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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CABLED DISTRIBUTION SYSTEMS
FOR TELEVISION AND SOUND SIGNALS -

Part 2: Electromagnetic compatibility for equipment

FOREWORD

2002(E)

1) The IBC (International Electrotechnical Commission) is a worldwide organization for standardi
all nagional electrotechnical committees (IEC National Committees). The object
interngtional co-operation on all questions concerning standardization in the electfical and
this ehd and in addition to other activities, the IEC publishes International 3ta

entrudted to

participate in this preparatory work. International, governmental and no
with fhe IEC also participate in this preparation. The |IEC collabdtates

Organfization

two orjganizations.

2) The fprmal decisions or agreements of the IEC on technlc
interngational consensus of opinion on the relevant subjects
from gll interested National Committees.

of stgndards,

3) The dpcuments produced have the form of recommend Y
o id 0

Comnyittees in that sense.

4) In order to promote international unification,
Standprds transparently to the maximum ,€x
divergence between the IEC Standard and the i ational or regional standard shall
indicafed in the latter.

5) The IEC provides no markidg p i indi al and cannot be rendered responsib
equipment declared to be in \

6) Attentjon is drawn to th 3sSiRil t elem nts of th|s International Standard _may be t
of patent rights. The | .

Internatjonal Sta been prepared by technical area 5: Cable n

for teleyision signalg ignalssand interactive services, of IEC technical commit
Audio, (ideo and ;

The tex{ of thjs s

for Standardization (ISO) in accordance with conditions

nakuse and are published i
technical specifications, teck

their national and regional stand

3 on the following documents:

FDIS Report on voting
100/535/FDIS 100/570/RVD

omprising
promote
fields. To
aration is
with may
s liaising
ernational
ween the

sible, an
sentation

the form

are accepted by thdg National

ernational
rds. Any
pe clearly

e for any

e subject

etworks
ee 100:

Full infdrmation on the voting for the approval of this standard can be found in the réport on

voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that this publication remains valid until 2005. At this date, in
accordance with the committee’s decision, the publication will be

« reconfirmed;

« withdrawn;

* replaced by a revised edition, or

e amended.


https://iecnorm.com/api/?name=a346c38d6aba48a67d5e35587dd2a261

60728-2 © IEC:2002(E) -5-

INTRODUCTION

Standards of the IEC 60728 series deal with cabled distribution systems for television, sound
and interactive multimedia signals including equipment, systems and installations

- for headend-reception, processing and distribution of sound and television signals and
their associated data signals and

« for processing, interfacing and transmitting all kinds of interactive signals

using all applicable transmission media.

They cover all kinds of systems such as

e« CATV-systems,
¢ MATV- and SMATV-systems,
¢ indiyidual receiving systems

and all kinds of equipment installed in such systems.

The ex{ent of these standards is from the anten
headend or other interface points to the system up
where njo system outlet exists.

source inputg to the
or the terminpl input,

The stgndardisation of any user tern recgivers, decoders, multimedia

terminals, etc.) is excluded.

®
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CABLED DISTRIBUTION SYSTEMS
FOR TELEVISION AND SOUND SIGNALS -

Part 2: Electromagnetic compatibility for equipment

1 Scope

This standard

nces of
evision,
‘> 60728

S 0 30 MHz
5 MHz to 25 GHz
150 kHz to 25 GHz

Coaxial andard.
Referen
Standardi als (for
examplg he IEC
CISPR
Require own in

60966-2-5 and IEC 60966-2-6.

IEC 609166-2-4, IEC

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60050(161):1990, International Electrotechnical Vocabulary (IEV) — Chapter 161: Electro-
magnetic compatibility

Amendment 1 (1997)

Amendment 2 (1998)

1 For the frequency range 3 GHz to 25 GHz for "Screening effectiveness of passive equipment" no requirements
apply at present. Methods of measurement and limits are under investigation for inclusion in a future
amendment or revised edition.
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IEC 60728-3:2000, Cabled distribution systems for television and sound signals — Part 3: Active
coaxial wideband distribution equipment

IEC 60728-4:2000, Cabled distribution systems for television and sound signals — Part 4:

Passive

coaxial wideband distribution equipment

IEC 60728-5:2001, Cabled distribution systems for television and sound signals — Part 5:
Headend equipment

IEC 60728-6:2001, Cabled distribution systems for television and sound signals — Part 6:
Optical equipment

IEC 60
specific
3000 M

IEC 609
fication
IEC 601

IEC 609
fication
IEC 601

IEC 61
harmon
Amendn

IEC 61(
ment te
Amendr
Amendrn

IEC 61
measur

IEC 610
techniql

Amendn
Amendrn

htion for cable assemblies for radio and TV receivers
Hz, IEC 60169-2 connectors)

66-2-5:1998, Radio frequency and coaxial cable assef
for cable assemblies for radio and TV receivers —
69-2 connectors

nent 1 (2001)

00-4-2:1995,
Chniques — Eleq

nent 1 (1998)
nent 2 (

hent2,(2004

- Detail

ge 0 to

il speci-
D0 MHz,

il speci-
D0 MHz,

mits for

easure-

hg and
fest

LiIrement
htion

IEC 61000-4-6:1996, Electromagnelic compatibility (EMC] — Part 4-6. Testing and measure-
ment techniques — Immunity to conducted disturbances, induced by radio-frequency fields
Amendment 1 (2000)

IEC 61000-6-1:1997, Electromagnetic compatibility (EMC) — Part 6: Generic standards —

Section 1: Immunity for residential, commercial and light-industrial environments

IEC 61079-1:1992, Methods of measurement on receivers for satellite broadcast
transmissions in the 12 GHz band — Part 1: Radio-frequency measurements on outdoor units

CISPR 13:2001, Sound and television broadcast receivers and associated equipment — Radio
disturbance characteristics — Limits and methods of measurement
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CISPR 16-1:1999, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 1: Radio disturbance and immunity measuring apparatus

CISPR 20:2002, Sound and television broadcast receivers and associated equipment —
Immunity characteristics — Limits and methods of measurement

3 Terms, definitions, symbols and abbreviations

3.1 Terms and definitions

For the purposes of this standard, the definitions given in IEC 60050-161 as well as the
following, apply.

3.11

radiatign (electromagnetic)

1) phephomenon by which energy in the form of electromag
soufce into space

from a

2) enelgy transferred through space in the form of electro
[IEV 161-01-10]

NOTE B)y extension, the term “electromagnetic radiation” s

3.1.2
immun:lEy (to a disturbance)

ability of a device, equipment or systemr 10 ce of an

electromagnetic disturbance
[IEV 161-01-20]

3.1.3
internal immunit
ability df a deviq
electromagnetic dis

[IEV 16

o/perform without degradation in the preqence of
at its normal input terminals or antenna

3.1.4

extern

ability g ence of
electro nna

[IEV 16

3.1.5
mains immunity
immunity to mains-borne disturbance

[IEV 161-03-03]

3.1.6

immunity level

maximum level of a given electromagnetic disturbance incident on a particular device, equip-
ment or system for which it remains capable of operating at a required level of performance

[IEV 161-03-14, modified]
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3.1.7

immunity limit

specified minimum immunity level
[IEV 161-03-15]

3.1.8

immunity margin

difference between the immunity limit of a device, equipment or system and the electro-
magnetic compatibility level

[IEV 161-03-16]

3.1.9
electromagnetic disturbance
any elgectromagnetic phenomenon which may degrade the pgrfor
equipment or system, or adversely affect living or inert matter

[IEV 16]-01-05]

NOTE Ah electromagnetic disturbance may be an electromagnetic naiSe,
propagatipn medium itself.

an aN.device,

nfed sighal or a chapge in the

3.1.10
screening effectiveness

ability of an equipment or system to até
side the equipment or system or to
inside the equipment or system

om out-
ds from

3.1.11
well-mdtched

matchinlg condition when
IEC 60728-3, Table 1
well-sc

reened :
test set eened” if its radiation level, when terminated with a
matched load, i > Q. dB the expected radiation level of the equipment under
test, the quipment being supplied with the same input signal level

N

the eqhipment complies with the requirements of

3.1.12

3.1.13

EMI
degradgti e performance of an equipment, transmission channel or system caused by
an electlromagnetic disturbance

3.1.14
operating frequency range
passband for the wanted signals for which the equipment has been designed

3.1.15

wanted signal

during measurements, the wanted signal shall be simulated using a sinewave test signal
having the frequency within the operating frequency range and the appropriate level

3.1.16

unwanted signal

signals inside and outside of the operating frequency range that are not considered as wanted
signals

NOTE When measuring immunity (to unwanted signals), the unwanted signal shall be simulated using two sine-
wave test signals.
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3.1.17

first satellite intermediate frequency range

output frequency range of the outdoor unit which is comprised of the frequency band between
950 MHz and at least 3 GHz or parts thereof

3.1.18

carrier-to-interference ratio

minimum level difference measured at the output of an active equipment between the wanted
signal and

— intermodulation products of the wanted signal and/or unwanted signals generated due to
non-linearities;

— harmohnics—genetrated-byv-an-unwanted-signalk
FoHHGcS—gehRerate ey ahthiwahteasighah;

— unwgnted signals that have penetrated into the operating frequency ge;

— unwgnted signals that have been converted to the frequen nge\to\be ‘pfotected
(opgrating frequency range).

3.1.19
individdial receiving system
system Hesigned to provide television and sound signals

3.1.20
spurioys signals
all unwgnted signals in the frequency

3.1.21
band
nominal

3.1.22
electrostatic discharg
transfer| of electyi
through|direct co

[IEV 16

imity or

3.1.23

en two
interest

pertaini
consect

[IEV 16

3.1.24
burst
sequence of a limited number of distinct pulses or an oscillation of limited duration

[IEV 161-02-07]

3.1.25
test levels
the preferential range of test level for ESD or fast transient test

3.1.26
port
particular interface of the specific equipment with the external electromagnetic environment
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Enclosure port

AC power port O I O (I Signal port
EQUIPMENT
DC power port 0O [ O (M Control port

IEC 2450/02

3.1.27
enclosure port
physical boundary of the equipment through which electromagnetic fields may be transmitted

3.1.28
signal port
point at|which a cable for the wanted signal is connected to the eq

3.1.29
control|port
point at|which a cable for the control signal is connected tothe egqui

3.1.30
a.c. power port
point at|which a cable for the a.c. powg

3.1.31
d.c. power port
point at|which a cable for the d.c. pow

3.1.32
in-band immunity
immunitly against dis ferfaces
and us% intern@' cies, IF,
video band, etc.)

3.1.33
out-of-hand i
immunity agai d signal

bxample

RF signalport
antennainput port or RF network port

3.1.35
antenna input port
input terminal of the equipment (for example channel converter, DBS tuner,...) under test

3.1.36

RF network port

point at which a coaxial cable for the wanted RF signals is connected to the equipment but
excluding direct connection to the antenna
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3.2 Symbols

The following graphical symbols are used in the figures of this standard. These symbols are
either listed in IEC 60617 or based on symbols defined in IEC 60617.

G Sine-wave generator // Variable attenuator
~ (10-13-02) A (10-16-02)

~ Low-pass filter >3 Signal combiner
~ (10-16.05) (02-01.01)

Equipment under test
EUT (02-01-01)

Spectrum analyser
(02-01-01, 08-01-01)

3.3 Abbreviations

The follpwing abbreviations are used i

AC or a.c

AM

BSS

CATV

COFDM Q

Ccw

DBS

DC ord.c

DSR

EMC

emf ofromotive force

EMI sctromagnetic interference
EUT Equipment Under Test

FM Frequency Modulation

FSS Fixed-SatettiteServices

IF Intermediate Frequency

MATV Master Antenna Television (system)
QAM Quadrature Amplitude Modulation
QPSK Quadrature Phase Shift Keying
RF Radio Frequency

SAT Satellite

S-channel Special channel

SMATV Satellite Master Antenna Television (system)
TV Television

VHF Very High Frequency

VSB Vestigial Side Band
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4 Methods of measurements

Measurements shall be, unless otherwise specified, carried out with the rated performance of
the equipment under test and at a standard room temperature. If required, additional
measurements shall be carried out at the highest and lowest rated ambient temperatures.

The equipment shall be tested including all those sub-assemblies with which it would normally
be used.

4.1 Disturbance voltages from equipment

411 Disturbance voltages from equipment in the 9 kHz to 30 MHz frequency range

The method described is applicable to the measurement of disturbanc N equip-
ment injthe 9 kHz to 30 MHz frequency range on the mains line.
The megasured voltage includes narrow-band interference and broadhk i guch as
that proguced by semiconductor rectifiers.
4111 General measurement requirements
Disturbgnce voltage measurements should be carrie g to the
method|described in CISPR 13, with the exceptio inusoidal
carrier. e { into the
mains b 3 shof a specified artificial mains
network 3 3 Frements
and an
4.1.1.2
« Equ
« Equlpment laygut g
e Operating c
The| equipment cturer’s
recoj i ages.
All H ce. The
Supf
¢ Mea
* Preq
The [s given
in TTble 1

4.1.2 Disturbance voltages from equipment at the a.c. mains
frequency and its harmonics

If the input current rating is within the scope of IEC 61000-3-2, the limits and test methods of
this standard shall apply.

4.1.3 Measurement of input terminal disturbance voltage
4.1.31 Method of measurement
The measurement shall be performed according to the method described in CISPR 13 where

“antenna terminal” should be intended as “input terminal” of the equipment (for example
channel converter, DBS tuner, etc.) under test.
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The disturbance voltage level of the equipment under test at the local oscillator frequency and
its harmonics shall be expressed in terms of input terminal disturbance voltage in dB(uV)

and shall comply with the relevant limits given in Table 2.

4.2 Radiation from active equipment

The methods described are applicable to the measurement of radiation from active equipment
at the signal frequencies, at the local oscillator frequencies and their harmonics and at other

relevant frequencies.

| h 5 AALL 4 20N £ il i IH el dlo ool
n t e WVITTZ TU OU VITTZ TTTUUCTTIVY Tallyc Uic  CUUPITITTY Uttt TITtlTuu 1o Uo T

In the 30 MHz to 950 MHz frequency range the “absorbing clamp
used.

In the 950 MHz to 25 GHz frequency range the “substitution” ms

4.21 General measurement requirements

The mejasurement cables, coupling devices and t
well-screened. If these conditions cannot be ac
for the|results. Test equipment sha
approprjate matching pads.

An indo
chosen,
removed from the measurj

Measuré¢ments shall be

e all RF-ports;
¢ the mains leadYi
« alls b

Measur
a) SindlgT
e at
o at

b) Widgband equipment

R 13 is

be well-matched and

pria e corrections shall he made

Q or be provided with

must be
ficiently

« at the highest and lowest vision carrier frequencies in each used band and at a
selection of intervening frequencies chosen to give a realistic representation of the

radiation pattern throughout the operating frequency range.
< at any other frequency where disturbance can occur.
c) Frequency converters

Output ports and mains lead (if any):
« at the input and output vision and sound carrier frequencies;

« at all local oscillator fundamental frequencies;

e at any local oscillator harmonic, and any other frequencies where disturbance can

occur.
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Input ports:
« at all local oscillator fundamental frequencies;

» at selected local oscillator harmonics, or other frequencies (as above).

4.2.2 Methods of measurements
4.2.2.1 Measurement of radiation in the 5 MHz to 30 MHz frequency range

For the measurement of radiation in the 5 MHz to 30 MHz frequency range the coupling unit
method suitable for coaxial cables with a characteristic impedance of 75 Q shall be used to
measure the conducted emissions from the equipment under test.

NOTE The use of the absorbing clamp method in this frequency range is also possible. i ps similar
propertieg as the 150 Q coupling units and can be used whenever the coupling units br applied
(either dup to the number of conductors in one cable or due to the size of the installat ons). The
measurement set-up and the calibration factors are shown in the manual of the inje

4.2.21.1 Equipment required

The follpwing equipment is required:
¢ One
- ARF
e Con

* App
¢«  Wel

aquency range of intgrest.

NOTE 1 i S C b&”well screened to avoid inaccurate measuring
results. H i i ing i € sighed for a screening effectiveness grgater than
100 dB.

NOTE 2 | at the \eve of backgreund interfering signals (ingress) is at least 10|/dB below
the relevg 3 i

4.2.21.

The lay g placed
10 cm nserted

\ vhich is
connecte i the equipment under test. The RF measuring receiver $hall be
g output of each coupling unit successively. The cables comnecting

The cables to the input and output of the equment should be no Ionger than 30 |cm and
reen the

leads or cables and the ground plane shall be not Iess than 3 cm.

The mains lead (if any) is not connected to a coupling unit but shall be provided with
absorbing devices to avoid the influence of disturbance voltages on the mains lead.

4.2.2.1.3 Operating conditions

The equipment under test shall operate in accordance with the manufacturers recommend-
ations and under conditions which maximise the radiation. The maximum rated output level
shall be used for the test and stated on the equipment or accompanying data sheet by the
manufacturer.
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4.2.21.4 Measurement procedure

The generator for the wanted signal is adjusted to the required test frequency and its level is
set to the maximum specified operating level at the output of the equipment.

The measuring receiver is successively connected to all coupling units. All unused ports shall
be terminated.

For each measuring frequency, the maximum reading is noted.

4.2.2.1.5 Presentation of the results

The reagdings on the measuring set have to be corrected according to the €ouphng atteénuation
of the uged coupling units.

For coupling units with R = 75 Q, the coupling attenuation is 3 dB.

In this cfase, a measuring receiver of 75 Q impedance has to~be used.

NOTE Ajternatively coupling units with R = 100 Q can be used i ceivers with 50 Q input
impedance. In this case, the coupling attenuation is about 5 dB (44

The radiation level of the equipment under t d in terms of power
in dB(p\V) and shall comply with the limits give

4.2.2.2 Measurement of radiation i 1z frequency range
using the “absorbing cla

4.2.2.2.1 Equipment required

The egdipment requiregd

¢ A signal geneyato power.

* Ang bsorbing<>

¢ A mpasuring sgt® .

e« Am s0,6m
and

e Screg

e Alln

A mpainsAHilte bguency

rande ofinterest

e Absorbimg devices suchas ferrite Timgs—sufficienttosuppress sigmats fromtheequipment
under test on its input and mains leads.

« A suitable coaxial changeover switch.

4.2.2.2.2 Equipment layout and connections

The measurement set-up and equipment layout for the “absorbing clamp” method (30 MHz to
950 MHz) is shown in Figures 2, 3 and 4.

The equipment under test shall be placed at a height of approximately 1 m above the ground
on a non-metallic support on which the absorbing clamp can be accommodated and moved.

If no input signal is required (for example for measurements of local oscillator radiated
power), the input shall be terminated by means of a well screened load. For measurements of
local oscillator power at the input of the outdoor unit, see 4.2.2.4
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The output of the equipment under test shall be connected to a measurement cable of the
same characteristic impedance and the cable shall be terminated with the nominal impedance
of the output via the coaxial switch.

Well-screened cables shall be connected to the terminals of the equipment under test as
specified by the manufacturer. When a direct connection cannot be made due to the
dimension of the well-screened cable, an adaptor shall be used.

The unused outputs, if any, of the equipment under test shall be terminated with their nominal
impedance by means of non-radiating loads directly connected without any cabling.

The mains lead. if any. shall be placed vertically and be connected to the mains outlet through
a suitaljle mains filter. Any excess length of the mains lead shall be cojled up neatly at the
filter end.

The mdgins lead and the signal generator coaxial cable shall i ith J3uitable
absorbing devices (for example ferrite rings), placed close to 2. €Y test, to
avoid measurement errors.

4.2.2.2.3 Operating conditions

The equipment under test shall be operated acturer's

recommlendations.

The equi on. The
maximum rated output level shall be used e ipment or
accomppnying data sheet by the manu

The supply voltage shall be

Adjustable controli ac( i S ' imi diation.
The sighal generatér 2 Ginst e adjusted so that the maximum rated outppt level,

within the operating nt under test, is used.

For senki ¢ i the dispositions of the signal generator cable precefling the
absorbi i ¢ i d, the measurement cable beyond the absorbing clgmp and
their pr¢ i itams Shall not influence the readings on the measuring set by more
than £ 1 I§ ca ecked by moving the cables and by running the hand algng their
length after S equipment in accordance with Figures 2 and either 3 or 4.

NOTE 1 |AtAfrequencieselow about 100 MHz, it may be necessary to add a second absorbing clamp |at the far
end of thg measurement cable as shown in Figure 2. This is to compensate for the reduced absorption of the clamp
at these frequencies.

NOTE 2 The absorbing clamp can be calibrated in accordance with the relevant Clauses of CISPR 16-1.

4.2.2.2.4 Measurement procedure

With the equipment set-up as shown in Figures 2 and 3, and the measurement cable coupled
to an output port of the equipment under test, the absorbing clamp is positioned at the
equipment end of the measurement cable and the coaxial switch placed in the “check level”
position. Adjust the signal generator to the test frequency and to an input level that will give
the maximum rated output level from the equipment under test.

Tune the measuring set. Turn the coaxial switch to the “measure radiation” mode. Move the
absorbing clamp along the cable away from the equipment until a maximum reading is
obtained on the measuring set (at a spacing of about A/2).
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This procedure is repeated for each of the test frequencies and for each of the measurement
ports.

For radiation measurements on a frequency converter output port, note that the input signal
generator shall be set in turn to the input frequencies used and the measuring set tuned to
each of the particular output frequencies.

For radiation measurements on the mains lead of active equipment, the equipment shall be
connected as shown in Figure 3, except that the mains lead without absorbing devices,
extended if necessary, shall pass through the absorbing clamp in place of the measurement
cable. Measurements shall be carried out as described above except that the “check-level”
position of the coaxial switch is inoperative with this arrangement. Set the signal generator
output Ievel to that used when measuring the oufput port.

4.2.2.2.5 Presentation of results

The rea fdn curve

of the a

The rad S i ms of substituted

4.2.2.3 equency range

4.2.2.3.
The eqd

e Asi
suff

* Suitpble receiying
« Suitpble cali
¢ A spectrum analy

+ High
e Screg

t and of

L)
—

erest.

« A il able to\remove extraneous noise from the mains supply in the frgquency
rang i

« Alo iSEX plifier (if needed).

4.2.2.3.2  Equipmenilayout and connections

The equipment under test shall be placed on a support of non-metallic material, the height of
which shall be 1 m above the ground, as shown in Figure 5a.

Equipment which needs an input signal and/or pilot frequencies shall be connected to a
suitable signal and/or pilot frequency generator through a well-screened coaxial cable.

If no input signal is required (for example for measurements of local oscillator radiated
power), the input shall be terminated by means of a well screened load. For measurements of
local oscillator power at the input of the outdoor unit, see 4.2.2.4.

The unused outputs, if any, of the equipment under test shall be terminated with their nominal
impedance by means of well-screened loads.
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The mains lead, if any, shall be placed vertically and connected to the mains outlet through
a suitable mains filter. Any excess length of the mains lead shall be coiled up neatly at the
filter end.

The mains lead and the signal generator coaxial cable shall be provided with suitable
absorbing devices (for example ferrite rings), placed close to the equipment under test, to
avoid measurement errors.

4.2.2.3.3 Operating conditions

The equipment under test shall operate in accordance with the manufacturers recom-
mendations and under conditions which maximise the radiation. The maximum rated output
TP 0 ompanymng_data 3heet by

S

the ma

The me | hable of
making peparate measurements of the vertical and horizontal potarisation ed field.
The height above the ground of the centre line of the antenna s . 5 the height
of the approximate radiation centre of the equipment underAe

In ordel to avoid the influence of the ground reflectjd nded to
use a spitable horn antenna. In that case, no meta i ulfil the
“Fraunhjofer conditions” the measuring distance

where:
b is thE widest dimensio
A is th

The megasuring set use
radiatiop level i

4.2.2.3.

wavelength cprre \ ncy.

rahge usually consists of a spectrum analysér. If the
ier'may be needed.

The val be determined as follows. A transmitting antenna [shall be

mounte ‘ it is intended that the approximate radiation centre [(usually
the volume-centre] pment under test is to be placed. The receiving antenpha shall
be pladed at \Se osition as that chosen for the actual measurements. jhe two
antenngs sk éd so that they have the same polarisation which dhall be

perpendicularsto~an imaginary line between them. Tests shall be made in the horizoptal and

The test site shall be considered suitable for the purpose of measurement at a test frequency
if the indication on the measuring set changes by no more than 1,5 dB when the centre of the
transmitting antenna is moved from 0 cm to 20 cm in any direction from its initial position.

NOTE The gain of the applied transmitting antenna in dB above the half-wave dipole shall be taken into account.

4.2.2.3.5 Measurement procedure

Measurements shall be made by the substitution method with the antenna having both
horizontal and vertical polarisations and the turntable with the equipment under test shall be
rotated. The equipment shall be rotated in all planes. The highest level of radiation measured
shall be noted at each measuring frequency.
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Then the equipment under test is replaced by a calibrated transmitting antenna supplied by a
standard generator. Its centre shall be placed in the same initial position of the equipment
centre according to Figure 5b.

For each measuring frequency, the output level of the generator is adjusted in order to give
the same reference indication on the spectrum analyser as achieved with the EUT. The level
of the available power of the generator, increased by the radiating antenna gain above the
half-wave dipole, is taken as the level of the radiated power of the equipment under test at the
considered frequency.

NOTE The equivalent radiated power is given by the following equation:
P=Py-A+G,

where

P is thie equivalent radiated power in dB(pW);

Pg is thie available power of the generator in dB(pW);
A, s the loss of any cables and adaptors between generator and antenna i
Ga

is thle gain of the transmitting antenna in dB referred to the half-wav

the level pf back-
e reading may be

switched ©

It shall be ascertained that, when the equipment under 9
otherwise\th

ground |noise is at least 10 dB below the relevap
significgntly affected.

4.2.2.3.6

The rad < essed in terms of substituted

4.2.2.4 Measurementof haca sille er at the outdoor unit input

4.2.2.4.1 Method ¢

The power at thdo inclusive’of for example polariser, orthomode tragpsducer,
bandpags filter, RF guide .) shall be measured according to the measprement
method|described j . nthe exception that the equipment does not need apy input
signals i

If a suit i e at it of the outdoor unit (for example R120, C120) is ayailable,
the locql Gsci be measured by a power meter combined with a corresponding

adapter

4.2.2.4.2 Presentation of the results

The powerlevel of the equipment under test shall he expressed in terms of substitute power
in dB(pW) and shall comply with the relevant limits given in Table 4.

4.3 Immunity of active equipment

a) Introduction

Any RF signal entering the equipment may produce interference. Unwanted signals can
appear at the output of the equipment when disturbance frequencies entering because of
poor immunity

e generate intermodulation products with the wanted signal and other signals being
distributed or transfer their modulation through crossmodulation to the wanted signal;

e beat with oscillator signals or their harmonics or with other signals being distributed;

« fall in the nominal frequency ranges of the equipment.

NOTE Some interference can be avoided by a judicious choice of distributed channels.
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b) Performance criterion

For the scope of this standard, the immunity level will correspond to the level of the
incident electromagnetic disturbance, which produces a just perceptible interference at
the output of the equipment under test, when a specified operating level is present at the
input or output of the equipment under test.

It is assumed that the just perceptible interference corresponds to an in-channel RF
wanted-to-unwanted signal ratio of:

60 dB for AM-VSB-TV and FM radio
35 dB for FM-TV
under consideration for DSR, QPSK, QAM, COFDM

whelan measured at the output of the equipment under test.

NOTE Fpr compliance testing it is not necessary to measure the actual level of the\ iamuniy, but.o to ensure
that the immunity requirements of Clause 5 are complied with.

4.31 Measurement of the external immunity to ambient
4.3.1.1

The ouf
a broad

y or via

For the ade with

the inje

For the ' n a test
site using the radiated fig ib i -4- y, using
suitablelantennas).

For the B GHz to i G

NOTE Methods of m upe d edition.
4.3.1.1.

For sing JUIK npeasurements shall be carried out using a disturbancqg field at
frequengj i he Romiwal frequency ranges of the equipment under test (Figures 13
and 14) s, the disturbance field shall be at frequencies outside both the input

and out

For bro field at
frequenti 3 ! .
and 14). The wanted channels to be tested shaII be taken at Ieast at the foIIowmg centre

frequencies that fall within the nominal frequency ranges of the equipment under test.

Equipment with nominal frequency ranges <950 MHz for AM applications:

Test channels with bandwidth 8 MHz
at centre frequencies: 48, 120, 176, 300, 480, 680, 850 MHz
Equipment with nominal frequency ranges >950 MHz for FM applications:

Test channels with bandwidth 27 MHz
at centre frequencies: 970, 1220, 1470, 1720, 1970, 2220, 2470, 2720, 2970 MHz


https://iecnorm.com/api/?name=a346c38d6aba48a67d5e35587dd2a261

- 22 - 60728-2 © IEC:2002(E)

4.3.1.1.2 Test conditions

In all cases, the measurement of the out-of-band immunity of equipment involves an
evaluation of the effects of the disturbance field on the normal output signal.

The equipment under test shall be operated at its nominal power supply voltage and under
typical conditions, whether manual or automatic.

All unused inputs and outputs shall be correctly terminated using screened termination loads.
Any manual controls shall be adjusted to give maximum gain and the correct amplitude/
frequency response.

The wanted signal generator shall be set to the wanted channel frequency/f,.

The output level of the wanted signal generator is adjusted to giyé ' aximum
level at the output of the equipment under test.

The disfurbing field is simulated by two discrete carriers s), tfhe field
strength levels of which are 6 dB down from the referencedlevekin Table 5 and spaced 1 MHz
away frpm each other. The reference frequency for ounwanted sighals shal| be the
arithmetical mean value of their individual frequencie

4.3.1.1.8

For the | of the
incident duces a
just per 5t, when
the majimum output level, i ish ) t at the
output.

4.3.1.1.4 Measure

The wapted sign adjusted to give the test conditions above, the signal
level at|the output™o§Ar 9 § test being measured using the measuring feceiver

or specfrum analyse

The me 8i ctrum analyser shall then be tuned to the two amplitudle inter-
ference nd f, + 1 MHz) within the wanted channel and the outplit levels
of the Signal generators are adjusted simultaneously to obtain, at the output of
the equ } est,san RF carrier-to-interference signal ratio which complies with the

perform

The equipment under test shall be rotated in all planes and the minimum output level of the
unwanted signal generator shall be noted at each measuring frequency.

Harmonics of the disturbing signals shall not be taken into account.

In the case of equipment provided with automatic level control, care shall be taken to keep the
wanted signal level and pilot levels constant.

4.3.1.1.5 Presentation of the results

The results are expressed in terms of the lowest field strength in dB(pV/m) for the
performance criterion given in 4.3, and shall comply with the relevant limit given in Table 5.
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4.3.1.2 In-band immunity (unmodulated interfering signal)

For the 150 kHz to 80 MHz disturbance frequency range measurements shall be made with
the injection method described in IEC 61000-4-6, but with the disturbing frequencies in
accordance with in-band definition.

For the 80 MHz to 3 GHz disturbance frequency range measurements shall be made on a test
site using the radiated field method described in IEC 61000-4-3 (extended to 3 GHz, using
suitable antennas).

For the 3 GHz to 25 GHz frequency range no requirements apply at present.

NOTE or revised

edition.

4.3.1.2.
The test equipment required for the measurement of the in-k i i ment is
listed bglow:

e A § ing the
resgective wanted signal, as well as pilot-signal g

« A power RF generator covering the freque it output
power to feed the transmitting antepra and

e A mpasuring receiver or spectrum

« Suithble combiners, test cables and i ds all of which shall be well-matched
and|well-screened.

NOTE Tpst equipment for co ided with

appropriafe matching pads.

4.3.1.2.2 Test freo

Measurg¢ments s vhich is

placed 2 MHz + O, uencies

shall be i epresentation of the in-band immunity over the jnominal

frequen frequency and the disturbance frequencies ghall be

selecteq z 8 ed channel in the case of channel-selective equipment.

In the c§ X aquipment, the following centre frequencies that fall within the band

of the € 3 st shall be used. The unwanted signal shall be 2 MHz + D,5 MHz

from thg wantedksignal,

Equipment with nominal frequency ranges <950 MHz for AM applications:

Wanted signal frequencies: 27, 48, 144, 176, 300, 470, 680, 860 MHz
Equipment with nominal frequency ranges >950 MHz for FM applications:

Wanted signal frequencies: 970, 1220, 1470, 1720, 1970, 2220, 2470, 2720, 2970 MHz

4.3.1.2.3 Test conditions

In all cases, the measurement of the in-band immunity of equipment involves an evaluation of
the effects of the disturbance field on the normal output signal.

The equipment under test shall be operated at its nominal power supply voltage and under
typical conditions, whether manual or automatic.
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All unused inputs and outputs shall be correctly terminated using screened terminating loads.
Any manual controls shall be adjusted to give maximum gain and the correct amplitude/
frequency response.

A wanted signal with a level of 70 dB(uV) shall be applied to the input.

4.3.1.2.4 In-band immunity

For the scope of this standard, the in-band immunity will correspond to the level of the
incident electromagnetic disturbance within the nominal frequency ranges, which produces a
just perceptible interference (see performance criterion given in 4.3) under the above-
mentioned testing conditions at the output of the equipment under test.

4.3.1.2. Measurement procedure

The waIted signal generator shall be adjusted to give the test condjtio ifi pve, the
signal Ig¢vels at the output of the equipment under test being me i asuring
receivel| or the spectrum analyser. The frequency of the unwafted $ig b varied
over the nominal frequency ranges and its level is adjust i itput of
the equipment under test, an RF carrier-to-interference si ti i ies with the

performpnce criterion given in 4.3.

The medasurements shall be carried out at the ecies list
interfergnce is expected when the f

d above. The[highest
ignal lies within fhe test

channel, but also all other interference si [ otcur due to convefsion or
intermoglulation with the participation 0 9 ked" signal/within the nominal frgquency

ranges,|shall be evaluated.

The eql 3 atal es and the minimum output lev¢l of the

Harmon

In the ¢
wanted

4.3.1.2.

The resy
perform

4.3.2 Internal imm

a)

b)

eep the

for the
e 6.

nity (immunity to unwanted signals)

Methodof measurement

The measurement methods specified below serve to determine the immunity of an active
equipment to disturbance by unwanted signals occurring both outside of its operating
frequency range (out-of-band disturbance) and within of its operating frequency range (in-
band disturbance).

If the equipment under test are frequency converters that serve to convert one or more RF
input frequency ranges to one or more RF output frequency ranges, the measurements
shall account for possible combination products of wanted signals, unwanted signals and
the local oscillator frequency.

Internal immunity level

For the scope of this standard, the internal immunity level is the maximum level of the
unwanted signal applied to the input terminals which comply with the performance criterion
given in 4.3.
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c)

d)

g)

Test set-up

The test set-up is shown in Figure 6. The test equipment and auxiliary items shall be
properly interconnected with their characteristic impedances and be well-matched over the
operating frequency range.

Prior to measurements, the test set-up shall be checked to ensure that it is sufficiently free
of internally generated distortion products. Mutual modulation of test signal sources can
be avoided by increasing the attenuation between signal generators.

Measurement procedure

The measurement shall be carried out based on the three signal measurement method,
where the unwanted signal is simulated by two discrete carriers that are 6 dB down from
the reference level and spaced of a specified amount away from each other.

The| equipment under test shall be subjected to disturbance by . lUnwanted siJ;naIs in

accqrdance with the relevant limit curves.
Tes{ conditions

The ([limit curves specify the minimum levels of unwanted signe uipment
shal| meet the performance requirement.

The|limit curve to be applied shall be appropriately s
e of the equipment under test and be adapted

pquency
pquency

tios are
value is

given in
GHz to

out-of-
hce with

making
but exp¢sed to

brder to
Is or by

pquency

combined by a equipment to form a single output frequency range, any unwanted signals
that fall within the operating output frequency range after conversion shall be considered
as intermodulation products.

en np egLuen Age a e mple differen plane a) DO i on) are

Internal immunity to in-band disturbing signals

The level of the wanted signal shall be adjusted according to the specification given in
4.3.2.2. For measurements of immunity to in-band disturbing signals, the simulated
unwanted signal shall be applied to the input of the equipment under test in accordance
with the relevant limit curve.

It is permitted to introduce a system-specific level reduction of 3 dB when making
measurements on a converter designed for circular polarisation, but exposed to
disturbance by unwanted signals with linear polarisation.
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At the output of the equipment under test, measurements shall be made in order to
determine if all intermodulation products generated by the wanted and unwanted signals
and falling within the operating frequency range complies with the performance criterion
given in 4.3.

If different input frequency ranges are combined to form a single output frequency range,
unwanted signals that fall outside of their original input frequency range shall be
considered as distortion products.

4.3.2.1 Internal immunity in the 47 MHz to 862 MHz frequency range

For active equipment processing signals directly supplied by receiving antennas, the output
level of all intermodulation products that fall within the frequency passband of the equipment

under tgst shall be such that the carrier-to-interference ratio complies rmance
criterion| given in 4.3.

Measuré¢ments shall be performed with the set-up of Figure 6 using - igngt in one
of the tglevision or radio broadcast bands and one unwanted i nted by
two unmodulated carriers. The level of the wanted signal e gpecified
maximum operating level (according to IEC 60728-3). dulated

carriers|(representing the unwanted signal) shall be 6 d gcified in|Table 7

and shalll be spaced 1 MHz one from the other.

NOTE Thi i -seleeti S uf designed for the frequerjcy range
87,5 MHz e ) is UR i i

With s similar

Selectiv ilar) that are necessary to meet the
requirements regarding als shall be integral parts of active
equipment, that is, the

Present

The res ply with
the perf| 7.

4.3.2.2
4.3.2.2.

The msg internal immunity for outdoor-units in the 10,70 GHz to 12|75 GHz
frequengy range™h o be considered as recommendation to assure the proper opefation of
satellite recelvmg outdoor units at least in CATV and MATV headend appllcatlons Iflapplied

3 he =Ya S G using one
unmodulated wanted S|gnal and one unwanted modulated S|gnal represented by two
unmodulated carriers. The level of the wanted signal shall be adjusted as given in Figure 11
and Figure 12. The levels of the two unmodulated carriers (representing the unwanted signal)
shall be 6 dB down from that specified in Table 7 and shall be spaced 1 MHz one from
the other.

4.3.2.2.2 Single outdoor unit

All intermodulation products at the output of the outdoor unit, falling within the output SAT-IF-
frequency range, shall give a carrier-to-interference ratio which complies with the
performance criterion given in 4.3.

This is based on the assumption that at least one wanted signal and one unwanted signal, in
accordance with the limit curves given in Figures 11 and 12, are involved.
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The carrier-to-interference ratio of outdoor units for the reception of digital sound radio
signals (DSR) and their conversion to the 70 MHz to 862 MHz range (for example to S-
channels S2 and S3 with a centre frequency of 118 MHz) is under consideration.

4.3.2.2.3 Multiple outdoor units

When using multiple outdoor units with a combined output, the distortion products caused by
unwanted signals and/or wanted signals, falling within the frequency ranges produced by the
multiple outdoor units, shall be at least 35 dB below the output level of the wanted signal.

4.3.2.2.4 Presentation of the results

If this
ratio in
test spe

ference
ropriate

4.3.2.3

ratio. It
- and/or
lusively
bquency

The imn
shall be
DSR-sid
used fo
range (fl

The me :1992.

Present

The res with the

perform

4.4 j
The mgthods d ‘ a < he measurement of screening effectiveness of
passive|equipment’

In the 5|MHz to S .1 shall
be used.

In the 3
is used.

In the 9
used.

4.2.2.2

223 is

441 General measurement requirements

The measurement cables, coupling devices and terminations shall all be well-matched and
well-screened. Test equipment shall be of 75 Q impedance.

An indoor, or outdoor, site may be used. When indoors, a room of sufficient size must be
chosen, so that any reflecting and absorbing objects may be so positioned or sufficiently
removed from the measuring set-up that they do not influence the results.

Measurements shall be made at the following ports:

e all RF-ports;

« all single or multiple wire connections (if any).

Measurements shall be made at a selection of frequencies chosen to give a realistic represen-
tation of the screening effectiveness throughout the operating frequency range.
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4.4.2 Methods of measurements

4.4.21 Measurement of screening effectiveness in the 5 MHz to 30 MHz frequency
range using the “coupling unit” method

 Equipment required: according to 4.2.2.1.

« Equipment layout and connections: according to 4.2.2.1.

e Operating conditions: according to 4.2.2.1.

« Measurement procedure: according to 4.2.2.1.

« Presentation of the results: when a passive equipment is tested, its screening

effectiveness a; shall be given in terms of the ratio, expressed in decibels, between the
majimum power at the input of the equipment under test and the corrected|highest
megsured conducted power at each frequency of measurement. ThHeNresultsshall comply
with|the limits given in Table 9.

4.4.2.2 Measurement of screening effectiveness in the 3(
range using the “absorbing clamp” method

uency

 Equ|pment required: according to 4.2.2.2.

 Equ|pment layout and connections: according to
e Operating conditions: according to 4.2.2.2.
¢ Meagsurement procedure: accordirg to4.

¢ Pregentation of results: when a passive equip ad, its screening effectivgness ag
shall be given in terms of the ratio,/expressed iR ibels, between the maximum power at

the Jnput of the equipment under fest and\the\highest measured radiated power|at each
frequency of measurepie S comyly with the limits given in Table $.

44.23 : \ing_effectiveriess in the 950 MHz to 25 GHz frequency
ituti jethod

« Equ

« Equ

« Ope¢

« Mes

¢ Pregentatio ¢ sultsdwhen a passive equipment is tested, its screening effectivgness as
shal| be giyveni of the ratio, expressed in decibels, between the maximum Iower at

he eguipment under test and the highest measured radiated power|at each
Ysurement. The results shall comply with the limits of Table 9.

the jnput-of
frequency’of me

4.5 Electrostatic discharge immunity test for active equipment

The test method and the procedure shall be the direct contact method of IEC 61000-4-2,
(see 8.3.1) according to IEC 61000-6-1, Table 1, item 1.4: Electrostatic discharge.

Performance criterion B (according to IEC 61000-6-1, Clause 5):

The equipment shall continue to operate as intended after the test. No degradation of
performance or loss of function is allowed below a performance level specified by the
manufacturer, when the equipment is used as intended. The performance level may be
replaced by a permissible loss of performance. During the test, degradation of
performance is however allowed. No change of actual operating state or stored data is
allowed.

The test specifications are given in 5.5.
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4.6 Electrical fast transient/burst immunity test for a.c. power ports

The test method and the procedure shall be those given in IEC 61000-4-4, according to
IEC 61000-6-1, Table 4, item 4.5: Fast transient.

The test specifications are given in 5.6.

Performance criterion B according to 4.5.

5 Performance requirements

e Emi 2 when
me e lower
limif applies.

¢ Immunity: equipment under test shall meet the performance ¢ bin 4.3,
under the presence of the disturbing levels/limit values specified

5.1 Disturbance voltages from equipment
511 Limits of mains terminal disturbance voltage

The measurement shall be made in accordance

Table 1 — Limits of wmai rminaldisturbance voltage

Limit values
Frequency range (HV)
O\ )
\qu\as{bealé > | average value

0,009 tq\0,1\’3\ N ~ )under consideration

0,15 t{(}t‘/\ \ 66N0 56 3) 56 to 46 @)

§s Sl < m 46

60 50

5 {1090 NY%
a) decre%ing\w\neerly\vaWrithm of the frequency.

erminal disturbance voltages

5.1.2

The me made in accordance with 4.1.3.

le 2 — Limits of input terminal disturbance voltages

Frequency range . Level (75 Q
q MH)z( 9 Oscillator frequency dB(LV) )
30 to 3 000 Fundamental 46
30 to 3 000 Harmonics 46

5.2 Radiation
5.2.1 Radiation from active equipment

The measurements shall be made in accordance with 4.2.2.1, 4.2.2.2 or 4.2.2.3.

In case of broadband interference (no single carrier interference), the radiation level is
measured with a receiver having a quasi-peak detector and measuring bandwidths as stated
in Table 3 (according to CISPR 16-1).
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For single carrier measurements other receivers can also be used.

Table 3 — Limits of radiated disturbance power

Frequency range Limit values Measuring bandwidth
MHz dB(pW) kHz
5 to 30 27-20% 9
30 to 950 20 120
950 to 2500 43 1000
2500 to 25000 57 1000
? decreasing linearly with the logarithm of frequency. -

5.2.2

Measur

5.3 Inmunity of active equipment

Local oscillator power at the outdoor unit input

bment shall be made in accordance with 4.2.2.4.

Frequency range Leve
GHz mdB(p )

2,5 to 25 N7 N

5.3.1 External immunity to electr ma%ic ields
5.3.11 Out-of-band if i sdulat n ring signal)
Measur¢
out-of-band immunity
(lowes ce with the performance criterion, given|in 4.3)
Frequency ange \\/ Level @ Field strength
dB(pv) (emf) dB(uV/m)
015\t0 \\\QO 125
\8\%\\ A0 125
950\1{ qu (FM) 125
3 000 to \ZS\QO}O under consideratiof
3 This requirement is not applicable to signal and control ports interfacing with cables whose total length

according to the manufacturer’s functional specifications may not exceed 3 m. For a.c. and d.c. power ports this
requirement shall be applied without restriction.

5.3.1.2

In-band immunity (unmodulated interfering signal)

Measurement shall be made in accordance with 4.3.1.2.
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Table 6 — Limits of in-band immunity
(lowest level/field strength for compliance with the performance criterion, given in 4.3)

Frequency range Level @ Field strength
MHz dB(pv) (emf) dB(uV/m)
0,15 to 80 106
80 to 950 106
950 to 3000 (FM) 106
3000 to 25000 under consideration

) This requirement is not applicable to signal and control ports interfacing with cables whose total length
according to the manufacturer’s functional specifications may not exceed 3 m. For a.c. and d.c. power ports, this

requiremgnt shaft be applied wWithout restriction.
NOTE 1 |For equipment connected directly to receiving antennas, in-band immuni t have to
be applied for the input frequency ranges.
NOTE 2 |The external immunity of a complete cable network may be high ity of the
equipmenit as a result of the building attenuation, etc.
5.3.2 Internal immunity
Measurgé¢ment shall be made in accordance with 4.3.
Table 7 — Test sgé\:{ca{i'@}gr in er@ immunity
Frequency range \teél
MHz
47 to 68 \ (\ )see Figure 7
87{ \m\ M\ ) N > see Figure 8
4 to N 2 ) see Figure 9
&70\/& 8(}& see Figure 10
{ )ﬁ) 289 t<13\>({0 \ see Figure 11
@25&\ to(13R0 W see Figure 12
2 gor outd rh\it{)
% S§ dutdoor wits.
5.3.3 ity or units to image frequency signals
Measur I beymade in accordance with 4.3.2.3.
in terms of image suppression ratio
Type of Output frequency Limit values
equipment MHz dB
Outdoor units 950 to 3 000 40
5.4 Screening effectiveness of passive equipment

Measurement shall be made in accordance with 4.4.2.1, 4.4.2.2 or 4.4.2.3.
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Table 9 — Limits of screening effectiveness of passive
equipment within the nominal frequency ranges

Limit value
Frequency range dB
MHz
Class A Class B
5 to 30 85 75
30 to 300 85 75
300 to 470 80 75
470 to 950 75 65
QLN tn 2 000 =~

NOTE 1

average i
about 11
of 85 dB i

NOTE 2
equipmen

NOTE 3
to plan th

55 E

Measur

5.6 E

Measur

For the specification of the limit values for the screening effectiveness, |
hterfering field strength at the passive equipment will be 106 dB(pV/m)

t used as a result of the building attenuation, etc.

Class A equipment shall be used where high external field
e channel allocation to avoid these frequencies.

lectrostatic discharge immunity test f

ements shall be made in accordanc

N
arge voltage Performance
( kV criterion
N 4 B
lectrical fa i \%unity test for a.c. power ports

bments_shag i rdance with 4.6.

kV

N R\oﬂ/ Charge voltage Performance criterion

AC power 1 B

l that the
factor2 of
ktiveness

ity of the

t possible

ations for electrical fast transient/burst immunity test

2 Ratio of the incident field strength in dB(uV/m) to the disturbing voltage in dB(uV) induced in the equipment
(half-wave dipole model).
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Figure 2 — Absorbing clamp method (30 MHz to 1 GHz)
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