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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

intqarference measurements and statistical methods.

FOREWORD
The International Electrotechnical Commission (IEC) is a worldwide organization A0 ing
all national electrotechnical committees (IEC National Committees). The( obje ote
nternational co-operation on all questions concerning standardization in the el To
this end and in addition to other activities, IEC publishes International ns,
Technical Reports, Publicly Available Specifications (PAS) and Gui “IEC
Publication(s)”). Their preparation is entrusted to technical committeg ted
n the subject dealt with may participate in this preparatory on-
governmental organizations liaising with the IEC also participate—i NEC collaborates closely
with the International Organization for Standardization (ISQ conditions determined by
pgreement between the two organizations.
The formal decisions or agreements of IEC on technical nal
consensus of opinion on the relevant subjec : all
nterested IEC National Committees.
EC Publications have the form of recommendatiors nal
Committees in that sense. While all reasona EC
Publications is accurate, IEC cannot be any
Mmisinterpretation by any end user.
n order to promote intern ons
fransparently to the maximu hce
pbetween any IEC Publicat din
the latter.
EC provides ng/mwarking any
equipment declared to {
All users should ens 3
No liability shall af and
members of its te al C¢ EC National Committees for any personal injury, property damage or
pther dama ature tsoever, whether direct or indirect, or for costs (including legal fees) pnd
expenses aksing 0 3 2ation, use of, or reliance upon, this IEC Publication or any other JEC
Publications.
Attentio ative references cited in this publication. Use of the referenced publicationp is
ndispensable forthe application of this publication.
Attention is.drawn_to the possibility that some of the elements of this IEC Publication may be the subjedt of
patent rights/ IEC shalf not be held responsible for identifying any or all such patent rights.
prnational Standard CISPR 16-1-5 has been prepared by CISPR subcommittee A: Ra|dio

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.

Th

is 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.

@%
E
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INTRODUCTION

CISPR 16-1, CISPR 16-2, CISPR 16-3 and CISPR 16-4 have been reorganised into 14 parts,
to accommodate growth and easier maintenance. The new parts have also been renumbered.
See the list given below.

Old CISPR 16 publications

New CISPR 16 publications

/ CISPR 16-1-1 Measuring apparatus
Radio disturbance / CIOFIN TO=1T=-2 I:\Ilbiiidly CquiplllUIIL - \JUIIUIULI.U\.E U.ibl.ulll.)dllbb'r_
CISPR 16-1 ;nedaisrm?nugnity é\.} CISPR 16-1-3 | Ancillary equipment — Disturbance power
apparatus \A CISPR 16-1-4 Ancillary equipment — a)i\ ted dIS bances
Antenna calibration testsites for MHXto
CISPR16-1-5 | 1000 MHz {\ Q(\\Z\
CISPR 16-2-1 | Conducted dwkgr&s ements
Methods of 4 CISPR 16-2-2 Measurement\Qf distﬁb@cé\pow
CISPR 16-2 | measurement of <\
disturbances and CISPR 16-2-3 | Radiated distutbancefgasurements
immunity \ < \m@ ¥:ﬂ\ \Q
CISPR 16-2-4 uni suterken
CISPR 16-3 (CIS?R)tech{al orts)
CISPR 16- \ngm\e ainties in standardised EMC tests
Reports and % 4(ﬁ’\ / /}e\ \
CISPR 16-3 | recommendations ¢ CI\S\QR *{4\\2 eMeaS(urel‘n@J)t iMmentation uncertainty
of CISPR
tatisWderations in the
R 18<4- determination of EMC compliance of mass-
_ Npro ced products
CISPR 16-4 | Uncertainty in E ISPR 164 Wcs of complaints and a model for the
measurement \(\ Iculation of limits
i AN
Molre specific inf atie en the ‘old’ CISPR 16-1 and the present ‘ngw’
CI$PR 16-1-5 is introduction (TABLE RECAPITULATING CROSS
RE[FERENCES).
Measurement jnstrum cations are given in five new parts of CISPR 16-1, while
thgd methods¢of are covered now in four new parts of CISPR 16-2. Varigus
regorts wj formatiop/and background on CISPR and radio disturbances in gengral
arg giveq i ISPR 16-4 contains information related to uncertainties, statisfics
and limit medelliRg
CI$PR 164 _Jconsistg” of the following parts, under the general title Specification for radio
disturbance” and immunity measuring apparatus and methods — Radio disturbance gnd

immunity measuring apparatus:

Part 1-1: Measuring apparatus,
Part 1-2: Ancillary equipment —
Part 1-3: Ancillary equipment —
Part 1-4: Ancillary equipment —

Conducted disturbances,
Disturbance power,

Radiated disturbances,

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 16-1-5
Clauses, subclauses Clauses, subclauses

a WN =
WN -

>

nnpexes

s<cHoD

I

igures

5] 56, 57, 58, 59
1.8.2,8.3,S4
A, T2, T.3

—0n o

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 part of CISPR 16 is designated a basic standard which specifies gui for
caljbration test sites, used to perform antenna calibrations, as wel 8 na
characteristics, calibration site verification procedure and site copiphance critéri her
infprmation on calibration site requirements, test antenna consid S S of

anfennas and site attenuation is provided in informative annexes~

Measurement instrumentation specifications are given in(Cl 18 ‘ -1-4.
Further information and background on uncertainties i sl j -4-1,
whjch may be helpful in establishing uncertainty e of
anfennas.

2 | Normative references

The following referenced documents gre indispe

Fof dated references, only the ed|t|on cited applies
of {he referenced documepn C an d

or the application of this documgnt.

CI$PR 14-1:2000, EI 6 C¢ 2tibility ~ Requirements for household appliances,
electric tools and i : SSi

CI$PR 16-1-1:200: e it 3 radio disturbance and immunity measuring apparagus
an{l methods — Pz k badnce and immunity measuring apparatus - Measunng

apparatus

CI$PR 16:<1-4; gcification for radio disturbance and immunity measuring apparafftus
an{l methods 3 \Radio disturbance and immunity measuring apparatus — Ancillary
equipment { 1

CI$PR 16-4-1:2003\/Specification for radio disturbance and immunity measuring apparafus
angd methods — Part 4-1: Uncertainties, statistics and limit modelling - Uncertainties| in
standardised 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

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.

Site attenuation measurements of a CALTS are used for comparison t¢ asponding site
attgnuation measurements of a compliance test site, in order to evalyé ormanceg of
thg compliance test site

3.2

compliance test site (COMTS)

enyironment which assures valid, repeatable measurepien ield
stréngth from equipment under test for comparison to a co

3.3

antenna

that part of a transmitting or receivirg syst
electromagnetic waves in a specified

NOTE 1 In the context of this standard, the balu

NOTE 2 See also the term "wire antenna".

3.
balun
pa S|ve electrlcal net rk

he input impedance of the wire antenna measured across

sitg attenuation
ite attenuation between two specmed posmons on a test S|te is the insertion loss determir

h'conductor approximately a quarter-wavelength long sdch

ed
put

and receiver mput is replaced by transm|tt|ng and receiving antennae placed at the specified

positions
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3.7
test antenna
combination 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 receiv
electromagnetic waves

ing

NOTE A wire antenna does not contain a balun.

4 | Specifications and validation procedures for a test site to b

Clguse 5 of CISPR 16-1-4 specifies the requirements for a is
disturbance field strength measurements in the frequency rafge ©
Sugh a test site may not be suitable for calibrating ante

abpve a conducting, flat metal plane in the frequency
sit i
co

4.1

requirements and validation procedure for a test site sui ¢ allbrt|on of antennas

dio
Hz.
the

est
for

A erred to herein as CALTS|| is
int antenna for its free-space antenna
fagtor. This calibration is p above a reflecting plane by using only
hofizontal polarization. Sy : 3 cify the characteristics of a CALTS, the
characteristics of a calculak S : eVCALTS verification (validation) procedpre
ang performance critefias Jati ocedure given in 4.5 requires the use gf a
calculable dipole -antenna” as i in 4.4, thus creating the possibility of comparjng
thgoretically pre sured CALTS performance. Items to be reported
in [a CALTS validati 3 arized in 4.7. Annex A provides guidance [for
comstructing a CALAS, which th validation criteria specified in 4.6

In |order for sed as a reference test site (REFSITE) for validating the
pefformance \ of ording to clause 5 of CISPR 16-1-4, some additional
reduire be specified. Subclause 4.7 specifies the additional characteristics and
pefforma ce C est)sites specified in clause 5 of CISPR 16-1-4, which are used |for

testt site (COMTS)._Vahdation of a COMTS may be obtained by comparing it to the theoret
sitg¢ attenuation given in clause 5 of CISPR 16-1-4 (which takes precedence) or by compar
sit¢ attenuation measurements of the REFSITE to corresponding site attenuat
melasurements of the COMTS, using the same measurement set-up and equipment (antenn

with radiated emission limits are referred to herein as a compliance

cal
ng
on
as,

calles generator receiver pfr)

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 validat
procedures. They also give a model for calculating theoretical site attenuation, numeri
examples and a checklist for the validation procedure.

ion
cal
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4.2

4.2.

Antenna calibration test site (CALTS) specification

1 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:

Th
inf
the

4.2

a) |site attenuation at fixed antenna heights, and

b) [antenna heights for maximum sit¢ attenuatign or maximum site attenuation, at
frequencies at which the antennas shal

NOTE 1 In the CALTS validat{on proc hich is also subject to normative specificat

(se¢ 4.3 and 4.4)

NOTE 2 The CALTS validatio S 8 infdrmation on how compliance with the requirement]

maintained, so that the . CALTS is"degm S sly with the requirements during its actual use.

4.3 Test anteﬁ}

4.3.1

To| allow ( ricq tion of the theoretical site attenuation SA. needed in

vaSI’tdation progedure are needed which can be accurately modelled. Therefore,

te ree-space resonant dipole connected to a balun with specifi

prgperties est antenna specifications are given in 4.3.2. An example of

construction @ ntenna is given in annex B

The test.antenna consists of a balun and two colinear wire elements (conductors) each hav

two antenna masts carrying the antennas to be used in either the CALTS validat
procedure or the antenna calibration procedure;

the cables to be connected to these antennas; and
electronic equipment, such as an RF generator and a measuring
p normative specification for a CALTS is given in 4.2.2, while

brmative specifications as a guidance to construct and place
validation criteria will normally be met.

2 Normative specification

the calibration of antennas, the CALTS sha
.3, i.e.

|ameter DWe and length L. These elements are connected to the two feed terminals

e validation criteria given i

on

all

ons

the

the
ed
the

ng

to-tip Iength L, of the antenna is glven by L,=2L,,
the middle of the feed-terminal gap on the centre- I|ne of the two colinear wire elements.

et W The centre of the test antenna is in

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

bal

un 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

L4(f) can only be calculated numerically, see C.2.2.

NOTE 2 When using a telescopic antenna, the telescopic elements should be
elenents having the largest diameter are used first (see figure 2), and the nume
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

B ] B ]
Figure 2a — Correct ~ /EC 844/99 Figure 2b — Incorrect IEC  845/99

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

wit

hL,=L, (80 MHz) may be used.

the

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

where

’1 CO/ max’

fmax ib t;IG :Iiy:lcbt tcbt fl CcyucTivy dt VViIiL’:I t:IC tcat dlltvlllla ;D uacd, alld

Co is the velocity of the electromagnetic waves in vacuum.

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

5 ()

specified for that antenna (see table 2), that length is presumed 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 ma the
unbalanced port is terminated in the impedance try
(the antenna feed cable);

b) [an amplitude balance with respec ee
table 2, when both feed terminals s to
the balun reference point;

c) |a phase balance of 180° A¢b (s in
an impedance Z,g/2

NOTE 1 Connectors at the|bs

NOTE 2 The balanced portii . The

preferred value of t 4@

NOTE 3 The impedance’Z,

NOTE 4 The amplit are

sufficiently equal ina pI|t ced

por{ meets the the
unbjalanced port\is ter

NOTE 5 A iized

reflecting su

NOTE 6 The cem be

infllenced by thg surrQundings. The balun reference point and the ground terminal of the output/input port|are

conpected to\that screen:

4.3.2.6 * The balun properties required in 4.3.2.5 may be determined from S-paramgqter

measurementsand; partty; fromimjectiommeasurements:

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

gen

erator 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

th TS
sufficiently meets the properties assumed in the SA calculations, i.e.:

a) |the plane is perfectly flat and infinitely large;

b) [the absolute value of the reflection coefficient of that plane is r =

c) [the phase difference of the incoming and reflected horizontally [ , : the

d) |the influence 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 ire
using fixed antenna heights (see 4.4.4), after whic S are
compared;

2) |the properties a), c) and d) are veifi
of one of the test antennas is sca
calculated height of that antenna
4.4.5).

ght
nd
ee

Alternatively, the latter ed

freguency measurement pro

Below, a quantityx A in
theg validation proced

ial

hlly

in

in

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.

drop_onto the
reflecting plane and (preferably) continue to run underneath the reflectiplg plane _or on top of

that plane perpendicularly to the wire elements until they reach th plane.|To
avgoid common mode coupling, ferrite loading of the coaxial cables gox is
adyised.

NOTE 1 The cables should have a low transfer impedance to avoid influe the

inddced cable sheet currents through that impedance.

NOTE 2 When the cables run partly underneath the reflecting plane, the she oR the_cabbe should be bonded
(360° around) to the reflecting plane when penetrating that plane.

4.4.2.7 The RF generator and RF receiver shall\no the

4.4.2.8 The RF generator shall have a\goosd ili but
theg duration of the site-attenuation measur .

NOTE It might be necessary to |c|ude a war allyNpd i the
RF |generator and RF receivey/i i ese
equipments.

4.4.2.9 The RF receivers its_lin® i i ast
50(dB. The unceytai i i i ble
value for the rec i

NO
pregisi

3ted

be|carried o the

NOTE 1, mformation concerning the CALTS performance at the intermediate frequencies can be obtained by u
dpt-frequency measurements as described in A.2.2.

ng

case a swept frequency procedureshould be carrled out around the specmed frequenmes and at the assomated
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

ac(

as

Th

rep

4. ator providing the signal for the transmitting anten
sh able 2), of a test frequency specified in table 1 on i
4.4.

4.4.4 urements

This subclat i the three measurements needed to determine the measured si
attgnuation SA & 4.5.3.1), at the specified frequencies. The site attenuation be
comsiderediis the SA between the feed terminals of the transmitting antenna (A and B i
figlires 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 possuble to consider the

combinations {h,f:}: {2,656 m, 300 MHz}, {1,30 m, 600 MHz} and {1,70 m, 900 MHz} of
receiving antenna height h.; and the test antenna tuned frequency f.

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)

the

Frequency h, Frequency h, Frequency h,

MHz m MHz m MHz

30 4,00 90 4,00 300 (1,50
35 4,00 100 4,00 a0 “go
40 4,00 120 4,00 500 < 2,3\0\
45 4,00 140 2,00 696\ \| 200
50 4,00 160 2,00 7&@\ o \\70
60 4,00 180 S\ 800\ N[N 1.9
70 4,00 200 9%\‘ 7,30
80

ers

on

na

SA

bet

veer—the—two—cabtetbatun—interfaces pluvlucu the—battn plupcluco are Illuulpulatcu t—the—catettation—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)

5,

2o &

Generator Cable

Receiver

[
T
w)
s

Balun N Ba

IEC 847/99

Figure 4 — Determinat he wir tennas in their specified position

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

foflows (see figure 3). The wire elements of the test antennas gre

alun and the two baluns are connected head-to-head (see also npte
4 below) withya ¢ tion which is as short as possible, preferably < A,;,/10, where A, has

be¢n defined in 4.3.2.3.

The tevel of the RF generator is set to give a receiver reading at least 60 dB above the nojse
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

tes

t set-up are the same as in 4.4.4.1. See also the notes t0 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

re

rep
4,
st
rep

NO
esp|

4.4.4.6 The measured site attenuation SA () i

wh

NO
freg

4.5

L. : 1 1l Ll LE\
dirtyg 1o TCLUTUCU do US(I/.

4.5 If Uy4(f) and U,,(f), expressed in logarithmic units, differ

bility of the test set-up shall be improved and the aforementi
eated.

ecially under direct sunlight exposure.

'E If no provisions have be®
uencies 30 MHz, 35 MHR
3.1).

wer
see

4.4.4.7 Where @ the

following substitutiog is

available and the b3

a) |Determin

b) [Replace.ihe t na
cabl ()
such tha ()
and its associ

c) | To  demonstrate the stability of the test set-up mentioned in 4.4.2.8, repeat step b)l to
determine Aj,(f) after a period of time approximating the total time between the reading of
L{Hn ep—a—ahd-A AR ep—)- A ditfe byrmoere—thano aB—Hem-A A—the

S ] ] 3 1 y

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) = 20logyo {Aa}  (dB) (2)

where A;;(f) is the average value of A;4(f) and A;5(f) in linear units.


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

CISPR 16-1-5 © IEC:2003 -35-

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.

.5.2 The height h, ,,(f;) is measured and recorded
asurement uncertainty Ah, 5, (fs).

the
frefluency f,,,, at which the measured site atte [ Pb)

) cancellation of the direct wave
@e

, i.e. the wave reflected from the
4.4.6.1 At the fixed reseivin aheights, h(fs) specified in 4.4.3.2 b) and in the
test set-up with thl $ \as tuned\to the associated frequency fg as given in 4.4.3.2(b),

arrlving at the receiving antenna by\ the
reflecting plane.

thg frequency o d from a frequency well below f;, say 100 MHz
lower than fg, up t0 &
mimum in the recei

m

NOTE The val e j he receiver reading is not of interest. This reading is only an indicator to find
fma (hrs)-

4.4.6.2
ungertainty, ARG

is recorded together with its associated measurjng

NOTE Thesmeasured 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
properties\of the actual test antennas as well.

o

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) .
Zng VSWR < 1,10 4/3’.2\\.5\@ \
A, +0,4 dB 4.\8\2.5\b)

b +2° §4. c\
XEAN

%

d £0,04 m N\ a2l
hy 0,01 m Neden
h, +0,01 m / ~ 4.4.2§
f 0,001/ \ \ > / 4 4.485.4

NOTE The need to take ipfo accou e telerance @e i e radius of a
wire element and the uncgertainties associated\with the/alignment of the
wire antennas, is under cohsideration,

ncertainty S%th&ned site attenuation SA,, as defined

4.5.2.2 The measuremen
in

¥ + {ASA(dB) ¥ (3)
where ASA, i i : 29, or by AA|(f) in 4.4.4.7, whichever subclause| is
applicable. ASA; sensitivity of the site attenuation to the paramgter
tolx praxi s\given in table 2). The 95 % confidence level values of APA,
an i
NOTE ASA{19 may\be salculated using the model given in annex C.

4.9.2.3 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 casag, it
is ||10t needed to perform ASA, calculations nor to report the results of the calculations in fhe
CAl

TS validation-renort
—o—VaHESHORFepoFt

=

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
h as defined in 4.4.5, is given by

r,max

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.
NOFE—ATatiomate for At (85 %)=0025 s giverr i €-173737
4.9.2.6 The measurement uncertainty Af,, at the measured frequency as defined| in
4.4.6, is given by
A fn (MHZ) = V(A Frax (MH2))2 + {A £, (MHz (5)
where
Af .y is defined in 4.4.6.2; and
Afy accounts for the sensitivity of f,,, to the parg ndximum values|as
given in table 2).
NOTE Af; can be calculated using the model given in C.1.

4.5.2.7 c =
0,015 may be used at the three specjfied rec not
neg¢ded to perform Af, calculations nox to TS
valjdation report.

NOTE A rationale for A (9p

4.5.3 Compli@

In this subclause, to be used in the calculations are the actual valdies
redlized in a meagurement. h a
sufficiently s ~ is
within the ma

EXIAMPLE — 3 nd
duting the a easurements that distance equals d, = 10,01 m, the latter value is uged
in {he calculation ever (d — d,) shall always be smaller than 0,04 m (see table 2), while
d, has been"determined with such a small measurement uncertainty that |d - d, |< 0,04 nis
justifiable.

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(f)

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.

Un

allowed tolerance is Tg,(f) = 1,0 dB over the whole frequency range 30 MHz to 1 000 MHz_

As
fre

NO
dro

less stated otherwise in the antenna calibration standard requiring the use of a CALTS, the

a minimum, it shall be demonstrated that the CALTS complies with the SA criterion"at'the
juencies listed in table 1.

[E 1 At the frequencies 30 MHz to 40 MHz, the value of SA,, needs to be correct
bp at the tip of the wire antenna.

a) At 30 MHz a 4,8 m long dipole droops by 16 cm at the tips. SA,, shoulg~be } j dB
and| 0,08 dB when the dipole is at heights of 1 m, 2 m and 4 m respectively, { vith
SA{

b) If the droop at the tip is larger than 20 cm, the increase of SA, see
clayse C.2).

NOTE 2 EXAMPLE

dec

If ASA; (95 %)= 0,2 dB (application of 4.5.2.3) and AS ) = B, then ASA, (95 %) = 0,3|dB.
Corlsequently, 0,7 dB is the maximum accept i €
Thg maximum acceptable difference can be i

a lower value of ASA, (95 %)| by

SAL* Tox S
\)\im +ASA,
SA i

c

SA,, - ASA

< Tsa IEC 848/99

Figure'5 — Relation between the quantities used in the SA compliance criterion

4.
the

.3.2 The CALTS complies with the receiving antenna height criterion for a maximum in
SA if at the frequencies f; given in 4.4.3.2a):

|hrc (M) — A max (m)| <Tqr (M) = Ahy (M) (7)

where

i¢ant

and measured site attenuatjon.
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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;

T \ H bla 1l ol kol £ L
hn Ty 1S UIC drfiuwcu wicihalivc Ul llr’max.

Un|ess stated otherwise in the antenna calibration standard requiring the yse~ef a CALTS, fhe

allpwed 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.

4.9.3.3 The CALTS complies with the frequency criterion for & ms if, at the
regeiving antenna heights hg, with the antennas tuned to the as : ies fg lisfed

in 4.4.3.2 b)

(8)
where
f.(MHz) ximdm in the SA occurs, i.e. fhe

depicted in annex C, using the test
of 4.3.2.7 and using the actual

fmdx(MHZz)

Af }(MHZz) 1 )certainty (95 % confidence level) as derived in
Ts

Unless stated 3 the

allpwed tolerg

NOTE Either™ 2 4.5.3-3Is applicable; see also 4.4.3.2.

4.6 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)

b)

General information

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

If the site validation is carried out hy other p:\rfinc/nrgnni?afir\ne’ then these parfi s/
organizations shall be indicated.

The CALTS configuration shall be described, as well as its ancillary” components usjng
drawings, photographs, part numbers, etc.

In addition, the date(s) of the validation actions and the issue da ort
shall be given. The names of the responsible persons for the eg of
the validation report shall be visible on a cover page, includ

Assessment of the validity period and limiting cond

It is stated that the validity shall be demonstrated of the antennas
(see 4.2.2 a)

Therefore, it is important to indicate the perigd of a Her
consideration. As the CALTS may be ted
validity of the CALTS may diffé as

environmental changes, ageing of ca
of the facility owner to assess and de

In relation to this validity assessm SpEL be
subject to change durjr e_facility: for example for outdoor ranges
the environment, trees)\snow C . In general, the performance stability of
cabling, equipmen - A sts is of importance. Also environmental
conditions, ageing 38 ent ohsabserber and validity of calibration of equipment may

determine the

The test-antennas’(elements and baluns) shall comply with the normative specificatig
given.n#.3.2. and the applicable values given in table 2.

Each{of the normative specification items shall be checked against compliance either

the

pns

by
an

ihspection or measurement. The compliance verification results shall be available in

annex or In a separate document (photographs, measurement results, calibration resu
supplier statements, etc.).

ts,
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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
separate document.

e) Validation measurements
The Tesuitsof thesiteattenuatiom vatidatiom measurerments carried-out i accordance with
the procedure given in 4.4.4 and at the test frequencies and antenna heights given in
table 1 shall be described in this section of the validation report. In addition, the resulty of
either the antenna height scan measurements (4.4.5) or the frequg an- measure-
ments (4.4.6) shall be reported in this item.

f) |Calculation site antenna attenuation and tolerances
This item in the validation report shall indicate whether th ted
using the procedures from annex C or using different n g of
the site attenuation calculations and the results of inty
calculations shall be presented in this item using”default in
case of deviations with the tolerances in table 2

g) |Compliance criteria calculations
In this item of the validation repor of
the SA, and the corresponding allo in
equation (6) to determine compliafice as a\fu of frequency. Similarly, compliance
with either the height criterion (equ 3))
will be determined.

h) [Final statement off comp
Provided the \ and
either the he{i:;b Her
consideration unt
the period of vahd ).

4.7 Valida g CA S\for vertical polarization

Unfer ce

4.7.1 Introdu

4.7.2 Site‘specificafi

4.7.3 _Validation procedure

4.7.4°) Compliance criteria

4.7.5 Validation report
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Annex A
(informative)

CALTS requirements

A1 Introduction

The
sit¢ (OATS). However, normative specifications do not require that a CA

an

etd.,

Te
givj
ref

normative specifications mean that, in general, a CALTS will also be an open area te

S<shall always
OATS. Consequently, a CALTS may be weather protected, located.in a large -salt mi
as long as all normative specifications are met.

bt-site details may be found in clause 5 of CISPR 16-1-4,
en below. Particular care has been taken to supply the
erence list (see clause A.4).

st-
be
he,

uld
10,

act

ts.

A.2 The reflecting plane

A.2.1 Reflecting plane construction

The plane material can be a solid sheet ar “a

prgferably be continuously welded at the

where A, is the wavelength associated w,

mesh is chosen, care mugs

with each other. The meshwia

The thickness of the -

A gonductivity e iron is sufficiently high. The shape of the plang is
no{ very critical as“1o ot elliptical (see A.2.2). The reflecting plane shoIJId
nof be covered by a'p gignificant thickness, as this layer may alter the phase
of the reflected ¥ in 4.4.1 to differ from = radians [A.4]". For informat

on
A

reqmrements At the Iowest frequency (30 MHz) the Iength L of the test antenna is about 5

m.

30

So, in the case of a 20 m by 15 m plane, the dlstance 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

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.p]) 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 is also demonstrated that the reflecting plgne
should never have the shape of the first Fresnel ellipse, as in that cage the ungerfaintjes
intfoduced by the scattering at the edge may accumulate.

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

If gotentially reflective obstacles are within a distance ¢ the
reflecting plane, it should be verified that the influefice oft a ed.
This verification might be performed by means of swep{-f i ed
lenigth dipoles. Such measurements are comparable 1o t ble
choice of fixed length antenna (tuned fo\the freguency f i ge
and fixed height h, of the receiving antegna\ ) smitting antenna at h; =2 m is

given in table A.1. The broadband appreaeh is 3 as
thg NEC (see clause C.3) [C.5]).

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 abhsence of ahomalies, the response will vary in a smooth way. In the presence| of
anpmalies, relatively narrow-band resonances will be superimposed on this response. Th
onances identify exact frequencies where the reflections from obstacles are worse.

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.
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A.4
[A.1]

[A.2]

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., IEEE‘EMC
Symposium, Denver, pp 352-355, 1992.

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

Ground-Plane Size and Shape experiments for Radiated Emissjon
Measurements, Berquist A.P. and Bennett W.S., EMCH YN um,” Denyer,
U.S.A. pp 211-217, 1992.

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

Calibration of Antennas used for Radiated Eqmnissi 2 emepts in Electromagneétic

%3
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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

me

B.1

An

anfenna consists of the following:

a)

b)

c)

d)

It S

typ
set

Th
La
has
the
ass
fre
len

asurements, as mentioned in 4.5.£.6.

Example of a test antenna

characteristic load impedance (assumed to be 50 Q)
input/ output port of the test antenna;

of the hybrid coug
via high quality connectors, e.g. SMA
approximately 1 m, where this length\i

and coupler reflections;

.Jhexcables have a length
' pe wire antenna from mjast

the

the
the

ler
of

ferrite beads (F) around the semi- e induction of common-mgde
currents on the balun and the conng¢cted antenna

3 dB attenuators at the output end id\eables acting as impedance stabilizjng
or matching pads (M),<to whic¢h the are attached via SMA connectors. These
connectors form the A a and D ports) mentioned in 4.4.4 and annex C. The

n electrical contact near the wire anten
t of the balun when performing S-parame

external conductors

This contact
measureme

hould be noted oried balun is just an example of a useful balun. Ot
es of balun m n fact every type is allowed, provided the requireme
outin 4.3

P Wire ave a length such that after attachment the test antenna meets
f) require ' tin 4.3.2.2 (see C.1.1 for the calculation of L,(f)). In table C.
5 been ass t if f < 180 MHz the diameter of the wire elements is 10 mm, thus giv

relativelyylong~wiré antennas a good mechanical strength. In table C.1 it has also be
umedsthat at frequencies f > 180 MHz an element diameter of 3 mm is sufficient.
quencies f < 60 MHz, the elements might be telescopic, or use might be made of a fi

ha.
ter

her
nts

the
1 it
ng
en
At
ed

gthydipole 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 ; M \
| — Wg La
Semi-rigid Q A
coaxial cable \
RefereriCce pqin
IEC 936/99
F =|ferrite bead
M 3 matching pad
NOTE The balun uses a coaxial hybrid junction.
Figure B.1 -
(@GN
\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

U e elfed wave [ . e Il O . d elred U are
1 -
ing
ent
ith
Finally,
522
angl S33, and S,5 and Ss,.
The S-parameter matrix for the ideal, loss-less balun
D]
In this S-matrix, Sy4 = Sgo = nd
Sy4 = S31 = -1 as th is
losk-less) and tfie phag y 180° (indicated by the minus sign). Finally,
82 = S32=Oast is
B.2.2
Th put
cu:l‘rents a and
co
Z22 Z23) 50
(B2)
([(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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_1-822833 + S23 S32 — S23
(1= 822)(1- S33) — S23 S32

ZpB

— 532 400 = RaB * J XaB (B.3)

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

NO
can

Th

Th

Th
It g

S13  S31

b isolation ofctal batun
omplies with 4.3. S i

.3 Insertion loss measurements

sCalso possible to verify the balun specifications set in 4.3.2.5 b) and 4.3.2.5 ¢)

1+ 7 - 100
12T oy 10, where 1 = £~ "0 (B4
1-| 7| Zag + 100
[E If the hybrid coupler itself does not comply with the requirement formulated i’ & B4),- the VSWR
be lowered by using matched attenuators (M in figure B.1) with very low VSWR.
b balance and phase shift of an actual balun is verified by consid
S12 _ S21 _ - a
12 2521 - | i, (B.5)

ted

by

pe
the

£ + 4l H ¥ 1 4 ol HPAY P £ n_12 DU = Y, | = 4l
TOUTTITy Uic mioTTUuUlT TUSS TITTASUTTITITITIS UTPILITU TTT TTyuilTo D.o Adiiu D.5%. T TUIIT U1 TToU

so-called balun unbalance rejection (BUR) can be determined.

ts,
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Balun 1 Balun 2

1 A d 1 .

2 . 5 ¢

Z, o )
®
U
9
IEC 836/9Y
Figure B.3 — Schematic diagram of the determination of the insertion loss Az(f)

U2
IEC 839/99
Figure B.4 — Schematic diagra ion of the insertion loss A,y(f)

The measurements compxise UM e insertion loss A,(f) of two identical
baluns connected head n4.44.Nand the determination of the insertion loss Aj(f)
forla single balun.whe ed P and 3 (see also figure B.4) are connected in
patallel. Assum@h ’ ‘ S gdal contributions of the two baluns, the bajun
unbalance rejectio, a s the common-mode rejection, expressed in decibels is

given by the followingd

A4(f)
2

BUR(f) = A2(f) - (dB) (B.9)

It gan be sho Nthesbalun complies with the aforementioned clauses and the associated
numerical value s tolerances as given in table 2 when BUR > 28 dB.

In the fikst'insertion loss measurement, firstly the reference voltage U, 4(f) is determined ap a
fu ctlon of frequency over the frequency band specmed for the balun The measurmg circuit is

connection pomts 1 and 3 and 2 and 4. Next, the voltage U1(f) is measured after |nsert|on of
the two baluns connected head-to-head (see figure B.3). Then A,(f) expressed in decibels is
given by the following equation:

Aq(f) = 20Iog10[L(j]r11((ff))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

av

To
the
Th

foll

Fo

NO
the

id standing wave effects
avoid errors caused by parasitic effects, the latter measurement is repeated_after reversjng
connection between the balun and T-junction, i.e. d is connected to RO \d, e {o porf 2.
s measurement yields the voltage U, (f). Then A,(f) expressed in d ets.is given by the
owing equation:
— Ur2
Ao (f) = 20log (B.11)
01 max{u,, (), Uy (
the ideal balun A,(f) = « dB, at all frequencies.

E Instead of this T-junction plus 6 dB at ated § dr divider may be used. In this case,

attenuation caused by the power divider sh 0 accoynt in thg calculation of the BUR.

b Reference documents

1] Standard Linear Agntennas Gerell R.G., IEEE Trans. on Antennpas
and Propagatior

P]  Microwave Impeda Somlo P.l., Hunter J.D., published by Pgter
Peregrin \

.Bl Low Meas es yn the Frequency Range 30 MHz to 1 GHz usjng
Calculable & efina and National Reference Ground Plane, Alexanfler
M.J. and $ . Sci. Meas. Technol., Vol. 143, no. 4, pp 221 — 2P8,
July 198
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CA

Annex C
(informative)

Antenna and site attenuation theory

Analytical relations

This clause gives an analytical approach to the calculation of the total length L (f) of the W
anlenna (C.1.1) and the site attenuation SA; (C.1.2). The model takes intg”ac
pling between the transmitting antenna, the receiving antenna ap@\their images in the

co

re
qunt the mutual

reflecting plane. It also accounts for the actual field distribution alopg siving.antenpa,
i.e] it is not assumed that the field arriving at the receiving antenn&is a p . Nhe only
asgsumption made in this approach is that the current distributi f antenng is
sinusoidal.

A value of SA; calculated from the analytical relations i in 28,0% dB ofthe value of $A
obfained from exact numerical calculations provided the val KL, of\a sufficiently thin w

anfenna is used in the analytical approach. In the|contekt 0f this staridard, sufficiently thin
means that the radius R, of the wire antenna sa

For a

eqliation:

theg frequeney f follows when solving the following equation:

re

ies’the @ow condition [C.1]™

half-wavelength dipole “a o is condition is given by the followjng

with a> 30 (C.1

o”

length L,(f) of the test antenna, i.e. the free-space resonant dipolg at

Xa(f,Rwe) =0 (C?)
where
X,(f,Rye) is the imaginary part of the impedance of that dipole radiating into an unbounded
medium, i.e. in free space;
Rye is the radius of a wire element, assumed to be a constant along its length (non-

telescopic elements) and to be much smaller than L.

* . . .
References in square brackets refer to the reference documents given in clause C.3.
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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
nH 377 Q;
k 4 2n/Lg; and
Ao fhe wavelength in vacuum.
Si(k) and Ci(x) are given by the following equations:
X
Si(x) = j sin(z) o, (C.4h)
T
0
(C.4b)
(C.5a)

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

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

with ay=7,241163 b, =9,068580 c,=7,547478  d, = 12,723684
a,=2,463936  b,=7,157433 c,=1,564072 d,= 15,723606

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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7 | | I |
o | | | |
| | | |
Generator | Cable i Balun | Site i Balun | Cable | Receiver
B D
IEC 840/99
Figure C.1 — Network model for SA calculations
A I1
ZAB
UAB
U,
B D IEC 841/99

Site

le tc@}to evietwork in figure C.1

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
thgf when measuring the reference voltage U, (so that Z; = Z, = U and Z3 = o).

ZcD L
U = U =~ U C D
co = Ucpr = =7 Ut (C.5)

It glso follows that when measuring Ug

ZcpZs <\ (eX9)

Ucp = Ucbs = N7
(ZAB+Z1+Z3)(Z Z3 _23

so [that the calculated site attenuation is given b

3 (C.8)

The next step is to relate

figre C.3, i.e. to Te

The signal transfer b€
po enced by the various couplings between the antennas
and their images\In Yigu this ig’ indicated by the transfer impedances Z,,, (n,m: 1 tq 4,

n #

and Z5 to the actual situation as depicted in
the reflecting plane.

Th i voltades Upg\and Uqp are formally related to the antenna currents /4 through /,
of i

S Zy Y ZyplytZyzlzt Zyyly

] . . . (C.)
Ucp = ZoilitZyply T Zozlz v Zoyly

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)
Ucp = Z311%(Z,*Z3)1,
and comparison with equation (C.10) yields
21+ Z3=241 + plyg, Zy+tZ3=2yp* ply and Z3 = Zqp + pZyy
so [that equation (C.8) can be rewritten as
ZpgtZ1tpZ Zep Y Zop t pZoy)—(Z z
SAC=( AB * Z11* PZ43) (Zep * Zop + P Zp4) ~ (219 AR Z14 (C1D)
(Z12* PZ44) (Zpg * Zcp)

Frgm equation (C.9) it follows that Z,4 and Z,, are the in theire antenna

rag

R

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

= Ry, = R, from the following:

ry part of thgse
.3), the real part

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

The mutual impe ntz
regiprocity them@ is
taklen into account, ng
anfenna. The only a is
sin}jsoidal, i in
equiation (
If 4, 4, m=1,..,4, n=m)the real part is given by the following [C.1];
R = 41 x{ 22 Ci krom ) - Ci (ks3 ) — Ci (ks4 )]
/A
+¢0s (kLa ) x [2Ci (kram ) + Ci (ks1) + Ci (ks2 ) — Ci (ks3) — 2 Ci (ks4 )] + sin (kLa ) (C1h)
TSItk < [STtRsT = STiksz )= 2 STikss J+ 2 Sitksz )l < sin—2{kta 12)
and the imaginary part by the following:
Xom = ;—” x {2[2 Si (krom ) - Si (ks3 ) - Si (ks4)]
T
+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

S'] = \anm +L§ +La
S2 = Vit + L% — La (C.16)

S3 =12y +(Lg /2% +L,12

S4 = +(La/2P —Lal2

Now SA., as needed in 4.5.3.1, can be calculated from equation (C.12hg imn g in
that equation are known: Z,g and Zsp from experimental data (seg her
impedances as calculated from equations (C.3) and (C.13) to (C.16 3 ; 0 an
be[used to calculate SA;(h,) at a given frequency, so as to deférmine as ¥ in

4.9.3.2, and to calculate the measurement uncertainties A R.2

angl 4.5.3.2.

C.1.3 Numerical example

Rep ¢ calculations; Table G.2:
AS 4: f, and Af; calculatiops.
An is_.giWen in annex E.

In i i Qivi na and’that of the transmitting antenna, the
hofi i ; tenhas, and the frequencies have the valfes
specified in 4.4. When \ cértainty calculations, the tolerances giyen
in 4

In the range 30 @S na
Ryt = 5,0 mm, and"th

C.1.3.
Th been calculated from equatlon (C.2). The value of SA.(f) has
be ort

im
pla

ng

C.1.3.2 ASA; calculations (table C.2)

Theeasurementuncertaimnty ASA (4-5-2-2) withr 95—% confidence fevettanm be catcutated
from the following (see [C.6])

9
ASA; = = z ASAZ (i) (C.17)
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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

SA, (i) = Max [Abs{SA_ - SA(p; + AP}l (i = 1,2.....,6) (C.18)

where

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

SA(p; + Ap;) and SA(p; — Ap;) are the calculated site attenuation for the
tolgrance Ap and p minus that tolerance.

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

NOFE When calculating the effect of Af, the antenna length L, remaj
frequency. In the "procedure SA" in the computer program given in anne 0

whgn varying the variable "f' representing the frequency.

Table C.1 — Numerical example,\calcul

iable pplus

3t

to L4 at the nom
" keeps Ly cons

the

D 6

inal
ant

f hy Rue L, sA 5 /hr Rue L, SA,
MHz m mm m(\ MHz m mm m dB
30 4,00 | %o 4,803 (\2m ko 2,00 5,00 0,885 | 26,44
35 4,007, ‘s'\oo \g 12 NC20,95 180 2,00 1,50 0797 | 27,52
40 4, /@Q &§94 29,60 200 2,00 1,50 0,716 | 29,37
45 4,00/§5b@\ 192/ 20770 250 1,50 1,50 0572 | 30,43
50 4,0@ \ 0\ 2870 | /21,12 300 1,50 1,50 0,476 | 32,47
60 (4, E\Qo 2\,%88 22,13 400 1,20 1,50 0,355 | 34,90
70, \,00 [N800 | 043 | 21,76 500 | 230 | 150 0,283 | 37,02
80 W 00 1,785 | 2093 600 2,00 1,50 0,236 | 3835
90 \4\,0Q 00 | 1585 | 2149 700 1,70 1,50 0,201 | 39,59
100 4,00 V500 | 1,425 | 22097 800 1,50 1,50 0,176 | 40,91
120 400 | 500 | 1,185 | 25,16 900 1,30 1,50 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

col

umns 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

dis

ussed in clause C 2 lleing these fnr‘hniqnne itis found that AQAL(I d) < ﬂ,ﬂ? dB and. t

at

AS

Ta
Six
foll

confidence level values of ASA, follow from:

As
foll
val

A (Ap. ) < 0,03 dB.

ple C.2 column 9 gives the root-sum-square (RSS) value ASA; AGi)}] of
values ASA_ in the preceding columns. The 95 % confidence \ Qlumn
ow 10 from multiplying the column 9 data by 2/43 (see equatio Npe 95

6
2 2,.
ASA{(CL = 95%) = — ASAS (i) (CA1
suming ASA (L) = 0,03 dB and ASZ » B \; values given in column

ow. In this example, the maximum va
ue of ASA; = 0,20 dB is mentioned i

the
10

%

11
y a
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Table C.2 — Numerical example, calculation of ASA, (see C.1.3.2)

Frequency SAc Ahr Aht Ad AF 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

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 0115

60 22,13 | 0,002 | 0,044 | 0,051 | 0,005 | 0,027 | 0,049 /Q,{g\‘ 010, [ N0.11

70 21,76 | 0,019 | 0,050 | 0,050 | 0,038 | 0,061 | 0,058 0,\@ O o,\y;

80 20,93 | 0,014 | 0,041 | 0,038 | 0,039 | 0,104 | 0,098 })\16\ \&\18 Y19

20 21,49 | 0,011 | 0,012 | 0,035 | 0,011 | 0,121 /\%o\sé \\OFP& 0184 0,18

100 | 22,97 | 0,007 | 0,021 | 0,036 | 0,027 | 0,106 0,036} B 15 | 0,15

120 2516 | 0,008 | 0,039 | 0,012 | 0,018 | 6,051 [Mq098| 0,12 [T013 | 014

140 27,20 | 0,043 | 0,043 | 0,047 | 0,029 0,§f>§7 I\o,o\f& ot | 0413 | 0,14

160 26,44 | 0,030 | 0,032 | £'046 /ofdgs bt 0,0{7 c%og‘z > 015 | 018 | 0,18

180 2752 | 0,021 | 0,021 \8\039 \o‘gzg 0,08\6\ 0,09’6 013 | 0,16 | 0,16

200 29,37 | 0,015 | 0,015 5»6%9 b\Q1\7\ o\,({57 0057 | 0,09 | 0,10 | 0,11

250 30,43 | 0,035 | 0,019 b,o3(‘\Q02 \o\,oa} 0072 | 013 | 0,15 | 0,15

300 32,47 | 0,090\ 0,008 o\o\16 \0920\ \y,o75 0,076 | 0,11 | 0,13 | 0,13

400 34,90 |N0,04 ()\,554(\ 0,?)03\ 0,01@ 0,084 | 0,002 | 014 | 016 | 017

500 37,02 Lob@é\ 006 N47 0,009 | 0,068 | 0,069 | 0,11 | 0,12 | 0,13

600 ég,s} Qooo 0,0})4\ \}@\s\, 0,012 | 0,075 | 0,075 | 0,11 | 012 | 0,13

700 39,5{\0@&\ 0046 N0,047 | 0,008 | 0,080 | 0,072 | 012 | 0,14 | 0,14

800 4{,9\ 0,00 051 |)0,008 | 0,009 | 0,071 | 0,075 | 0,12 | 0,13 | 0,14

900 184 o,}m\s 018 | 0,025 | 0,009 | 0,075 | 0,068 | 0,11 | 0,12 | 0,13

1000 42,78 b>{)11 ‘062 | 0,004 | 0,010 | 0,079 | 0,075 | 0,13 | 0,15 | 0,15

AN
SM {%3 0,062 | 0,056 | 0,039 | 0,121 | 0,121 | 0,16 | 0,18 | 0,19
maxima
NOTE Fhe We in this table gives the maximum value in each column. Three digits behind the
comma‘in/columns”3 to 8 have no practical meaning, and are only given for the comparison of
calculated results.

C.1.3.3 h.. and Ah, calculations (table C.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

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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