction

The CALTS is deemed to be satisfactory when, at all frequencies at which antenna
calibrations requiring a CALTS are to be performed, the measured site attenuation (4.4.3.1)
and the measured antenna heights or the measured frequency (4.4.3.2) are within a certain
margin of the calculated theoretical values (4.5.3). Apart from the uncertainties in the various
measurement data, this margin also takes into account the tolerances allowed in the
measurement set-up.
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As explained in 4.5.2, the uncertainty margin consists of a part which shall be calculated
using the theoretical model and a part which is directly coupled to the uncertainty in the
voltage measurements from which the measured site attenuation is determined, and to
uncertainties in the scanned height or swept frequency measurements.

4.5.2 Tolerances and measurement uncertainties
4.5.2.1 The maximum tolerances for the various parameters are listed in table 2.

Table 2 — Maximum tolerances for d =10 m

Variable Maximum tolerance Subclause

L, +0,0025 L, or 4.3.2.4

+0,001 (m) if L, < 0,400 (m) /\(:
Zns VSWR < 1,10 4/3’?\\5\) \
A, +0,4 dB 4\3\2 é\b) \/
b +2° Q hég \ >

d 0,04 m CINN\ A3\
hy 0,01 m D\den
he 0,01 m 4.4.25
f +0 001f/\\)/ f 4.85.4
NOTE The need to take i %::EQ%\\ lerapce D e radius of a
wire element and the ungertainti iatedwith the alignment of the
wire antennas, is under cohgideratio
4.5.2.2 The measurementuyncertainty S%the ured site attenuation SA,, as fefined
in equdti i

(dBY)* + {ASA,(dB) }? (3)

where @, or by AAi(f) in 4.4.4.7, whichever subclause is
applicaple. sensitivity of the site attenuation to the pafgameter
toleran praxi s\given in table 2). The 95 % confidence level values ¢f ASA,
and A§ i

NOTE / ) ay\be salculated using the model given in annex C.

4.5.2.3| If the tolerances of the parameters comply with those given in table 2, ASA, (95 %) =

0,2 dB may’be used for the whole frequency range from 30 MHz to 1 000 MHz. In that fase, it
is not needed to perform ASA; calculations nor to report the results of the calculations in the

CALTS validation report.

NOTE A rationale for ASA, (95 %) = 0,2 dB is given in C.1.3.2.

4.5.2.4 The measurement uncertainty Ah.,, in the measured height of the receiving antenna
hy max @s defined in 4.4.5, is given by

A (M) = AR max (M) 1+ {Ahr (M) 12 (@)
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where Ah, oy is defined in 4.4.5.2, and Ah, accounts for the sensitivity of h, ., to the
parameter tolerances (maximum values as given in table 2).

NOTE Ah, can be calculated using the model given in C.1.3.3.

4.5.2.5 |If the tolerances of the parameters comply with those given in table 2, Ah, (95 %) =

0,025 m may be used at the three specified frequencies. In that case, it is not needed to
perform Ah, calculations nor to report the results of the calculations in the CALTS validation

report.

NOTE A rationale for Ah (95 %)= 0,025 m is given in C.1.3.3.

452 6 Tha maoaacuramant et inty, AL at thao masciiea A fraciianoy, £ acd -Fned |n
e Y e T oS UTCTeT T oo CT Ity S~ at tho mocasSurot— Mo yqucTiTy oo UCT

4.4.6, is given by

A (MHZ) = {{A Fimax (MHZ)}2 + {A f (MHz (5)
where
Af 4 |is defined in 4.4.6.2; and
Afy accounts for the sensitivity of f,,, to the parg ues as

given in table 2).

NOTE Af; can be calculated using the model given in C.1.

4.5.2.7 %)If, =
0,015 may be used at the three specjfied rece it is not
needed CALTS
validati

NOTE 4

4.5.3

In this values
realize with a
sufficig alue is

EXAMR
during easurements that distance equals d, = 10,01 m, the latter value |is used

in the galculations ever (d — d,) shall always be smaller than 0,04 m (see table 2), while
d, has|be€en"determined with such a small measurement uncertainty that |d - d, |<0,p4 mis
jUStiﬁauic.

.3) and

4.5.3.1 The CALTS complies with the site attenuation validation criterion if, at all frequencies
used for antenna calibration (figure 5)

|SA(dB) — SA (dB)| < Tsa(dB) - ASA,(dB) (6)

where
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SA.(D) is the theoretical SA at the specified frequency, calculated as depicted in annex C,
using the test antenna data following after the application of 4.3.2.6 and using the
actual geometrical parameter values L, d, h; and h,;

SA,(f) is the measured SA following from equation (1) or equation (2) (see also the note);

ASA,(f) is the SA measurement uncertainty (95 % confidence level) as derived in 4.5.2.2;

Tsa(h) is the allowed tolerance in SA.

Unless stated otherwise in the antenna calibration standard requiring the use of a CALTS, the
allowed tolerance is Tg,(f) = 1,0 dB over the whole frequency range 30 MHz to 1 000 MHz.

As a minimum._it shall be demonstrated that the CALTS complies with the SA criterion at the

frequerjcies listed in table 1.

NOTE 1
droop at

a) At 30
and 0,08
SA..

b) If the
clause C]
NOTE 2

If ASA,

Consequ
The max

decreasi

Filgure 5 — Relation between the quantities used in the SA compliance criterid

then ASA, (95 %) S
and measured site att

SAL* Tox I
\)\/SAm +ASA
SA

: 1

SA, - ASA,

< Tsa IEC 848/99

gnificant

0,13 dB
5A, with

Blly (see

0,3 dB.
bnuation.
5 %), by

11

4.5.3.2 The CALTS complies with the receiving antenna height criterion for a maximum in

the SA

where

if at the frequencies fg given in 4.4.3.2a):

|hrc (m) = A max (m)| <Thr (M) = Ahyy, (M)

()
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hpc(m) is the theoretical height of the receiving antenna at which the maximum in the SA

occurs, i.e. the minimum in the signal transfer, calculated as depicted in annex C,
using the test antenna data after the application of 4.3.2.7 and using the actual
geometrical parameters L, d, h;, and the actual frequency f;

he max(m) is the measured receiving antenna height following the procedure outlined
in 4.4.5;

Ahp (M) is the receiving antenna height measurement uncertainty (95 % confidence level)
as derived in 4.5.2.4;

The(m) is the allowed tolerance of h; ...

Unless|stated otherwise in the antenna calibration standard requiring the yse~ef a CAL[S, the

allowed tolerance is Ty, = 0,05 m.

NOTE Either 4.5.3.2 or 4.5.3.3 is applicable; see also 4.4.3.2.

at the
s listed

4.5.3.3| The CALTS complies with the frequency criterion for &

receiving antenna heights hg, with the antennas tuned to the as

in4.4.3.2b)
(8)

where
f.(MHz ximdm in the SA occurs, [.e. the

depicted in annex C, using the test

of 4.3.2.7 and using the| actual

frmax(MHZz)
Af(MHz) ived in
Ts
Unless|stated 3 TS, the
alloweq
NOTE ki is applicable; see also 4.4.3.2.

46 The validation report

4.6.1 Introduction

This standard specifies the requirements, the validation procedure and the compliance criteria
for a CALTS. This validation process is finalized by the editing and approval of a so-called
"CALTS validation report".

This validation report is a means to trace and guarantee the compliance with the CALTS
requirements set in this standard.

Either the CALTS owner or other parties may be responsible for the actual demonstration of
the validity of the CALTS.

The CALTS validation report shall comply with the requirements given in 4.6.2.
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4.6.2 Validation report requirements

The CALTS validation report shall address a number of items, each of them dealing with a
validation aspect of the CALTS. Each item and the justification for inclusion in the validation
report are described below. A summarizing checklist for the items to be addressed is given in
annex F.

a) General information

General information such as the CALTS location, responsible owner, etc. shall be given.

If the site validation is carried out by other parties/organizations, then these parties/
organizations shall be indicated.

Thg CALTS configuration shall be described, as well as its ancillary” component$ using

report
ation of

tennas

$ under
icipated
uch as
nsibility
tion.

¢ may be
acility: for example for outdoor|ranges
In general the performance stability of
mental
nt may

assess

citly.

ith the

ifications

Tratiy catior =€ COTT either by
inspection or measurement The compliance ver|f|cat|on results shall be available in an
annex or in a separate document (photographs, measurement results, calibration results,
supplier statements, etc.).
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d) The test set-up

This item of the validation report deals with the evidence on the test set-up. The test set-
up shall comply with the normative specifications given in 4.4.2 and the applicable values
given in table 2.

Each of the normative specifications shall be checked for compliance either by inspection
or measurement. The compliance verification results shall be available in an annex or in a

sep

arate document.

e) Validation measurements

The results of the site attenuation validation measurements carried out in accordance with
the procedure given in 4.4.4 and at the test frequencies and antenna heights given in

either the antenna height scan measurements (4.4.5) or the fre

tab:F 1 shall be described in this section of the validation report. In a
ments (4.4.6) shall be reported in this item.

f) Calgulation site antenna attenuation and tolerances
This$ item in the validation report shall indicate whether th
usin
the
calgulations shall be presented in this item using”default
casg of deviations with the tolerances in table 2

g) Compliance criteria calculations
In thi

the

with
will

, the xe

h) Fin

Proyided the §
eithler the he@}a
conkideration

4.7
Under

4.71
4.7.2

S\for vertical polarization

Site specificafi

sults of
basure-

culated
sults of
ertainty
lues in

lues of
sed in
pliance
on (8))

es and
$ under
account
em b).

4.7.3
4.7.4

Validation procedure

Compliance criteria

4.7.5 Validation report
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Annex A
(informative)

CALTS requirements

A1 Introduction

The normative specifications mean that, in general, a CALTS will also be an open area test-

site (ORTS). However, normative specifications do not require that a CA all always be
an OATS. Consequently, a CALTS may be weather protected, locate mine,
etc., aqd long as all normative specifications are met.

Test-sife details may be found in clause 5 of CISPR 16-1-4, ption is
given below. Particular care has been taken to supply the with a
referenice list (see clause A.4).

A.2 [The reflecting plane

A.21 Reflecting plane construction

The plane material can be a solid sheet or '8 should
preferaply be continuously welded at the ‘ min/10,
where f,;, is the wavelength associated wi . If a wire
mesh is chosen, care mugs i i ive contact
with each other. The meshwia 1

The thifkness of the - ments.
A condpctivity e iron is sufficiently high. The shape of the plane is
not very critical as“1o ot elliptical (see A.2.2). The reflecting plane|should
not be covered by a'p gignificant thickness, as this layer may alter thg phase
of the feflected w « B ¥ in 4.4.1 to differ from = radians [A.4]". For infofmation
about the flatr ess of the plane, see clause 5 of CISPR 16-1-4 and [A.3]. A
flatnes$ i i uffice for measurements up to 1 000 MHz

The hofi S iqns Of the plane have to be large enough that the influence of the finite
plane (i i \ the uncertainty margin associated with the antenna calibrgtion is
sufficie ate the
minimum honzontal plane dlmen5|ons to a specmed maximum uncertamty margin as @ result

hguld be
incorporated in the reflectmg plane ([A.1], [A.2] and [A.3]). This leads to a plane with minimum
dimensions of 20 m (length) by 15 m (width), but a smaller plane might also meet the CALTS
requirements. At the lowest frequency (30 MHz) the length L, of the test antenna is about 5

m. So, in the case of a 20 m by 15 m plane, the distance between the projection of the
validation set-up on the plane and a plane edge is at least L, at all frequencies in the range

30 MHz to 1 000 MHz.

References in square brackets refer to the reference documents found under clause A.4.
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A.2.2 Plane-edge effects and plane surroundings

When limiting the dimensions of the reflecting plane, the edge of that plane automatically
presents a transition to a medium with different reflecting properties, so that the EM waves
may be scattered at that edge and cause an unwanted influence on the measuring results.
Edge diffraction is usually noticed for vertically polarized results, but is negligible for
horizontally polarized results [A.7].

Among other things, the amount of scattering depends on whether the reflecting plane is in
the same plane as the surrounding soil (wet or dry soil may already introduce a difference
[A.5]) or the reflecting plane is elevated, e.g. it is located on a roof top. Results of
investigations can be found in [A.6], where it i ] ] i
should|never have the shape of the first Fresnel ellipse, as in that
introduged by the scattering at the edge may accumulate.

The edge of the reflecting plane may be multi-point earthed to the surrQ
soil hag good conductivity, e.g. when wet, it forms a good e i
plane [A.7].

If poten 5 of the
reflecti jnored.
This ve g fixed
length ossible
choice range
and fix 2mis
given in table A.1. The broadband appreaeh is 3 uch as
the NE

60 30 to 100 4,0
18 100 to 300 1,8
4 300 to 600 1,2
700 600 to 1 000 1,4

In the jabsence of ahomalies, the response will vary in a smooth way. In the presence of
anomaliesy’relatively narrow-band resonances will be superimposed on this response) These
resonances identify exact frequencies where the reflections from obstacles are worse. The
location of a suspected obstacle can be verified at these frequencies by exaggerating its
effect by placing a large metal plate in front of it, oriented at an angle that gives maximum
effect.

A.3 Ancillary equipment

Care should be taken that antenna mast material, adaptors, rope, effects of wetness of masts
and ropes, guiding of the cables, connectors, possible presence of a turntable if the CALTS is
also used as a COMTS do not influence the measurement results. Also, in these cases, swept
frequency measurements as mentioned in A.2 may reveal possible problems.


https://iecnorm.com/api/?name=375254cec673c2098b8844d11d1ee50f

CISPR 16-1-5 © IEC:2003 - 53 -

A.4
[A.1]

[A.2]
[A.3]
[A.4]
[A.5]

[A.6]

[A.7]

[A.8]

Reference documents

ANSI Standard C63.4, 1992, Methods of Measurement of Radio-Noise Emissions from
Low-Voltage Electrical and Electronic Equipment in the range of 9 kHz to 40 GHz,

1992.

Microwave Antenna Measurements, Hollis, J.S., Lion T.J. and Clayton L. (Editors),

Scientific Atlanta Inc., Atlanta, GA, U.S.A., 1986.

Transmission and Propagation of Electromagnetic Waves, Sander K.F. and Reed

G.A.L., Cambridge University Press, Cambridge, UK, 1987.
Note on the Open-Field Site Characterization, Livshits B. and Harpell K., IEE

E EMC

oymposium, benver, pp 504£-500, 199<4.

Site Attenuation for Various Ground Conditions, Sugiura A., Shipnig
Y., Trans. IEICE, E73, 9, pp 1517-1523, September 1990.

Ground-Plane Size and Shape experiments for Radiated
Measurements, Berquist A.P. and Bennett W.S., EM
U.S.A. pp 211-217, 1992.

EMC Antenna Calibration and the Design of a
Alexander M.J., Meas. Sci. Technol., 2, pp 510;

R

hanaka

mission
Denver,

J. and

agnetic
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Annex B
(informative)

Test antenna considerations

An example of a test antenna is presented in clause B.1, while clause B.2 discusses the
determination of the balun properties from S-parameter measurements, and/or from injection
measurements, as mentioned in 4.3.2.6.

B.1 xample of a test antenna

An exgmple of a test antenna, based on [B.1]", is shown in figgre\B\l. of the

in the
characteristic load impedance (assumed to be 50 Q) is the

inpuit/ output port of the test antenna;
of the hybrid foupler

. (JIhe\ cables have a length of
' pe wire antenna from mast

c) ferrjte beads (F) around the semi-rigi i e induction of commop-mode
curfrents on the balun and the connécted anteqna cable;

b) seni-rigid coaxial cables connected to the balanced
via| high quality connectors, e.g. SMA &
appfroximately 1 m, where this length\i
and| coupler reflections;

d) 3 dB attenuators at the output end id\eables acting as impedance stdbilizing
or matching pads (M),<to which the are attached via SMA connectors| These
con([ectors form the A a and D ports) mentioned in 4.4.4 and annex|C. The
external conductors n electrical contact near the wire aptenna.

This contact t of the balun when performing S-pafameter
measuremen@

It shou
types @
set out|i

lioried balun is just an example of a useful balun. Other
n fact every type is allowed, provided the requirements

The wir ave a length such that after attachment the test antenna mgets the

L,(f) re tin 4.3.2.2 (see C.1.1 for the calculation of L,(f)). In tabl¢ C.1 it
has be R at if f < 180 MHz the diameter of the wire elements is 10 mm, thug giving
the relati been
assumed<{that at frequencies f > 180 MHz an element diameter of 3 mm is sufficient. At
frequensi he—slomen j j ' a fixed

length dipole antenna (see annex D).

B.2 Determination balun properties

B.2.1 The ideal, loss-less balun

The ideal, loss-less balun is characterized by having signals at the A and B ports that are
exactly equal in amplitude and exactly 180° out of phase, provided all three ports (see

* . . .
References in square brackets refer to the reference documents given in clause B.3.
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figure B.2) are terminated in their characteristic impedance. Under the same condition, none
of the ports will reflect an incoming signal and an incoming signal at port 2 is not transferred
to port 3 (and vice versa).

Balun 1 1
Lwe
Infout &—— A ,L‘ f
LS Wg La
Semi-rigid Q A
coaxial cable \
RefereriCce pqin
IEC 936/99
F = ferrite bead
M = matg¢hing pad
NOTE The balun uses a coaxial hybrid junction.
Figure B.1 -
(N
\Qtvk))( analyzer 1
azl J‘bz |
D D =
A |
Qre—— |
® Balun 50 i
Ole— i
B i
50 Q 150 Q
Generator  Load Load Generator
IEC 837/99

Figure B.2 — Diagram of the measurement of Sy, and S,, and of S,, and S,,

when generator and load are interchanged
(in this figure by putting both switches in their alternative position)
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The basic set-up to measure S-parameters is given in figure B.2. The unbalanced input/output
port of the balun is numbered "1", and the balanced ports are numbered "2" and "3".

It is assumed that the characteristic impedance of each these three ports equals 50 Q (see
4.3.2.5). Compared to figure B.1, the complete balun (coupler, cables, etc.) is represented in
figure B.2 by the single box labelled "Balun". The Z-port of the hybrid coupler in figure B.1 is
always terminated in its characteristic impedance and, hence, does not play a part.

S-parameters give the relation between the incoming waves represented in figure B.2 by a4 or
a, and the scattered waves represented by b, and b,. The incoming and scattered signals are

measureq D nNe ana e a dire oNna ouple D he paramete =

erator and load (by changing the position of both switches) resy
of S,5 F by/a, and Sy, = by/a, (under the condition a; = 0). Simila

the 50 [2 load and measuring between ports 1 and 3, yields S;4, a
termindting port 1 with the 50 Q load and measuring between po
and Sjf, and S,5 and Ss,.

The S-parameter matrix for the ideal, loss-less balun j Qwirlg equation

11 d J 1 d Pa4/d dll d 821 =
nder the condition a, = 0) are measured with port 3 terminated in(50 Q\|nterchanging

aasuyrement
3t 2 with

53¢ Finally,
gin) Syo

(B.1)
In this B-matrix, Sy4 = Sgo = = 1 and
Sy3 = $31 = -1 as thse alun is
loss-legs) and tfie P Finally,
823= 532= 0 as the'is
B.2.2
The S- output
current ce and
conside¢ring po

(222 Zzﬂ_ 50
(B.2)
([(1 + S22)(1- S33) + S23 S32l 2832
2823 [(1-822)(1+ S33) + S23 S32l

so that the impedance Z,g (see 4.3.2.5 a)) is given by the following equation:
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_1-522833 + S23S32 — 823 = S32 4 - RAs * J XAB (B.3)

ZpB
(1—8S22)(1—-S33) — S23 S32

The measured value of Z,g is needed in the calculation of SA. (see annex C). The impedance
Zqp for the other balun needed in that calculation is determined similarly.

The associated VSWR complies with 4.3.2.5 a) and table 2 if

+ a—
ir < 1,10, where I" = Zpg — 100 (B.4)
1| | Zag-+100
NOTE If the hybrid coupler itself does not comply with the requirement formulated i uation (Bw#), the VSWR
can be Iqwered by using matched attenuators (M in figure B.1) with very low VSWR.
The bajance and phase shift of an actual balun is verified by consid
S12 _S21_ . _jg
22 =220 = el (B.5)
S13 S31
The anjplitude balance complies with 4.3.2.5 b) and {
(B.6)
and the
(B.7)
The isglation ofctal batun nd Ss,.
It comglies with 4.3.
(B.8)
The poss erence
voltage epicted
in figur
B.2.3 Insertion loss measurements

It is also possible to verify the balun specifications set in 4.3.2.5 b) and 4.3.2.5 c¢) by
performing the insertion loss measurements depicted in figures B.3 and B.4. From the results,
the so-called balun unbalance rejection (BUR) can be determined.
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Balun 1 Balun 2
1 -
2 . 50
Z, ° !
®
u
[¢]

IEC 838/99

Fi

f)
T- junction
U2
IEC 839/99
Figure B.4 — Schematic diagra ion of the insertion loss A,(f)
The measurements compxise UM e insertion loss A,(f) of two identical
baluns |connected head n4.44'N.and the determination of the insertion logs A,(f)
for a s|ngle balun.whe ach and 3 (see also figure B.4) are connegcted in
parallel. Assum@h ’ 4 S gdal contributions of the two baluns, thg balun
unbalance rejectio, 4ls s the common-mode rejection, expressed in decibels is
given by the followi
Aq(f
BUR( = Ax(1)- 217 (98) ®9)
It can be sho Nthesbalun complies with the aforementioned clauses and the asspciated
numerigcal value s tolerances as given in table 2 when BUR > 28 dB.
In the first“insertion loss measurement, firstly the reference voltage U,.,(f) is determing¢d as a

function of frequency over the frequency band specified for the balun. The measuring circuit is
that of figure B.3 in the absence of the two baluns but with a short circuit between the
connection points 1 and 3 and 2 and 4. Next, the voltage U,(f) is measured after insertion of

the two baluns connected head-to-head (see figure B.3). Then A,(f) expressed in decibels is
given by the following equation:

U 1(f)
U1(f)

Aq(f) = 20Iog10[ j (dB) (B.10)
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In the second insertion loss measurement, firstly the reference voltage U,,(f) is determined as

a function of frequency over the frequency band specified for the balun. The measuring circuit
is that of figure B.4 in the absence of the T-junction and the balun but with a short circuit
between the connection points 1 and 3 and 2 and 4. Next, the voltage U,,(f) is measured after

insertion of the T-junction and the balun to be verified (see figure B.4). In this measurement
the ports 2 and 3 (see also figure B.2) are connected in parallel via a coaxial symmetrical T-
junction constructed of semi-rigid cables and having the same electrical length of the parts c-d
and c-e of the T (full mechanical symmetry). In this measurement d is connected to port 2 and
e to port 3. The 6 dB matched attenuator pad, indicated in figure B.4 by M, has been added to
avoid standing wave effects.

To avo[d errors caused by parasitic elfects, the latter measurement is rep after reyersing
the corlnection between the balun and T-junction, i.e. d is connected to port 3 and e.to| port 2.
This mpasurement yields the voltage U, (f). Then A,(f) expressed in decib is.\given by the

following equation:

Ur2
max{U,, (f), Usy, (

0 aecount inth

A2(f) =20 Iog1o[ (B.11)

For the|ideal balun A,(f) = « dB, at all frequencies.

NOTE Ipstead of this T-junction plus 6 dB at
the attenjuation caused by the power divider she

er givider may be used. In this case,

B.3 Reference documents

[B.1] |Standard Linear Anternnas itzGerell R.G., IEEE Trans. on Antennas
and Propagatior

[B.2] |Microwave Impedar e Somlo P.l., Hunter J.D., published by Peter
Peregrin p )

[B.3] |Low Meas [es ¥n the Frequency Range 30 MHz to 1 GHz using
Calculable & efina and National Reference Ground Plane, Algxander
M.J. and $ . Sci. Meas. Technol., Vol. 143, no. 4, pp 221|- 228,
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Annex C
(informative)

Antenna and site attenuation theory

C.1 Analytical relations

This clause gives an analytical approach to the calculation of the total length L (f) of the wire

antenng (C.1.1) and the site attenuation SA; (C.1.2). The model takes intg"ac mutual
coupling between the transmitting antenna, the receiving antenna ap@\their | in the
reflecting plane. It also accounts for the actual field distribution alopg ntenna,
i.e. it i not assumed that the field arriving at the receiving antenn ne only
assumption made in this approach is that the current distrib enna is
sinusoidal.
A valug of SA, calculated from the analytical relations i of SA.
obtaingd from exact numerical calculations provided the val in wire
antenng is used in the analytical approach. tly thin
means [that the radius R, of the wire antenna
For a half-wavelength dipole “a llowing
equatign:
Q with a> 30 (C.1)
2\/
A comg including measurement uncertainty considerations is given in
C.1.3. Annex i 8 of a computer program to calculate the various quantities.
c.1.1 = s e test antenna
By definition,<the length L,(f) of the test antenna, i.e. the free-space resonant dipole at
the frequéency f follows when solving the following equation:
Xa(f,Rwe) =0 (C.2)

where

X,(f,Rye) is the imaginary part of the impedance of that dipole radiating into an unbounded

medium, i.e. in free space;
R

we
telescopic elements) and to be much smaller than L.

* . . .
References in square brackets refer to the reference documents given in clause C.3.

is the radius of a wire element, assumed to be a constant along its length (non-
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The feed-point gap Wg is assumed to be infinitely small. X, is given by the following equation
(see [C.2]):

X, :4ix [2Si( KLy )+ cos( KLy ) x { 2Si( kL, )— Si(2 kL, )} —
T

(C.3)
sin( kL, {2 Ci( kLg) - Ci( kLg) - Ci(2kR$V8/La )}] x sin~2 (kL4/2)
where
n=377 Q;
k = 2n/hg; and
Ao the wavelength in vacuum.
Si(x) amd Ci(x) are given by the following equations:
X
Si(x) = j sin(z) o, C.4a)
T
0
C.4b)
(C.5a)

and can be calculg\ted g
X —g(x) cosx (x >21)

o oo (C.5b)
i(x rinx+ S EDXT (x < 1)
— 2n (2n)!
n=1
44 24 4 4 24
x"ta, x“ta x"te x“te
X _# ,g(x)=%# (C.5¢)
X{x"*+byx“*b, x“(x"*+dyx“td,

with  |8,57,241163 b, =9,068580 c, = 7,547478  d, = 12,723684
ay=2,463936  b,=7,157433 c,=1,564072 d,= 15723606

The L,(f) data in table C.1 have been derived from equation (C.2), using equations (C.3) to
(C.5).

C.1.2 Theoretical site attenuation

The site attenuation (SA) is calculated by using a network model [C.4] (see figure C.1). The
RF generator supplies a signal to the feed terminals A and B at the balun of the transmitting
antenna. The signal arriving at the feed terminals C and D of the receiving antenna is
measured across the receiver impedance Z,. The cables and baluns are represented by the

T-networks.
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z | I I
9 | | |
| | |
) i # i
Generator | Cable i Balun | Site i Balun | Cable | Receiver
B D
IEC 840/99
Figure C.T — Network model for SA calculations
A I’I
ZAB
UAB
U,
B D IEC 841/99
Site
Figure C. lent c% to thevietwork in figure C.1
g 12’ 221
/!
Ug \\ UAB I1 UCD’ Iz //I Z' ’\US
\ / ,
Balun AN / Balun
\ /
\ ’
\\ //
Z14 \\ Z13 224 // 23
N \ y
U 1, _| d \[U4, I,
IEC 842/99

Figure C.3 — Definition of the mutual couplings, feed-terminal voltages
and antenna currents of the antennas above the reflecting plane
and their images
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When the reference voltages U 4(f) and U,,(f) (see 4.4.4.1 and 4.4.4.4) are measured, the

feed terminals A and C are interconnected by a short conductor having a negligible
impedance. Similarly, B and D are interconnected. When measuring Ug(f) (see 4.4.4.3), with

the wire antennas connected to the feed terminals and the test antennas in their specified
positions, the influence of the site on the signal transfer is represented by a T-network with
ports AB and CD as shown in figure C.1.

The circuit of figure C.1 can be simplified to that of figure C.2, in which Z,g and Zp are the

measured balanced-port impedances (see annex B). From the circuit in figure C.2 it follows
that when measuring the reference voltage U, (so that Z; = Z, = 0 and Z3 = «):

ZcD
U = U = — <= U CG
co = Ucpr = =7 Ut (C.6)

It also follows that when measuring Ug

ZcpZs <\ (C7)

Ucp = Ucbs = S\
(ZAB+Z1+Z3)(Z Z3 _23

so that|the calculated site attenuation is given b

3 (C.8)

The nekt step is to relate
figure ¢.3, i.e. to

And Z5 to the actual situation as depjcted in
the reflecting plane.

The sig
port 2
and the

n=m).

g port 1 (feed terminals A and B) and the receiving
enced by the various couplings between the antennas
indicated by the transfer impedances Z,,, (n,m:|1 to 4,

The tenrii voltages Upg\and Uqp are formally related to the antenna currents /4 thrpugh /,

Upag = Zy1l1t Zyply* 24313+ Zyly

(C.9)

Ucp T 42111 T £oplp T L33 T Ly ly

For the theoretical reflecting plane and in the case of horizontally polarized antennas which
are aligned parallel to each other /3= pl; and I,= pl,, where p = re’® is the complex reflection

coefficient of the conducting plane. In the ideal case, p= —1 in the present configuration.
Moreover, because of reciprocity Z,,= Z,4 and Z,3= Z;,. So equation (C.9) reduces to the

following:

UAB = (211 + ,0213)/1 + (212 + /0214)/2

(C.10)
Uep = (Z1pa* P Z4) 11+ (Zn * P Zy4)15
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From the circuit in figure C.2 it follows that

Upg =(Z4+Z3)14+ 251,

(C.11)
Uep = 2514+ (Z,+Z35)1,
and comparison with equation (C.10) yields
Zy+Z3=24g * plyg, Zy*tZ3=Lyp* plyy and Z3 = Zqp + pZyy

i L QN o Y
so that egtatnon—(Co)canoerewrtitenas

SA. = (Zpg * Z11+ PZ43) (Zop * Zop + P Z24) ~ (Z4p AR Z14 C.12)
¢ (212 +PZ14) (ZAB +ZCD)

From equation (C.9) it follows that Z{4 and Z,, are the in

radiating into free space, thus in absence of the reflecting
impedgnces can be calculated from X 4 = X5, = X

R11 = Ry = R, from the following:

th ire gntenna

ry part df these
.3), the real part

Ra = - {y +In(kLa) - Ci (kLa
2r

C.13)
+—cos (kL

The muitual impe L orentz
reciprogity theor bnna is
taken into account, Y ceiving
antennfg. The only nnas is
sinusoigdal, ven in
equatidn (C.4

IfZ.m 7 4, m=1,..,4, n=m)the real part is given by the following [|C.1]:

Rom = 4ix {22 CiTkram ) - Ci (ks3) - Ci (ks4 )]
VA

+ cos (kLa ) x |2 Ci (krnm ) + Ci (ks1) + Ci (ks2 ) — Ci (ks3 ) — 2 Ci (ksS4 )| + sin (kLa ) (C.14)
+ sin (kLa ) x [Si (ks1) - Si (ks2) - 2 Si (ks3 ) + 2 Si(ks4 )[} x sin~2(kLa / 2)

and the imaginary part by the following:

Xom = ;—Z x {2[2 Si (krom ) - Si (ks3 ) - Si (ks4)]
+c0s (kLa ) x [2 Si (krnm ) + Si (ks1) + Si (ks2) — 2 Si (ks3) — 2 Si (ks4 )] (C.15)
— sin (kLa ) x [Si (ks1) - Ci (ks2) — 2 Ci (ks3 ) + 2 Ci (ks4 )]} x sin~? (kLa / 2)
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where r,,, is the distance between the centres of the antennas n and m, and

imped
be use

4.5.3.2

S'] :‘Vrnzm +L§ +La
S2 :Vrnzm +L§ - Ly
S3 =12y +(Lg /2% +L,12

S4 = +(La/2P —Lal2

(C.16)

and 4.5.3.2.

Cc.1.3

nces in
e other

idns can

pded in
4.5.2.2

ations.

na, the
values

Results 4. calculations; Taljle C.2:
ASA; ¢ 4: f, and Af; calcu

An exa en in annex E

Inall c d’that of the transmitting anten
horizon .

specifigd in 4.4. When értainty calculations, the tolerance

in 4.5.4.

ange SO@S
R,.=9%,0 mm, and'th

In the

we

plane,

C.1.3.2_~" ASA, calculations (table C.2)

The measurement uncertainty ASA; (4.5.2.2) with 95 % confidence level can be calculated

from th

5 given

gntenna

(f) has
ed port
flecting

e following (see [C.6])

(C.A7)


https://iecnorm.com/api/?name=375254cec673c2098b8844d11d1ee50f

CISPR 16-1-5 © IEC:2003

—79 —

assuming a rectangular probability distribution of the variables ASA_(i) and accounting for the
uncertainties in the p = 9 variables: h, hy, d, f, Zpg, Zcp, L5, Ap and ¢, (see also table 2).

For the first six variables, ASA_ can be calculated from

where

SA; is the nominal value of the site attenuation as calculated in C.1.3.1;

SA, (i) = Max [Abs{SA, — SA(p; + Ap;)}]

1,2,....

(C.18)

SA(p; 4 Ap;) and SA(p; — Ap;) are the calculated site attenuation for the/vari

tolerante Ap and p minus that tolerance.

Resulty of ASA. caused by Ah,, Ah;, Ad and Af specified in table 2 §

of tablgq C.2.

NOTE hen calculating the effect of Af, the antenna length L, remaj
frequencly. In the "procedure SA" in the computer program given in anne
when vafying the variable "f" representing the frequency.

Table C.1 — Numerical example,

alcul

0

to [y at the
" keeps L, [constant

lus the

3to6

nominal

f hy Rue L, sA 5 /hr Rye L, Shc
MHz m mm m(\ MHz m mm m dB
50 4,00 | $eo [\4,803 (N2t BN sbo | 200 | 500 0,885 | 2644
35 4,007, ‘s'\oo \g 12 NC20y95 180 2,00 1,50 0797 | 27.42
10 4, /@Q &§94 29,60 200 2,00 1,50 0,716 | 29,37
45 4,00/§5b@\ 53,192/ 20770 250 1,50 1,50 0572 | 3043
50 4,0@ \ 0 YN\2.870 | /21,12 300 1,50 1,50 0,476 | 3247
50 (4, 5\90 2\,%88 22,13 400 1,20 1,50 0,355 | 34,90
y
0~ .00 [ 608 | 2043 | 21,76 500 | 230 | 150 0,283 | 37,02
0 W 00 1,785 | 2093 600 2,00 1,50 0,236 | 3835
0 \t\,og 00 | 1585 | 2149 700 1,70 1,50 0,201 | 39,49
1po 4,00 V500 | 1,425 | 22097 800 1,50 1,50 0,176 | 40,91
120 4 00 500 1.185 25 16 900 130 1580 0 156 41 84
140 2,00 | 500 | 1,013 | 27,20 1000 1,20 1,50 0,140 | 42,71
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For the impedances Z,g and Z.p, table 2 specifies a maximum VSWR of 1,10. In the present
numerical example this means that both impedances have a circle (centre at p = 100 + j0 Q,
radius Ap = 9,5 Q) as a boundary in the impedance plane. Investigations show that it is
sufficient to only perform the calculations for p = (100 + Ap +j0) and p = (100 % jAp). Results
of calculations are given in columns 7 and 8. Note that the ASA_ values given in table C.2

columns 7 and 8 are equal only when h, = h;.

ASA. associated with L, A, and ¢4, can only be estimated via numerical techniques, such as
discussed in clause C.2. Using these techniques it is found that ASA.(L,) < 0,03 dB and that

ASAL(A

b, %) < 0,03 dB.

Table
six vall

follow
confide

Assum
follow.
value o

C.2 column 9 gives the root-sum-square (RSS) value AS
es ASA; in the preceding columns. The 95 % confidence

10 from multiplying the column 9 data by 2/43 (see
nce level values of ASA, follow from:

6
ASA{(CL = 95%) = %\/{2 ASAZ2 (i)
i=1

ng ASA.(L;) = 0,03 dB and ASA
In this example, the maximum va
f ASA; = 0,20 dB is mentioned i

mn 11

i$ why a
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Table C.2 — Numerical example, calculation of ASA, (see C.1.3.2)

Frequency SAc Ahr Aht Ad AFf AZAB AZCD RSS 95 % 95 %

ASA, | ASA_ | ASA, | ASA; | ASA_ | ASA, | ASA; | ASA; | ASA

MHz dB 4B dB dB dB dB 4B dB dB dB

30 21,03 | 0,023 | 0,018 | 0,056 | 0,031 | 0,110 | 0,026 | 0,13 | 0,15 | 0,16

35 20,95 | 0,028 | 0,020 | 0,051 | 0,007 | 0,080 | 0,057 | 0,12 | 0,13 | 0,14

40 20,60 | 0,025 | 0,024 | 0,054 | 0,005 | 0,059 | 0,105 | 0,14 | 0,16 | 0,16

45 20,70 | 0,013 | 0,028 | 0,055 | 0,013 | 0,036 | 0,121 | 0,14 | 016 | 0,17

50 21,12 | 0,001 | 0,033 | 0,048 | 0,016 | 0,010 | 0,106 | 0,12 (| 0,1 015

60 22,13 | 0,002 | 0,044 | 0,051 | 0,005 | 0,027 | 0,049 | 909 | E104[N0.1]

70 21,76 | 0,019 | 0,050 | 0,050 | 0,038 | 0,061 | 0,058 K 0M2\] o0& | o

80 20,93 | 0,014 | 0,041 | 0,038 | 0,039 | 0,104 | 0,098 dute\ | w18 1P

90 21,49 | 0,011 | 0,012 | 0,035 | 0,011 | 0,121 /\(ko\sé \\OFP& 0,18 0,1p

100 22,97 | 0,007 | 0,021 | 0,036 | 0,027 | 0,106 0,0 LN 15 | 0,1b

120 2516 | 0,008 | 0,039 | 0,012 | 0,018 | 6,051 M09} 012 [T013 | o1p

140 27,20 | 0,043 | 0,043 | 0,047 | 0,029 0,§f>§7 I\o,o\f& of | 013 | o1k

160 26,44 | 0,030 | 0,032 | mnde | 0993 } 0,097 | 097 P o5 | 018 | 01p

180 27,52 | 0,021 | 0,021 \8\039 \o‘gzg 0,08\6\ 0,09’6 013 | 0,16 | 0,1p

200 29,37 | 0,015 | 0,015 | 0029 | 0YIR[N0x57 [0,057 | 0,09 | 010 | 01

250 30,43 | 0,035 | 0,019 | 0,03 .02 [Nq,08% | 0,072 | 013 | 015 | 0.1p

300 32,47 | 0,090} 0,08 \0N16 [X0:920 9,075 | 0,076 | 0,11 | 013 | 01p

400 34,90 [n0,042 | 0%054-] 0,098 0.016)] 0,084 | 0,002 | 0,14 | 016 | 01}

500 37,02 | 0,006\ 0,006\] 0:047 . 0,009 | 0,068 | 0,069 | 0,11 | 012 | 01p

600 ég,s} Qooo o,(%4\ \}@\s\, 0,012 | 0,075 | 0,075 | 0,11 | 0,12 | 0,1B

700 39,5¢| 0,002\ | 01046\ [N0.017 | 0,008 | 0,080 | 0,072 | 012 | 014 | o1k

800 ad. 9N \0,00 051 |)0,008 | 0,000 | 0,071 | 0,075 | 0,12 | 0,13 | o1k

900 184 \00Q5 [NQ,018 | 0,025 | 0,009 | 0,075 | 0,068 | 011 | 042 | 0.1p

1000 \| 42,7 0,011 0062 | 0,004 | 0,010 | 0,079 | 0075 | 013 | 015 | 0.1p

SM\{% 0,062 | 0,056 | 0,039 | 0,121 | 0,121 | 0,16 | 0,18 | 0,1b

m ma
NOTE Fhe We in this table gives the maximum value in each column. Three digits behind [the
corhma ‘in/ columns” 3 to 8 have no practical meaning, and are only given for the comparison| of
calfulated results.

C.1.3.3

This subclause considers h, ,,(fs) as specified in 4.4.3.2 a) and 4.4.5. The value can be
found by a procedure which searches for the first sharp maximum in SA for h, > 1 m. Care

should be taken that a sharp maximum is found, i.e. a maximum associated with a cancelling
of the direct and indirect waves at the receiving antenna. Results of h, (see 4.5.3.2) at the

h.. and Ah, calculations (table C.3)

frequencies fg specified in 4.4.3.2 a) are given in table C.3.

Also given in table C.3 are the results of measurement uncertainty calculations, yielding
similar to those given in C.1.3.2, using the tolerances given in table 2. In the case of

Ah

r,max:
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