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Consolidated editions

The IEC is now publishing consolidated versions of its publications. For example,
edition numbers 1.0, 1.1 and 1.2 refer, respectively, to the base publication, the base
publication incorporating amendment 1 and the base publication incorporating
amendments 1 and 2.

Further information on IEC publications

The technical content of IEC publications is kept under constant review by the IEC,
thus ensuring that the content reflects current technology. Information relating to this
publication, including its validity, is available in the IEC Catalogue of publi

the subjects under consideration and work in progress undertaken by
committee which has prepared this publication, as well as the list @
issued, is also available from the following:

e |IEC Web Site (www.iec.ch)

e Catalogue of IEC publications
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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 International Electrotechnical Commission (IEC) is a worldwide organization £0 comprising
all national electrotechnical committees (IEC National Committees). The( obje promote
international co-operation on all questions concerning standardization in the el a 3
this end and in addition to other activities, IEC publishes International , i pecifications,
Technical Reports, Publicly Available Specifications (PAS) and Gui oLl d to as “IEC
Publication(s)”). Their preparation is entrusted to technical committeg$s ittee interested
in the subject dealt with may participate in this preparatory wegk. al, goxernmental and non-

governmental organizations liaising with the IEC also participate—i NEC collaborates closely
conditions determined by

agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical
consensus of opinion on the relevant subjec

3) IEC Publications have the form of recommendations

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

4) In order to promote interngti

between any IEC Publicati
the latter.

5) IEC provides ng/marking
equipment declared to {
6) All users should ens 2

7) No liability shall a
members of its te al C¢ EC National Committees for any personal injury, property damage or
other dama ature tsoever, whether direct or indirect, or for costs (including legal fees) and
expenses aKsing 0 3 2ation, use of, or reliance upon, this IEC Publication or any other IEC

Publications.
8) Attentiond 8 ative references cited in this publication. Use of the referenced publications is
indispensabile forthe application of this publication.

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

International Standard CISPR 16-1-5 has been prepared by CISPR subcommittee 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.

@%
S
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INTRODUCTION

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

Old CISPR 16 publications New CISPR 16 publications

CISPR 16-1-1 Measuring apparatus
Radio disturbance % CISPR 16-1-2 Ancillary equipment — Conducted disturbances
CISPR 16-1 ;neda;T;?nugnlty 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 MHzto
CISPR16-1-5 | 1000 MHz {\ Q(\\Z\
/ CISPR 16-2-1 Conducted dm&i r&és\e ents
Methods of i
CISPR 16.0 | measurement of </y CISPR 16-2-2 Measurement\Qf dm\b@cé\pow
disturbances and N> CISPR 16-2-3 Radiateﬁ\digm@sknc&wgasure\qents
immunity
CISPR 16-2-4 uni suremen
CISPR 16-3 (CIS?R)tech{al orts)
CISPR 16- \ngm\e ainfies instandardised EMC tests
Reports and % 4(ﬁ’\ / R \
CISPR 16-3 | recommendations ¢ CI\SQR *{4\\2 eMeaz{urel{n@)t iMmentation uncertainty
of CISPR
tatisWderations in the
R 18<4- deétermination of EMC compliance of mass-
_ \pro ced products
CISPR 16-4 | Uncertainty in E ISPR 16M-4 Wcs of complaints and a model for the
measurementsg»\\(\ %Iculatlon of limits
i AN

More specific inf atie
CISPR 16-1-5 is

REFERENCES).

tations are given in five new parts of CISPR 16-1, while
are covered now in four new parts of CISPR 16- 2 Various

and limit medelling.

CISPR 16-1 consistg” of the following parts, under the general title Specification for radio
disturbance and immunity measuring apparatus and methods — Radio disturbance and
immunity measuring apparatus:

e Part 1-1: Measuring apparatus,
e Part 1-2: Ancillary equipment — Conducted disturbances,
e Part 1-3: Ancillary equipment — Disturbance power,
e Part 1-4: Ancillary equipment — Radiated disturbances,

e Part 1-5: Antenna calibration test sites for 30 MHz to 1 000 MHz.
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TABLE RECAPITULATING CROSS REFERENCES

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

2 2

3 3

5.13 4

Annexes

R

S

T

U

Vv

w

Figures

55, 56, 57, 58, 59
S$.1,8.2,8.3,S4
T1,T.2, T.3
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N
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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

which may be helpful in establishing uncertainty e
antennas.

2 Normative references

The following referenced documents gre indispe

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

CISPR 14-1:2000, EI ~ Requirements for household appliances
electric tools and

CISPR 16-1-1:200: i > radio disturbance and immunity measuring apparatus
and methods — Pa i badnce and immunity measuring apparatus - Measuring
apparatus

CISPR 16<1- cification for radio disturbance and immunity measuring apparatus
and methods adio disturbance and immunity measuring apparatus — Ancillary
equipmen

CISPR 16-4-1:2003\/Specification for radio disturbance and immunity measuring apparatus
and methods — Part 4-1: Uncertainties, statistics and limit modelling - Uncertainties in
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¢
attenuation measurements of a compliance test site, in order to evalyé
the compliance test site

esponding site

3.2
compliance test site (COMTS)
environment which assures valid, repeatable measurepien istdrbance field

strength from equipment under test for comparison to a co

3.3

antenna
that part of a transmitting or receivipg syst i ed, to radiate or to receive
electromagnetic waves in a specified

NOTE 1 In the context of this standard, the balu
NOTE 2 See also the term "wire antenna".
3.4

balun

passive electrical netwark F Qration Jfrom a balanced to an unbalanced trans-
mission line or device or W

3.5

free-space-resonai

wire antenna congisting p colinear conductors of equal length, placed end to end,
separated by ) h'conductor approximately a quarter-wavelength long such
that at the sgecified\fr he input impedance of the wire antenna measured across the
gap is pure re 3 is located in the free space

NOTE 1 ndard, this wire antenna connected to the balun is also called the "test antenna".

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

3.6

site attenuation

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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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 receiving
electromagnetic waves

NOTE A wire antenna does not contain a balun.

requirements and validation procedure for a test site sui
above a conducting, flat metal plane in the frequency rar

erred to herein as CALTS, is
antenna for its free-space antenna

eVCALTS verification (validation) procedure
and performance critefias Jati ocedure given in 4.5 requires the use of a
calculable dipole -antenna” as i in 4.4, thus creating the possibility of comparing
theoretically pre sured CALTS performance. Items to be reported
in a CALTS validati 3 arized in 4.7. Annex A provides guidance for
constructing a CALAS, whichx

with radiated emission limits are referred to herein as a compliance
test site (COMTS)._Vahdation of a COMTS may be obtained by comparing it to the theoretical
site attenuation given in clause 5 of CISPR 16-1-4 (which takes precedence) or by comparing
site attenuation measurements of the REFSITE to corresponding site attenuation
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
examples 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
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

s.a fumber of
¥ a way that

The normative specification for a CALTS is given in 4.2.2, while
informative specifications as a guidance to construct and place
the validation criteria will normally be met.

4.2.2 Normative specification

For the calibration of antennas, the CALTS sha
453, i.e.

e validation criteria given in

NOTE 2 The CALTS validatio S 8 infdrmation on how compliance with the requirements is
maintained, so that the . CALTS is"degme S sly with the requirements during its actual use.
4.3 Test anteﬁ}

are needed which can be accurately modelled. Therefore, the
ree-space resonant dipole connected to a balun with specified

The test antenna consists of a balun and two colinear wire elements (conductors) each having
a diameter D, and length L,,.. These elements are connected to the two feed terminals (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.

be calculated from
ntenna is used,

NOTE 1 If the wire elements have a constant diameter and if Do << Lg, then L (f,D,y¢) <

the equation (C.2) in subclause C.1.1. If the diameter is not a constant, e.g. when a tel
L4(f) can only be calculated numerically, see C.2.2.

scopic

that the
2 account

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

Input/output

IEC 843/99

NOTE - The ce anaAs in the middle of the gap on the centre-line of the two wire elements.

@ 1 — Schematic diagram of the test antenna

- P [T ]

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

whichever is the

4.3.2.3 The feed-terminal gap shall be Wg <15 mm or Wg <0,03 4
smaller,

min>

where
Amin = €0/fmax>
fmaX is the highest test frequency at which the test antenna is used; and

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

specified for that antenna (see table 2), that length is presumed
width of the feed-terminal gap complies with 4.3.2.3.

4.3.2.5 The balanced port of the balun shall have:

unbalanced port is terminated in the impedance
(the antenna feed cable);

b) an amplitude balance with respec
table 2, when both feed terminals e
the balun reference point;

c) a phase balance of 180° A¢b (s

NOTE 1 Connectors at the|ba

NOTE 2 The balanced _port.i
preferred value of t 4@
i < e

4
O
—
m
w
—
>
(V]
3
©
(]
Q
[V
>
o
D

influenced by the surrQundings. The balun reference point and the ground terminal of the output/input port are
connected 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) the plane is perfectly flat and infinitely large;
b) the absolute value of the reflection coefficient of that plane isr =
c) the phase difference of the incoming and reflected horizontally

d) the influence of the ancillary equipment and surroundings

1) the properties a), b) and d) are verified simultapeously 1

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).

Below, a quantit
the validation proced

NOTE The centre of the test ahtenna has been defined in 4.3.1

4.4.2.2 The colinear wire elements are positioned parallel to the reflecting plane (antenna in
horizontal polarization) throughout, and perpendicular to the (vertical) plane mentioned 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
distance of at least 1 m from the wire elements. After that, the cables smay drop onto the
reflecting plane and (preferably) continue to run underneath the reflectinig plane _or on top of

that plane perpendicularly to the wire elements until they reach th plane. To
avoid common mode coupling, ferrite loading of the coaxial cables gox toxthe haluns is
advised.

NOTE 1 The cables should have a low transfer impedance to avoid influg ed/results of the

induced cable sheet currents through that impedance.

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

NOTE It might be necessary to |c|ude a war
RF generator and RF receivey/i

orma|lyNpdicated by the equipment manufacturer) of the
ing pro Wre, toyassure a sufficient long-term stability of these

equipments.

4.4.2.9 The RF receiyens _linearity calibrated over a dynamic range of at least
50 dB. The unceptai i inearity is denoted as AAr (see 4.5.2.2). A reasonable
value for the rec i i i [

NOTE If the linear d i i hrqnv50 dB a substitution method may be followed, using a calibrated

4.4.3 d receiving antenna heights

4431 ce to 4.2.2, the validation measurements described in 4.4.4 shall
be carried o at east atMhe frequencies and the associated fixed heights of the centre of the
receiving antenna ) above the reflecting plane given in table 1.

NOTE 1 Information concerning the CALTS performance at the intermediate frequencies can be obtained by using
swept-frequency measurements as described in A.2.2.

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,f}: {2,656 m, 300 MHz}, {1,30 m, 600 MHz} and {1,70 m, 900 MHz} of the

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)

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 4,00 400 A 120\
40 4,00 120 4,00 500 < 2,3
45 4,00 140 2,00 606\ \| \ 200
50 4,00 160 2,00 7&@\ o \70
60 4,00 180 N800\ \[\ 1.9
70 4,00 200 9}0\‘ 7,30
80 4,00 250

K O\GQ 1,20

4.4.3.3 If narrow-band noise, such a iginatingrom broadcast transmitters, hinders
accurate measurement at a frequency spe
as close as possible to thdt specified fre

4.4.3.2.

4.4.4

considered is the SA between the feed terminals of the transmitting antenna (A and B in
figures 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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