IEC 60728-3:2017-11 RLV(en)

IEC IEC 60728-3

o
®

Edition 5.0 2017-11
REDLINE VERSION

INTERNATIONAL
STANDARD

R
X\
P
el @ ol
Uk
A
bQ
O
N
o

Caljle networks for television signals, sound nals and interactive services
Part 3: Active wideband equipment for cab\IQ etworks

N



https://iecnorm.com/api/?name=44647b0be3fefbf34a63d53881fc2297

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2017 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

your local IEC member National Committee for further information.

IEC Central Office Tel.: +41 22 919 02 11
3, rue de Varembé Fax: +41 22 919 03 00
CH-1211 Geneva 20 info@iec.ch
Switzerland www.iec.ch

About|the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and, publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you hgve the
latest gdition, a corrigenda or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue Electropedia - www.electropedia.org

The sgtand-alone application for consulting the entre The world's leading online (dictionary of electronic and
bibliogfaphical information on IEC International Standards, electrical terms containing\20 000 terms and definitjons in
Technical Specifications, Technical Reports and other  English and French, with equivalent terms in 16 adflitional
documents. Available for PC, Mac OS, Android Tablets and languages. Also knoéwn as the International Electrotefhnical
iPad. Vocabulary (IEV)online.

IEC pyblications search - www.iec.ch/searchpub IEC Glossary-=std.iec.ch/glossary

The adlvanced search enables to find IEC publications by a 65 000 electrotechnical terminology entries in English and
variety] of criteria (reference number, text, technical  French-extracted from the Terms and Definitions clgquse of
commiftee,...). It also gives information on projects, replaced  IEC publications issued since 2002. Some entries have been
and wifhdrawn publications. collected from earlier publications of IEC TC 37, 77, 86 and
IEC Jyst Published - webstore.iec.ch/justpublished PR

Stay t}a to date on all new IEC publications. Just Published¢>, IEC Customer Service Centre - webstore.iec.ch/csc
details| all new publications released. Available online and\~ If you wish to give us your feedback on this publication or
also orce a month by email. need further assistance, please contact the Customer $ervice

Centre: csc@iec.ch.



mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
https://iecnorm.com/api/?name=44647b0be3fefbf34a63d53881fc2297

IEC 60728-3

Edition 5.0 2017-11
REDLINE VERSION

INTERNATIONAL
STANDARD

“ colour
inside

Cable networks for television signals, sound,signals and interactive services
Part 3: Active wideband equipment for cable networks

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 33.060.40; 33.170 ISBN 978-2-8322-5101-0

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=44647b0be3fefbf34a63d53881fc2297

-2- IEC 60728-3:2017 RLV © IEC 2017

CONTENTS

FOREWORD ...ttt ettt et et et ettt et et e et e et e et e et e e et e e e enns 6
LN I 2 1 1 L N 1 S 8
1 1T o 1= S 9
2 NOrMative refErENCES .. e 9
3  Terms, definitions, symbols and abbreviated terms.............coooiiiiiiii i 11
3.1 Terms and definifioNS .. ..o 11
3. I3 Y722 <o) 3 UV ...15
3.p Abbreviated terms ... ..o N A7
4 Methods of measurement ... ..o A 18
4. GBNETAL. . T e ...18
4.p Linear distortion ... ...18
1.2.1 RetUrn 10SS oo ...18
1.2.2 Group delay variation .........ccooooiiiiiiiiii A .20
4.8 Non-linear distortion...... ..o G .21
1.3.1 General ..o L .. 21
(1.3.2 Types of measurements.........coovivininin S, .22
1.3.3 Intermodulation.........c..oiiiiiii e O .22
1.3.4 Composite triple beat.........cooii .24
1.3.5 Composite second order beat ... 0 .27
1.3.6 Method of measurement of non-lingarity for pure digital channel load........ ... 31
1.3.7 Hum modulation of carrier....... Qs oo ...38
! Sbommote ol ond oo con ol e e e e
4.4 NOISE FIQUI L.t et e e e ...44
1.4.1 LT o= = | e ...44
1.4.2 Equipment required . . ...44
1.4.3 Connection of @quUipMeENnt ... e ...44
1.4.4 MeasurementProCEAUIE ... ....iui e ...44
4.6 Crosstalk attenuation ... .. ..o ...44
1.5.1 Crosstalk attenuation for loop-through ports ..........coooiiiiiiiiii ...44
1.5.2 Crasstalk attenuation for output ports ........oeeiiiiiiii ...45

4.6 Measurement of-compeosite-intermodulationneiseratio(CHNR) noise power
=1 (1) 1AV g o .47
1.6.1 GBNEIAL .. .47
1.6/2 Equipment required ... ... ...48
453 OZeY oY aT=Te3 {Te] g e} Ar=Te [UTT o] £11=] 2 X 4 49
4.6.4 Measurement ProCEAUIE ........c.iiii e e e 49
4.6.5 Presentation of the results ... 50
4.7 IMmunity t0 SUrge VOITAgES ....couiiiiiii e 52
4.7.1 GBNEIAL .. 52
4.7.2 EQUIPMENt rEQUITEd ...oeeei e 52
4.7.3 Connection of equUIipMeENt ... e 52
4.7.4 Measurement ProCEAUIE ........c.iiii e e e 52
5 Equipment reqUIremMENtS ... e 53
5.1 General reqQUITEMENTS ... e e e 53

5.2 S O e 53


https://iecnorm.com/api/?name=44647b0be3fefbf34a63d53881fc2297

-3- IEC 60728-3:2017 RLV © IEC 2017

5.3 Electromagnetic compatibility (EMC) ..o 53
5.4 L = To [ UT=T o Ton YA = Yo o 1= P 53
5.5 Impedance and retUrn [0S . ... e 53
5.6 7 ¥ o S 54
5.6.1 Minimum and MaxXimum QaiN.......o.ieiiie e e 54
5.6.2 GaN CONTIOL . 54
5.6.3 Slope and SIOPE CONEIOL ...uuini e 54
5.7 e = 14 1= 55
5.8 =15 S o o 1 | £ S 55
£r -1
5P NOISE FIQUI ..ot e e ...55
500  Non-linear distortion. ... ... A e ...55
5.10.1 GENEIAl .o e ...55
5.10.2 Second-order distortion ... ...55
b.10.3 Third order distortion ... T ...56
b.10.4 Composite triple beat........o.oo A ...56
b.10.5 Composite SECONA OFAEr . .uuieiiiiiie e et et e e e e e eees ...56
b.10.6 Maximum operating level for pure digital channelload............................... ...56
501  Hum modulation..........coooiiiii e N, .57
E——Vtdemate sl e el co el
B2 POWET SUPPIY e i e ...57
503  Environmental.........coooi S .57
5.13.1 LT o= = | .57
b.13.2 TraNS PO AtION o B e ...57
b.13.3 Installation or maintenancCe . X . e .57
b.13.4 (O] oT=T = 14 Lo o [ PP ...57
b.13.5 Energy efficiency of equipment ..........oooiiiiiii i ...58
5.4 MaArKiNG .. oo e e ...58
b.14.1 Marking of @qQUIPIIENT ... ..o ...58
b.14.2 Marking Of POItS .. ... ...58
515 Requirements formulti-switChes .............ooiiiiii i, ...58
5.15.1 Controf signals for multi-switches ..o, ...58
b.15.2 Amplitude frequency response flatness..........coooiiiiiiii i, ...58
b.15.3 REBIUIMN TOSS ..o e ...58
b.15.4 TRFOUGN 0SS ..o ...58
b.15:5 LSO ATION . . ...58
5. 156 Crosstalk attenuation...... ... ...59
9. 1577 Satellite TF o terrestrial signal iSOlatioN ... ... i ie e ee e e ennnrnnnnnnees 59
516  Immunity 0 SUIge VOILAgES ..oviiiiiii e 59
5.16.1 Degrees of testing levels ... 59
5.16.2 Recommendation of testing level degree ..........ccoooiiiiiiiiii i, 59

Annex A (normative) Test carriers, levels and intermodulation products.............co.coiviiinnie. 63

A1 Two signal tests for second- and third-order products ............c.cooooviiiiiiiiinen. 63
A.1.1 Intermodulation products with test signals at frequencies f4 and fy

S Tabl e ALl e 63

A.2 Three signal tests for third order products — Intermodulation products with
test signals at frequencies fg, fp, and f. , see Table A.2 and Figure A.3 .............. 64


https://iecnorm.com/api/?name=44647b0be3fefbf34a63d53881fc2297

-4 - IEC 60728-3:2017 RLV © IEC 2017

Annex B (informative) Test frequency plan for composite triple beat (CTB), composite

second order (CSO)-and-crossmodulation{(XM)-measurement ..o 66

Annex C (informative) Measurement errors that occur due to mismatched equipment .......... 68

Annex D (informative) Examples of measurement channels ...............coooii e, 69
D.1 Operating frequency range 110 MHz to 1 006 MHz .........coiiiiiiiiie 69
D.2 Operating frequency range 110 MHz to 862 MHz ... 69
D.3 Operating frequency range 258 MHz t0 1 218 MHz .......cooiiiiiiiiii 69

desidn for rnnrnr\fhc - - - — —— -

design for return paths e [

271 1T Yo = o 4 /27 N 77
aude Maximum error g for measurement of returnlo using \/'SWR_hridde h

dire D =46-dB-and 26-dB-te DO etHA1OSS e

Figune 1 — Basic arrangement of test equipment for evaluation of the-ratio of signal to

intermodulation product ... ... N .23
Figune 2 — Connection of test equipment for the measurement/of-non-linear distortion

DYy CQMPOSIte beat.... ..o e ...26
Figude 3 — BER measurement test configuration ...........4,..7 .32
Figude 4 — CINR measurement test Setup.......coooi sl .37
o0 STt i\ i oo S

Figune 5 — Plot of CINR in dB curve (forward{ath) versus EUT channel output signal

[EVEI]IN AB IV oo ettt et .38
Figune 6 — Carrier/Num ratio. ... ..o N e e ...39
Figude 7 — Test set-up for local-powered Objects.........ooiuiiiiiiii ...40
Figune 8 — Test set-up for remote-powered Objects ..........cccveeiiiiiiiiiiiiii e, ...40
Figune 9 — OSCIlloSCOPE diSPIaY ...vuiniiiiiiiie e e ... 41

igue—10 me-constaity o e
Figude 10 — Measurement of NoISe figUIre ... ..o .44

Figune 11 — Measurement of crosstalk attenuation for loop through ports of multi-

SO S . T e AT
Figune #2-= Characteristic of the noise filter..........ccooiiiii i, ...49
Figure e etop-ferthenontrearitymeaswremert—rrrr .. 49
Figure 14 — Presentation of the result Of-CEANR NPR .......oouiiiiiiiii e 51
Figure 15 — Measurement set-up for surge immunity test............cc.cooiiiiiiiii i, 52
Figure A.1 — An example showing products formed when 2f5 > fpp ....ooovviiiiiiiiiiiiiii 63
Figure A.2 — An example showing products formed when 2f5 < fpp ...ooovviiiiiiiiiiiiiiiii 64
Figure A.3 — Products of the form fg & fpp & foooomrm 64
Figure C.1 — Error concerning return 10Ss measurement .........c..ccooiiiiiiiiiiii e 68

Figure C.2 — Maximum FiPPle .o e e 68



https://iecnorm.com/api/?name=44647b0be3fefbf34a63d53881fc2297

-5- IEC 60728-3:2017 RLV © IEC 2017

Table 1 — Measurement parameters for full channel load ..., 34
Table 2 — Notch filter freQUENCIES .......oviiiii e 49
Table rementsferategtiprmert——————————————--- 54
Tablg¢ 4 — Parameters of surge voltages for different degrees of testing levels ...............-% ...59
Tablg¢ 5 — Recommendations for degree of testing levels ... A S, ..60
¢ A.1 — Intermodulation products with two signals ..o O N ...63
.................................................... .64



https://iecnorm.com/api/?name=44647b0be3fefbf34a63d53881fc2297

1)

This|redline version of the official IEC Standard allows the user to identify the cha

-6 - IEC 60728-3:2017 RLV © |IEC

INTERNATIONAL ELECTROTECHNICAL COMMISSION

CABLE NETWORKS FOR TELEVISION SIGNALS,
SOUND SIGNALS AND INTERACTIVE SERVICES -

Part 3: Active wideband equipment for cable networks

2017

FOREWORD

Thee International Electrotechnical Commission (IEC) is a worldwide organization for standardizatieh cem

rnational co-operation on all questions concerning standardization in the electrical and elgctronic fiel
end and in addition to other activities, IEC publishes International Standards, Technical Specific

rising

national electrotechnical committees (IEC National Committees). The object of IEC,is“to prpmote

fis. To
tions,

Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter ‘referred to as| “IEC

rested

in|the subject dealt with may participate in this preparatory work. Internationaly.-governmental and non-

ernmental organizations liaising with the IEC also participate in this preparation-”IEC collaborates glosely

with the International Organization for Standardization (ISO) in accordance.with” conditions determined by

latter.

itself does not provide any attestation ef ¢onformity. Independent certification bodies provide conf]
essment services and, in some areas, \access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

Nq liability shall attach to IEC or:its’ directors, employees, servants or agents including individual exper
mg¢mbers of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee{
expenses arising out of.the publication, use of, or reliance upon, this IEC Publication or any othe
Pyblications.

Atjention is drawn to_the Normative references cited in this publication. Use of the referenced publicati
indispensable for_the:correct application of this publication.

Atiention is drawn to the possibility that some of the elements of this IEC Publication may be the sub
paftent rights. |EC shall not be held responsible for identifying any or all such patent rights.

htional
bm all

htional
bf IEC
r any

ations
lgence
ted in

ormity

br any

s and
hge or
) and
r I[EC

bns is

ect of

hges

made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 60728-3 has been prepared by technical area 5: Cable networks
for television signals, sound signals and interactive services of IEC technical committee 100:
Audio, video and multimedia systems and equipment.

This fifth edition cancels and replaces the fourth edition published in 2010. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) extension of upper frequency range limit for cable network equipment in the forward path

b) e

d)
e)
f) a
g) a

o

The fext of this International Standard is based on the following’”documents:

from 1000 MHz to 1218 MHz (optional up to 1794 MHz);

from 85 MHz to 204 MHz;
c) irftegration and update of IEC 60728-3-1 content;

=

Ktension of upper frequency range limit for cable network equipment in the return

tegration and update of the Technical Specification CLC/TS 50083-3-3 content;
bletion of specifications and test methods for obsolete analogue parameters;
Hditional normative references;

fditional terms and definitions and abbreviations.

FDIS Report on voting
100/2975/FDIS 100/2990/RVD

path

nd in

ed to

Full information on the voting for the approvab,of this International Standard can be fou

the r¢port on voting indicated in the above table.

This document has been drafted in accerdance with the ISO/IEC Directives, Part 2.

The [ist of all the parts of the lEC 60728 series, under the general title Cable networKs for
television signals, sound signals’and interactive services, can be found on the IEC websife.
The ¢gommittee has decided that the contents of this document will remain unchanged untjl the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data relat

the specific document. At this date, the document will be

e rg¢confirmed,

e withdrawn;

e r¢placed by a revised edition, or

e ahrended:

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The “colour inside” logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.



http://webstore.iec.ch/
https://iecnorm.com/api/?name=44647b0be3fefbf34a63d53881fc2297

-8- IEC 60728-3:2017 RLV © |IEC

INTRODUCTION

2017

Standards and other deliverables of the IEC 60728 series deal with cable networks, including
equipment and associated methods of measurement for headend reception, processing and
distribution of television-sighrals and sound signals and-their-associated-data-signals—and for
processing, interfacing and transmitting all kinds of data signals for interactive services using
all applicable transmission media. These signals are typically transmitted in networks by

frequ

This

ency-multiplexing techniques.

includes for instance:

(
PV
*+—H

—

£

e €

° M

ATV -petworks:
AT\ -petworks-and-SMAT\-networks:

gional and local broadband cable networks,
Ktended satellite and terrestrial television distribution systems,

dividual satellite and terrestrial television receiving systems,

and all kinds of equipment, systems and installations-instaledrused in such cable netwporks,
distripution and receiving systems.

rhich
The pxtent of this standardization work is fromthe antennas and/or special signal squrce
inputp to the headend or other interface points, to the network up to the terminal input df the
custqmer premises equipment.
The ptandardization work will consideré€oexistence with users of the RF spectrum in yired
and \ireless transmission systems.
The [standardization of any.user terminals (i.e. tuners, receivers, decoders, multimedia
terminals, etc.) as well as of.any coaxial, balanced and optical cables and accessories thereof

is ex

cluded.
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CABLE NETWORKS FOR TELEVISION SIGNALS,
SOUND SIGNALS AND INTERACTIVE SERVICES -

Part 3: Active wideband equipment for cable networks

1 Scope

This | part of IEC 60728—lays—dewn specifies the measuring methods, performance
requirements and data publication requirements for active wideband equipmentsof ¢able
netwprks for television signals, sound signals and interactive services.

This document

e applies to all-breadband amplifiers used in cable networks;
e copvers the frequency range 5 MHz to 3 000 MHz;

NOTE| The upper limit of 3 000 MHz is an example, but not a strict value.-Fhe-frequencyrange,—orranged,over

e applies to one-way and two-way equipment;

o ldys-dewn specifies the basic methods of measurement of the operational characterjstics
of the active equipment in order to assess the performance of this equipment;

¢ identifies the performance specifications to berpublished by the manufacturers;

e slates the minimum performance requirements of certain parameters.

Amnlifie e divided-into-the followina-two-8 ity lava

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements 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 60068-1:4998, Environmental testing — Part 1. General and guidance
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IEC 60068-2-1, Environmental testing — Part 2-1: Tests — Tests A: Cold

IEC 60068-2-2, Environmental testing — Part 2-2: Tests — Tests B: Dry heat

IEC 60068-2-6, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)

2017

IEC 60068-2-14, Environmental testing — Part 2-14: Tests — Test N: Change of temperature

IEC 60068-2-27, Environmental testing — Part 2-27: Tests — Test Ea and guidance: Shock

e oot Seeie covlomesenial lontine soponclhne Dot D00 Toenle  Toal Sl ond
IEC 60068-2-30, Environmental testing — Part 2-30: Tests — Test dB: Damp ‘heat, ¢yclic
(12 H+ 12 h cycle)

IEC $0068-2-31, Environmental testing — Part 2-31: Tests — Test Ec: Rough handling shpcks,
primarily for equipment-type specimens

IEC 40068-2-32, Basic-environmental-testing-procedures —Part 2-32: Tests — Test Ed:{Free
fall

IEC $0068-2-40, Basic environmental testing procedures — Part 2-40: Tests — Test Z

Com

IEC ¢
Part

IEC ¢
Part

IEC 6072855 Cable networks for television signals, sound signals and interactive servig

Part

bined cold/low air pressure tests

0728-2, Cable networks’for television signals, sound signals and interactive serviq
P: Electromagnetic_ceompatibility for equipment

0728-4, Cable.networks for television signals, sound signals and interactive serviq
4 Passive wideband equipment for coaxial cable networks

b: Headend equipment

/AM:

es —

es —

es —

IEC 60728-11, Cable networks for television signals, sound signals and interactive services —
11: Safety

Part

IEC 61000-4-5, Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement
techniques — Surge immunity test

IEC 61319-1, Interconnections of satellite receiving equipment — Part 1: Europe

IEC 61319-2, Interconnections of satellite receiving equipment — Part 2: Japan
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IEC 62368-1, Audio/video, information and communication technology equipment — Part 1:
Safety requirements

For t
terms

[erms, definitions, symbols and abbreviated terms

he purposes of this document, the following terms, definitions, symbols and\abbreV
5 apply.

ISO Ind IEC maintain terminological databases for use in standardizaiion at the follg

addr

B

[«

N

3.1
3.1.1

SSesS:

EC Electropedia: available at http://www.electropedia.org/

6O Online browsing platform: available at http://www.iso.6rg/obp

Terms and definitions

amplitude frequency response

gain

3.1.2
atten
ratio
decih

pr loss of an equipment or system plotted against frequency

uation
of the input power to the output.pewer of an equipment or system, usually express
els

iated

wing

ed in

n an
idth

3.1.4
composite intermodulation noise
CIN
sum of noise and intermodulation products from digital modulated signals
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CINR
composite intermodulation noise ratio

ratio

3.1.6

of the signal level and the CIN level

2017

Hhwd

bebep - ratio of the wanted signal power to the unwanted signal power{~whi
causgd by electromagnetic coupling between two leads, while equal signal powers, are ap
to the leads

Note 1 to entry: Crosstalk attenuation is usually expressed in decibels.

3.1.7

decibel ratio

ten ti

mes the logarithm of the ratio of two quantities of power P{and P,, i.e.

10Igﬁ
P2 in g8
3.1.8
equaliser
devide designed to compensate over a certain frequency range for the amplitude/freqy

disto

Note

3.1.9
feed
trans|

Note

rtion or phase/frequency distortion introduced by feeders or equipment

to entry: This device is for the compensation of linear distortions only.

r
ission path forming part of a cable network

to entry: Such a-path may consist of a metallic cable, optical fibre, waveguide or any combination of|

By extension, the term is-also applied to paths containing one or more radio links.

3.11
gain
ratio

0

of the output power to the input power, usually expressed in decibels

ency

them.

4

3.1.1
ideal

1
thermal noise

noise generated in a resistive component due to the thermal agitation of electrons

Note 1 to entry: The thermal power generated is given by

P=4.-B-k-T

where

P is the noise power, in watts;
is the bandwidth, in hertz;

B
k is the Boltzmann's constant = 1,38 x 10723 J/K;
T

is the absolute temperature, in kelvins.


https://iecnorm.com/api/?name=44647b0be3fefbf34a63d53881fc2297

2017

-13 - IEC 60728-3:2017 RLV © IEC

It follows that
2
YU 4T
R
and
U=N4-R-B-k-T

wherp
U ig the noise voltage (e.m.f.);
R ig the resistance, in ohms.
In practice, it is normal for the source to be terminated with a load egual to the int
resisfance value, the noise voltage at the input is then U/2.
3.1.12
level
decifjel ratio of any power P, to the standard reference power/£y/i.e.

10Igi

Fo

decifjel ratio of any voltage U, to the standard reference voltage Uy, i.e.

20 Igﬂ

Uo

ernal

B(P,).
count
1 pv

f the
esult

Note 1 to entry: The power level may be expressed in decibels relative to P, = (UOZIR) = (1/75) pW, i.e. in d
taking|into account that the level of-Pgcorresponds to 0 dB(P,) or, as more usually, in dB(pW), taking into a
that the level of P, corresponds te/-18,75 dB(pW). The voltage level is expressed in decibels relative to
(acrogs 75 Q), i.e. in dB(nV).
3.1.18
moduylation errorratio
MER
sum pf the squares of the magnitudes of the ideal symbol vectors is divided by the sum g
squafes of-the magnitudes of the symbol error vectors of a sequence of symbols, the 1
being expressed as a power ratio in dB
u 2 2
Z(’ Y )
j=1 .
MER =101g ]\]I— in dB
2 2)
2(511 +080;
J=1
3.1.14

multi-switch
equipment used in distribution systems for signals that are received from satellites and
converted to a suitable IF

Note 1 to entry:

The IF signals that are received from different polarisations, frequency bands and orbital

positions are input signals to the multi-switch. Subscriber feeders are connected to the multi-switch output ports.
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Each output port is switched to one of the input ports, depending on control signals that are transmitted from the
subscriber equipment to the multi-switch. Besides a splitter for each input port and a switch for each output port, a
multi-switch can contain amplifiers to compensate for distribution or cable losses.

3.1.15
multi-switch loop through port
one or more ports to loop through the input signals through a multi-switch

Note 1 to entry: This enables larger networks with multiple multi-switches, each one installed close to a group of
subscribers. The multi-switches are connected in a loop through manner. The IF signals that are received by an
outdoor unit from different polarisations, frequency bands and orbital positions are input signals to a first
multi-switch. Cables connect the loop through ports of this multi-switch to the input ports of a second multi-switch
and so on.

portln g multi-switeh used-to-distribute terrestrial sianals in addition—to-the siaghals recéived
pot—R—a—mutH-swWheh—usSeato—-aistHotteterHesStHa—SsighaSHhaaaiHoRtothe—SsSighaSfFecetvea

nois¢ factor
noise figure
usedtas figures of merit describing the internally generated noise afyan active device

Note 1 to entry: The noise factor, F, is the ratio of the carrier-to-noise ratio at the input, to the carrier-tofnoise
ratio gt the output of an active device.

G,
C, /N,
where
Cq is the signal power at the input;
Co is the signal power at the output;
N4 is the noise power at the input (ideal thermal noise);
No is the noise power at the output.

In other words, the noise factor is the\ratio of noise power at the output of an active device to the noise poer at
the same point if the device had béen ideal and added no noise.

N2act al
F_ L 2actual

Noideal

The ngise factonis dimensionless and is often expressed as noise figure, NF, in dB

ATF‘—1ﬁ|gF‘ ndB

3.1.17

slope

difference in gain or attenuation at two specified frequencies between any two points in an
equipment or system

Note 1 to entry: The slope sign is considered

a) negative when the attenuation increases with frequency (cables) or the gain (amplifiers) decreases with
frequency,

b) positive when the gain (amplifiers) increases with frequency (compensating slope).

3122
standard reference power and voltage
ir-cable-networks;the-standardreferencepowerPy—is{H75)pW
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3.1.18

surge voltage
surge which is produced by a direct or indirect lightning stroke

3.2 | Symbols

The following graphical symbols are used in the figures of this standard.»These symbols are

eithef listed in IEC 60617 or based on symbols defined in IEC 60617.

Symbols

®

N

/”\/@
-
<

Terms
Ammeter
based on
[IEC 60617-S00910
(2001-07)]

Selective voltmeter

Symbols

(v
)

Terms

Voltmeter

based on

[IEC 60617-S00910
(2001-07)]

Power meter

based on

[IEC 60617-S00910
(2001-07)]

Signal generator

Equipment under test
based on G based on
EUT [IEC 60617-S00899,
E'ZEO%E%‘;;]%SOOOE’Q ~ IEC 60617-501403
(2001-07)]
P Variable signal generator
G Noise generator BaESCe%(?gﬂ-SOOOM
[IEC 606174230 G IEC 60617-500899, IEC 60617
kT (2001-07)] ~ ) ’ .
S01403
(2001-09)]
G Surge generator ~_ High-pass filter
_ﬂ_ [IEC 60617-S01228 X [IEC 60617-S01247
(2001-07)] (2001-07)]
Low-pass filter N Band-stop filter
% [IEC 60617-S01248 X [IEC 60617-S01250
(2001-07)] o (2001-07)]
Oscilloscope
X Band-pass filter based on
N [IEC 60617-S01249 @ [IEC 60617-S00059, and
o (2001-07)] IEC 60617-S00922
(2001-07)]
Spectrum analyser (electrical) Attenuator
P(f) based on A based on
[IEC 60617-S00910 [IEC 60617-S01244
(2001-07)] xdB (2001-07)]
//' Variable attenuator Amplifier
(2001-07)] (2001-07)]
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Symbols Terms Symbols Terms
RF modulator RF demodulator
based on based on
[IEC 60617-S01278 [IEC 60617-S01278
. (2001-07)] . (2001-07)]
Combiner
based on . -
2z [IEC 60617-S00059 -H-[>— Detector with LF-amplifier
(2001-07)]
Functional equipotential bonding
[IEC 60617-S01410 v Adjustable AC voltage source
g (266111
Resistor Variable resistor
(2001-07)] (2001-07)]
Capacitor RF choke
4"— [IEC 60617-S00567 — Y [IEC 60617-S00583
(2001-07)] (2001<067)]
— |
| . .
0] Opticalreceive
Double tap-off-box HEGC 60617-S00213
E
y {2004-07)
| A 1ifi .
amplifier
HEC- 60617-S00433
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3.3 Abbreviated terms

AC
AE
AGGC
AM
BER
CATV
CIN

alternating current

audio-frequency
automatic gain control

amplitude modulation

bit error ratio

community antenna television (system)
composite intermodulation noise

IEC 60728-3:2017 RLV © IEC 2017

CIN
CSO
CTB
Ccw

DC
DUT
DVB{C
EMC
EUT
HP

LF
LP

MER

PRB$
QAM
QPSK
RF

composite intermodulation noise ratio
composite second order
composite triple beat
continuous wave
composite-crossmodulation
direct current
device under test
Digital Video Broadcasting — cable
electromagnetic compatibility
equipment under test
high pass
intermediate frequency
low frequency
low pass
ision
modulation error ratio
. | ol
. Latiorn
| . .

ket iddatif
pseudo-random bit sequence
quadrature amplitude modulation

£ .

radio frequency

RMS
RS
SECAM
e
St
TV
UHF
A==

N
XM

root mean square

rotary switch

ial " . ol

Slomolooaoier

" lovisi

television
ultra-high- frequency
very-high-frequeney

| . .
crossmodulation
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4 Methods of measurement

4.1 General

This clause defines basic methods of measurement.-Any-equivalent-method-that-ensures-the
same-—accuracy-—may-be-used-for-assessing-performance- Ensure that all test equipment is

calibrated and all connectors, leads, and terminations have an adequate quality in order to not
affect the test results.

Unless stated otherwise, all measurements shall be carried out with 0 dB plug-in attenuators
and equalisers. The position of variable controls used during the measurements shall be

published.

A nefwork can be used to distribute terrestrial signals in addition to the signals’received|from
satellites. The terrestrial antennas are connected to an optional terrestrial input port|of a
multitswitch. On each output port, the terrestrial signals are available in addition t¢ the
satellite IF signals. Since the—dsual normal frequency ranges fofi terrestrial signals| and
satellite IF signals do not overlap, both can be carried on the same.cable.

For large networks with loop through connected multi-switches’, two possibilities exist to carry
the terrestrial signals from one multi-switch to another multixswitch:

e tQ use a specialised cable for the terrestrial signalnin addition—with to the cables usdgd for
the satellite IF signals and then, on each output{ort the terrestrial signal is combined with
the selected satellite IF signal;

e tqQ combine the terrestrial signal with each satellite IF signal before the first multi-swifch in
ofder to minimise the number of cables bétween multi-switches.

NOTE| The signal coming from an outdoor, ynit for satellite reception—may can contain unwanted gignal-
compgnents with frequencies below the foreseen satellite IF frequency range. These signal-components oyerlap
with the frequency range of terrestrial signals. For example, an outdoor unit that converts the frequency| band
11,7 GHz to 12,75 GHz to the satellite IF“{requency range-may can convert signals in the 10,7 GHz to 11,f GHz
band {o frequencies below the satellite }F-frequency range. These frequencies have to be sufficiently filtered|out to
avoid |nterference with terrestrial signals on the same cable.

For measurements on multi-switches, it is necessary that control signals be fed to the output
ports| that are involvedin the measurement. Therefore, a bias-tee has to be connécted
betwgen the multi-switch output port and the measurement set. The DC port of the bias-fee is
conngcted to a standard receiver that generates the required control signals. Care has o be
takern that the influence of the bias-tee on the measurement result is insignificant. This can be
achigved by including it into the calibration or using a network analyser with a built in bias-tee.

4.2 Linear distortion

4.21 Return loss
4211 General

The method described is applicable to the measurement of the return loss of equipment
operating in the frequency range 5 MHz to 3 000 MHz.
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All input and output ports of the unit shall meet the specification under all conditions of
automatic and manual gain controls and with any combination of plug-in equalisers and

attenuators fitted.

Equipment required

4.2.1.2
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A VSWR-bridge
G . = EUT
~ ad
Variable signal Equipment
generator under test
Oscilloscope

IEC 2502/10

2017

A nefwork analyser covering the frequency range of the equipment to be tested\is require

4.2.13 Measurement procedure

All cgaxial input and output ports, other than those under test, shall/e terminated in 75 Q.

Ensure that there is no supply voltage on the port being measuréed as this could damag
bridgle network analyser. If it is necessary to use a voltage\blocking device, use one W
good| return loss (10 dB above-requirement the expectedytest result). Return loss shg
meagured at all RF signal ports of the EUT. Take intoaccount the impact of test equip,
mismatch as detailed in Annex C and adjust the resulfs accordingly.

e the
ith a
Il be
ment

4.2.2 Group delay variation

4.2.2.1 General

The group delay (GD) is a parameter affected by the physical length and propagation vel

ocity

in the passive and active circuits involved, where frequency-selective components, such as

L-C filters, e.g. diplexers, and amplifiers, are present.
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GD is defined as the negative derivative of phase with respect to frequency, and is expressed
mathematically as

D = —(do/dw)
The GD value is measured in time units and usually expressed in nanoseconds.

The group delay variation (GDV), also called group delay distortion, is the absolute value of
the difference between the maximum and minimum group delay within a specified frequency
interval, i.e. between one frequency and another in a circuit, device, or system.

GDV = |- (dp4/dw,) |- |- (doy/dwy) | Q}/

The frequency interval is defined by the given specifications for the equrpm@'\under tgst or
can hye derived from the specification of the transmission system. In cascad ystems dgroup
delay variation of each (cascaded) device accumulates and simple summa h is assumed.

/\(1/

If the pystem allows a GDV of 120 ns, a maximum number of 6 devices, with V of 20 ns for each devicp, can

be cagcaded. Q/

NOTE|2 The term ‘group delay’ is wrongly used in some documents m%ad of group delay variation.

NOTE|1 Example for GDV derivation of cascaded systems:

4.2.2(2 Equipment required QQ
The following equipment is required: a vector n é& analyzer covering the frequency range
o

of thg equipment to be tested and with featur measure transmission group delay |[(GD)
and frequency response at the specified freqt@ncres

4.2.2.3 Measurement procedure ,\®$

The measurement procedure is as{qjlows:

a) (alibrate and align the ve%ﬁ\rjrnetwork analyzer in the same manner as for linear distgrtion
easurements. @)
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c) The frequen@wterval over which the GD measurement is made shall be recorded.

d) Set the othing function in the network analyzer according to the recommendatiohs of
the m of the test equipment manufacturer to get the optimum reading of the valugs.

e)

f)

(GDV) between the two values and record the result.

4.2.2.4 Presentation of the results

Present the group delay variation results (GDV) and the specified frequency interval.

4.3 Non-linear distortion
4.3.1 General

In a non-linear device, the expression for the output signal will, in general, have an infinity of
terms, each generated from one or more of the (assumed srnusordal) terms in the input, and
particularly by the interaction of two or more terms.-A-detailed-derivation-is-described-in-the
Annex-A.
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It is recommended that, for mixed analogue/digital loads, both the analogue and digital
methods of measurement should be considered.

4.3.2 Types of measurements
Measurements related to the following phenomena are described:

e intermodulation between two or three single frequency signals;

° combposite- beats produced-bv a number of single freguencyv signals:
Ll L J ~J -1 J J 7

e intermodulation between digital modulated signals.

A-prgper The specification shall include at least the following details:

a) the particular effect that is measured;
b) the required signal to distortion ratio.

The result of the measurement shall be given as the worst-case maximum signal level gt the
equigment output that allows the required signal to distortion\ratio to be met. If the optput
levellis sloped with frequency, this shall be defined.

The ¢ffect shall be defined as being of a particular order{(e.g. "third-order intermodulation").

4.3.3 Intermodulation
4.3.311 General

The fwo equal carrier and the three equal carrier methods described are applicable tp the
meagurement of the ratio of the carrier\t@ a single intermodulation product at a specified |point
withip the cable network. The methods can also be used to determine the intermodulation
perfgrmance of individual items of equipment.

NoTE|It should be especiallylinoted that the simultaneous use of many channels spaced by the
samg frequency interval.results in a large number of intermodulation products (particlilarly
those of the third-order)falling near the vision carrier of a wanted television channel. In {hese
casep, the resultant Ninterference is of an extremely complex nature and an alternative
meagurement procedure-will shall be needed. This is covered in 4.3.4 and 4.3.5.

Exanpples of(second-order and third-order intermodulation products are given in Annex A,

Second ystems, covgring

Third-order products are encountered in wideband and narrowband equipment and systems
and shall be measured using three signals (see Clause A.2).

NOTE If the unequal carrier method of measurement, as described in IEC 60728-5, is used, the
output level giving the appropriate signal to distortion ratio-must shall be decreased by 6 dB to
obtain the correct result for the equal carrier method described here.

4.3.3.2 Equipment required
The following equipment is required:

a) a selective voltmeter covering the frequency range of the equipment or system to be
tested; this may be a spectrum analyser;
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b) the appropriate number of signal generators covering the frequencies at which the tests
are to be carried out;

c) a variable attenuator with a range greater than the signal to intermodulation ratio expected,
if not incorporated in the voltmeter described in 4.3.3.2 a);

d) a combiner will be required for tests on equipment and systems with a single input (Figure

1).

NOTE Additional items may be necessary, for example to ensure that the measurements are
not affected by spurious signals generated in the test equipment itself-(Annex-C).

4.3.3f—9mee«eo—el—equ-‘rpmeﬂ(—
The ¢quipment shall be connected as shown in Figure 1.

Signal .
generators LP-filters
G X ~_ X
~ | T Selective
[ ' Combi voltmeter
ombiner
e //' /)'
N LR > EUT 4 A AR @
’\_/ ' : %
G ' :
Smniods
R ! G Pilot generator if
~_ | required farAGC
IEC

NOTElL The reguirement forthe items
NIHE —efegurementror—neHemsS

B B

n-the results of dhecks
HAETFEeSUHSOgREecKs

The filters at the signal generator outputs may‘\be needed to suppress spurious signals. The selective volimeter
input filter may be required to prevent intermodulation in the meter. If a filter is used, then the possible migmatch
should be avoided by not reducing the attentrator value below 10 dB.

NOTE| To avoid intermodulation between' the signal generators, it may be necessary for the combiner to belin the
form df one or more directional codplers-{see-Annex-C).

Figure 1 —\Basic arrangement of test equipment for evaluation
of the ratio of signal to intermodulation product

4.3.3.4 Measurement procedure

4.3.3.4.1 General

The llneasurement procedure comprises the following steps.

Unless otherwise required, the reference output levels used in the measurements shall be the
nominal output levels for the equipment. It shall be quoted whether the signal output levels
are constant over the frequency range or not. If the specified output levels are not constant
over frequency range then the output levels off all the test signals shall be quoted in the
results.

Measurements of both second order and third order products shall be carried out with the test
signals widely and closely spaced over each band of interest at frequencies capable of
producing significant products within the overall frequency range.

Where the equipment to be measured includes automatic gain control, tests shall be carried
out at the nominal operating signal input levels.
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4.3.3.4.2 Calibration and checks

A check shall be made to determine if the harmonics and other spurious signals at the outputs
of the signal generators are likely to affect materially the results of the measurements—{see

Annex-C).

The selective voltmeter shall be calibrated and checked for satisfactory operation—(see

Annex-C).

A check shall be made for possible intermodulation between the signal generators at the
output levels to be used for the tests{see-ArnexC).

4.3.3.4.3 Measurement

Set the signal generators, in CW mode, to the frequencies-of-the-test-sighals{see4-3-34-a)
and fis described in Annex A and adjust their outputs and that of the differént points gf the

systgm as far as the point of measurement to obtain the specified system loperating Ievels
throughout.

Conrlect the variable attenuator and selective voltmeter and other*items if required{{see
Anrnex-C) to the output of the equipment under test. Tune the meter to each test signal and
note fthe attenuator value a4 required to obtain a convenient meter reading R for the refefence
signgl. The attenuator value a4 should be slightly greater than the signal to intermodulation
ratio lexpected at the point of measurement.

Tune| the meter to the intermodulation product to be)measured and reduce the setting qf the
variaple attenuator to the value a, required to obtain the same meter reading R.

NOTE| When measuring levels of intermodulation products, it-may can be necessary to ingert a
filter [at the input to the meter{see-AnnexE)}. In such instances the insertion loss (in dB) of
the fijter at the frequency of the products;shall be added to the attenuator value.

The gignal to intermodulation produgt ratio in dB is given by

S/ = aq—as

wherg
aq |is the attenuafor value for the test signal used as a reference in dB;
a, |is the atteriuator value for the intermodulation product in dB.

4.3. Composite triple beat
4.3.41 General

The method of measurement of composite triple beat using CW signals is applicable to the
measurement of the ratio of the carrier to composite triple beat at a specified point in a cable
network. The method can also be used to determine the composite triple beat intermodulation
performance of individual items of equipment.

When the input signals are at regularly spaced intervals (as is common in most allocations for
TV channels), the various distortion products tend to cluster in groups, close to the TV
channels. The number of different products in each cluster increases rapidly with the number
of channels, and they combine in different ways, depending on the degree of coherence
between generating signals, and the relative phases of the different distortion products.

The method described in this subclause measures the non-linear distortion of a device or
system by the composite effect of all the beats clustered within + 15 kHz of the vision carrier
of a TV channel. During the measurement, the vision carrier of that channel shall be turned off,
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so that the composite triple beat measured is that generated by all the carriers except that of
the measured channel.

The method is used to support a specification of the following general format:

"The composite triple beat ratio for groups of carriers in channel (A) at (B) dBuV is (C) dB."

where

(A)

(B)

(C)

designates the channel in which the test is made. If omitted, the specification is
understood to be a minimum specification for measurements at all the channels

cpnr\ifinr’l hy the list of r\::rriore;

is the reference level at which all the carriers should be set during the measurement,
unless otherwise specified. If all the carriers are not at the same level, the specification
should clearly indicate the level of each carrier relative to the reference levél;

is the composite triple beat ratio, usually given as a minimum specification.

Because of the large variety of frequency plans in use throughout the world and the negd to
compare readily performance specifications of different manufacturers' equipment| the
meagurement should be made with the carriers listed in Annex B¢{the carriers are all [n an

8 MHz raster, except for the special case of 48,25 MHz).

except as stated below. If an amplifier is specified up to 450 MHz, group A shall be used. If
specified up to 550 MHz, groups A and B shall be used{df specified up to 862 MHz, all groups

A, B,|C, D and E shall be used.

Group A can also be used in part, depending on the specified bandwidth of the equipment
undef test. The frequencies deleted shall be stated. If the carrier 48,25 MHz is not usgd in
casep where the forward path startsywith 85 MHz, then the results of measurements shall be
published including the notice"without Band I". If the equipment can operate gt all
frequencies in group A, this result shall be quoted together with the result where only a part of

group A is used.

For all pass bands, thevperformance shall be quoted for the maximum possible numbjer of
complete groups. The,manufacturer may, in addition, provide a performance figure for a larger

number of carriers: The frequencies deleted shall be stated.

4.3.42 Equipment required

The Ilollowing equipment is required:

a)

b)
c)

a spectrum analyser with 30 kHz intermediate frequency (IF) bandwidth and 10 Hz video
bandwidth capability.

NOoTE When using a spectrum analyser with minimum video filtering capabilities greater
than 10 Hz, the composite third-order distortion may be noisy and should be read at the
middle of the trace;

a variable 75 Q attenuator, adjustable in 1 dB steps;

a bandpass filter for each channel to be tested or a tunable bandpass filter. This filter
shall attenuate the other channels present on the system to be tested—sufficiently to
ensure that the products generated by non-linearity in the spectrum analyser itself do not
contribute significantly to the composite beat products to be measured.

The passband of this f||ter shall be flat, at Ieast to within 1 dB over the frequency range of
i ; . If necessary, a

fixed attenuator shall be connected at the mput to the filter;

ision carrier frequencies are arranged in groups and only“Complete groups shall be [used,
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d)

e)
f)

4.3
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CW generators, operating at the frequencies of the vision carriers used in the system to
be tested; the tuning accuracy and stability shall be better than + 5 kHz. The number of
generators needed is governed by the number of groups of frequencies used for the tests
(see 4.3.4.1);

a combiner for the signals from the generators;
matching devices, attenuators and filters, etc., to obtain the correct signal levels, matching
conditions and reduction of spurious signals at the input of the system.

.4.3 Connection of equipment

The equipment shall be connected as shown in Figure 2.

Signal ) ‘
gendrators ILE Tte_rs ~ I?P_ffer_
G | ~_ |
o
2 S R :_ A | :
Spectium
- B P analyger
T~ A B
_____ Z - A A A [\J 69
-7 A1 A2
. 4
G ‘ |
AR A EUT
- — 1
IEC

Figure 2 — Connection of test @quipment for the measurement
of non-linear distortion by composite beat

.AI: Measurement procedure
easurement procedure comprises the following steps.

Jonnect point A directly to point B and disconnect the bandpass filter (see Figurg 2).
Adjust the level of each generator for an output level at point A equal to that which will be
present when the system or equipment under test is connected.
A

djust the spectfum’ analyser as follows:
IF bandwidth 30 kHz
video bandwidth 10 Hz
s¢an width 50 kHz/div.
vertical scale 10 dB/div.
scan time 0,5 s/div.

Tune the spectrum analyser so that the vision carrier of the channel in which the
measurement is to be made is centred on the display screen.

Adjust the sensitivity of the spectrum analyser together with its internal and external input
attenuator in such a way that the response to the vision carrier corresponds to a full scale
reference. At the same time, the noise level shall be at least 10 dB lower than the
distortion level expected.

Insert the bandpass filter corresponding to the channel to be measured and adjust the
input attenuator to correct for the attenuation of the filter.

Disconnect the generator for the channel to be measured and terminate the combiner with
its nominal impedance.
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g) Verify that the intermodulation products generated in the spectrum analyser over the entire
channel are at least 20 dB below the distortion ratio required. If this is not the case,

4.3.5 Composite second order beat
4.3.5(1 General

The fest equipment required, the connection of equipment and the measurement procs
are ds for the composite triple-beat measurement but with the following differences.

4.3.5.2 Equipment required

The fest equipment required is the same as described in 4.3.4.2.

4.3.5.3 Measurement procedure

The procedure is as for composite triple beat except that the second order beats arg
clustered\(x 15 kHz) about the exact carrier frequencies but may be clustered (£ 10 kH
+ 0,76"WHz or + 0,25 MHz from them. The carrier/composite second order distortion ratig

disconnect the bandpass filter and repeat steps d) to g) of this procedure with decre
sensitivity of the spectrum analyser.

Note the setting of the sensitivity control.

ased

Connect the signal generator again and repeat steps c¢) to h) of this procedure for all

channels.

Connect the device to be tested between points A and B and reset the signal generators to

obtain the required output levels at point B.

djust the centre frequency of the spectrum analyser as in step c¢) and inser

the

bpropriate bandpass filter.

djust the input attenuator (internal or external) to return the response of the)speq
nalyser to the vision carrier to full scale with the appropriate setting of .ts sens
bntrol (see step h).

5 nominal impedance.

he composite triple beats are clustered within + 15 kHz of the lvision carrier, sq
gnal/composite triple beat ratio can be read directly off the‘\screen of the speq

a
A
a
c
Disconnect the generator for the channel to be measured and terminate-the combiner
it
T
S
ahalyser.

A

djust the attenuator A1 of Figure 2 to obtain the requited signal/composite triple
atio and compensate for the change in output level by using attenuator A2.

—

Measure the signal level at the output of the equipmént under test.
Rlepeat steps k) to p) of this procedure for every<channel used in this test.
T

he worst-case maximum output level givingthe required signal to composite triple
ratio shall be noted for publication.

trum
tivity

with

b the
trum

beat

beat

dure

b not
z) at

can

be read directly off the screen of the spectrum analyser.

For composite second order, it is also necessary to measure the beats close to the channel at
48,25 MHz or, where this is not possible with the equipment under test, at the lowest
frequency available. Although it is not essential to have the carrier present at this frequency,
it may be useful for reference purposes. In this case, the second order beats are clustered
around 48,00 MHz + 10 kHz and so again may be read directly off the screen of the spectrum
analyser.

The worst-case maximum output level giving the required signal to composite second order
distortion ratio shall be noted for publication.
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4.3 .7
Undeg

N\
4.3.6 Method of measu grﬁent of non-linearity for pure digital channel load

4.3.6.1 General O®

This [method of ggurement is based on the capability of an amplifier when handling p full
load pf DVB-Cg@Signals.

4.3.6[.2 Oﬁaximum operating level using the measurement of bit error ratio (BER)

4.3.6[.2% Bit error rate in the forward path

4.3.6.2.1.1 General

The method of measurement describes the measurement of the bit error ratio (BER) (before
Reed Solomon decoder of the measurement receiver) of the output signal of the equipment
under test (EUT) (e.g. an amplifier).

This test is able to define the performance (maximum output level) of the EUT when loaded
with a high number (N < 138) of digitally modulated signals in the 256 QAM format covering a
frequency range from 110 MHz to 1 214 MHz with a raster of 8 MHz, or a part of it, for
example 110 MHz to 1 006 MHz or 262 MHz to 1 214 MHz.

The measurement shall be performed for the following three channels:
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the lowest RF channel according to the specified operating frequency range of the EU

T;

the highest RF channel according to the specified operating frequency range of the EUT;

an RF channel at the arithmetic mean between the lowest and the highest RF channels

according to a) and b).

NOTE Examples of these measurement channels are given in Annex A.

The worst case value of U4, (N Of the EUT out of the three measured values according to a)
to c) shall be presented together with the worst-case channel.

4.3.6.2.1.2 Equipment required

The ¢quipment required is the following:

a)

All applied QAM channels (channel load and measurement channels) shall have the
outpuyt level within a deviation of maximum %.0¢5 dB.

The fotal BER introduced by source andamneasurement equipment shall not exceed 1 x 10

4.3.6(.2.1.3 Connection of eqiipment

Conrlect the measuring equjpment as indicated in Figure 3. The input signal is applied t
equigment under test (EUT)”input and its output signal level is measured by means
suitaple measuring recejver, connected to a BER measuring set if not included in
meaguring receiver.

alnumber N of 256 QAM modulators (with channel coders) having a suitable, finearity
better than 1 x 10710) and an occupied bandwidth of 8 MHz. The channets ‘generatd
e modulators shall be placed in the frequency range from 110 MHz to 1,214 MHz o
Lbset of this frequency range with a raster of 8 MHz;

number N of null packet or of pseudo-random bit sequence (PRBS) generators
hnex A);

wide-band amplifier with suitable linearity and gain overnthe full bandwidth of the EU
Fecision attenuators (1 dB steps) to be placed before and after EUT;

test receiver able to measure the BER of the «fegeived 256 QAM signals; its distd
hould be sufficiently lower than that to be measuted (e.g. a BER better than 1 x 10~1

v

G Channel
J-L coder 1

t
s
a
A
alcombiner for the output signals of the 256 QAM modulators® with negligible distortion;
a
p
a
s

BER
d by
Fin a

(see

rtion
0)_

pame

-10,

DO the
of a
the

!
/

[
H

; ; el el
) C:fi;e' - ) 4 CA] BER

Z 4.|)_/‘ A 1 EUT > A —bK —»] measuring
set
e S S — » <

—_——— e e —_— » Variable Variable Measuring
attenuator A attenuator B receiver with

RF demodulator
G [~ Channel
I | |—{ coder
S

Null packet
or PRBS RF-modulator
generator

Figure 3 — BER measurement test configuration

4.3.6.2.1.4 Measurement procedure

The measurement shall be performed according to the steps described hereinafter.

IEC
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f)

g)

k)
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Tune the measuring receiver to an operating channel.

Measure the performance of the test configuration by connecting the output of the variable
attenuator A directly to the input of the variable attenuator B. Reduce the attenuation of
the variable attenuator A to 0 dB and setting the variable attenuator B to a value that
allows the best performance of the measuring receiver in terms of BER (<1 x 10710
measured over an observation time > 10 min). Note the level of the signal applied to the
measuring receiver and the BER),,5 value obtained.

Connect the EUT between the variable attenuator A and the variable attenuator B.
The equipment under test shall be operated at nominal gain and with nominal slope.

Using the variable a 19 1tpu anal level of the 0 a value
af least 10 dB lower than the maximum value (according to the methods of meas%ement
described in 4.3.4 using the CENELEC 42-channel test frequency plan); set t iable
aftenuator B so as to obtain the previously determined optimum signal level ingut of
the measuring receiver. N
Read the BER on the measuring set which shall be <1 x 1079 (nﬁ%ured ovdr an
opservation time > 60 s). Oy
/

Using the attenuator A, increase the output level of all applied ¢ els by 1 dB anf set
the variable attenuator B so as to obtain the previously determi ptimum signal leyel at
the input of the measuring receiver. (b

epeat procedure g) until the BER measuring set shows glje >1x 1079,

R

Then reduce the output level of all applied channékg\by 1 dB and set the valliable
aftenuator B so as to obtain the previously determir@d@ptimum signal level at the ingut of
tHe measuring receiver.

Read the BER on the measuring set which on eQ‘nore shall be <1 x 1079 (measured|over
ah observation time of > 60 s). If not, repea s\& i).

Note the output level of the EUT which \r&@;esents the maximum operating output level of
the EUT. b\

This [procedure shall be repeated fori€adch channel as defined in 4.3.6.2.1.1 and the yorst

case|(lowest value of the maximum&o rating output level) shall be determined.

4.3.6.2.1.5 Presentation@e results

chanpels applied and
wors}-case channel@ ition shall be determined.

The Wworst case value oé the maximum operating output level Up,, (y) of the EUT, with N

If thel three tes@nnels are applied to an amplifier with frequency slope, the same methpd of

X

essed in dB (nV), as defined in 4.3.6.2.1.1 shall be published| The

measuremer@ all be applied as for amplifiers without frequency slope. But in this casqg, the

measgu

maxinug’;@erating output level of the EUT shall always be stated for the hi¥hest

nt channel, taking into account the relative slope value (slope value differ¢nce)

betwe he worst case channel and the highest measurement channel.

The frequency response (slope) of the EUT used for the measurements shall be published.

4.3.6.2.2 Bit error rate in the return path

4.3.6.2.2.1 General

The method of measurement describes the measurement of the bit error ratio (BER) (before
Reed Solomon decoder of the measurement receiver) of the output signal of the equipment
under test (EUT) (e.g. a return path amplifier) when handling a full load of DVB-C signals.

To simplify matters, DVB-C signals are used to simulate DOCSIS signals (according to
e.g. ETSI EN 302 878 series) usually used in cable networks for data transmission purposes.
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The method of measurement is applicable in the return path frequency range (5 MHz to
65 MHz) as well as in the extended return path frequency ranges.

For EUT designed for the return path frequency range (5 MHz to 65 MHz), this test is able to
define the performance (maximum input level) of the EUT when loaded with a number N = 6 of
digitally modulated signals in the 256 QAM format covering a maximum frequency range from
11 MHz to 59 MHz for full channel load with a raster of 8 MHz.

For EUT designed for the extended return path frequency ranges, this test is able to define
the performance (maximum input level) of the EUT when loaded with a number N of digitally
modulated signals in the 256 QAM format. See Table 1 for detailed loading.

The |maximum operating input level is defined for a limit value of the bit eror [ratio
BER[< 1 x 1079. The measurements shall be performed using the measuremery\ ramgters
as dgscribed herelnafter

4.3.6(2.2.2 Measurement parameters for full channel load "b

The measurement parameters for full channel load are given in Tabler\ﬂ/

Table 1 — Measurement parameters for full @annel load

Return path Extended return Extended return path
frequency range frequency frequency range 3
(5 MHz to 65 MHz) (5 MHz to/8§\lle) (5 MHz to 204 MHz)
Moddilation format QM QAM
Symbpol rate Q\\§\6,9 MSymb/s
Channel bandwidth @ 8 MHz
Numper of channels 6 s\'\‘ 9 24

Charnel raster with 15, 23, 31, 39, 47 anﬁ\ 15, 23, 31, 39, 47, 55, 63, | 15, 23, 31, 39, 47, 55, 63, 7,

centfe frequencies 55 MHz O 71, and 79 MHz 79, 87, 95, 103, 111, 119, 127,
X 135, 143, 151, 159, 167, 178,
& 183, 191, and 199 MHz
BER|limit value C)\\ <1x107°

The measurement anel shall be the lowest channel, a centre channel and the highest

chanhel. @

The yorst- value of Up,y (v for the EUT out of the measured BER values at the diffprent
meagure channels shall be presented as Upay (v):

N | .
4.3.6:2-2: crtrired

The equipment required is as follows:

a) a number N of 256 QAM modulators (with channel coders) having a suitable linearity (BER
better than 1 x 10710) and an occupied bandwidth of 8 MHz;

b) a number N of null packet or of pseudo-random bit sequence (PRBS) generators (see
Annex A);

c) a combiner for the output signals of the 256 QAM modulators with negligible distortion;
d) a wide band amplifier with suitable linearity and gain over the full bandwidth of the EUT,;
e) precision attenuators (1 dB steps) to be placed in front of and behind the EUT;
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f) a test receiver able to measure the BER of the received 256 QAM signals; the receiver’s
distortion performance should be sufficiently lower than that to be measured (e.g. a BER
better than 1 x 10710).

All applied QAM channels (load channels and measurement channels) shall have the same
input level within a deviation of a maximum of +0,5 dB.

The total BERgq,ce introduced by source and measurement equipment shall not exceed
1% 10710,

4.3.6.2.2.4 Connection of equipment

Conrlect the measuring equipment as indicated in Figure 3. The input signal is appl'e‘d&to the
equigment under test (EUT) input and its output signal level is measured by s|of a
suitaple measuring receiver, connected to a BER measuring set if not ir}g\{ded in the
meaguring receiver itself. (19

4.3.6.2.2.5 Measurement procedure Q)fb
The fneasurement shall be performed according to the steps descri ereinafter.
a) Tlune the measuring receiver to an operating channel. C)(b

b) Measure the performance of the test configuration by ¢ n{écting the output of the vaijiable
aftenuator A directly to the input of the variable atte tor B. Reduce the attenuatipn of
the variable attenuator A to 0 dB and set the varia attenuator B to a value that ajlows

the best performance of the measuring rece'&@ in terms of BERgy e (<1 % 10710

easured over an observation time > 10 min ote the level of the signal applied tp the
easuring receiver and the BER,,,5 value ned.

onnect the EUT between the variable atténuator A and the variable attenuator B.

d) The EUT shall be operated at nomin%’éain and with nominal slope. All settings (vatiable
ghin and/or slope) shall be set to zerg;

N
sing the variable attenuator A I;t the channel output signal level of the EUT to a value
af least 10 dB lower than the “é&iected maximum value. Set the variable attenuator|B so

ap to obtain the previousl< rmined optimum signal level at the input of the measpring
rg¢ceiver. C)\

f) Read the BERyo,s Q0 the measuring set, which shall be <1 x 1079 (measured ovgr an
opservation time > ).

g) Using the attem@por A, increase the input level of all applied channels by 1 dB and sqt the

variable atte tor B so as to obtain the previously determined optimum signal level at the
input of th asuring receiver.

h) Repea edures g) and h) until the BER measuring set shows a value > 1 x 1079.|Now
reduce the input level of all applied channels by 1 dB and set the variable attenuator(B so
a btain the previously determined optimum signal level at the input of the measpring

r€Ceiver:

i) Read the BER);,,5 ON the measuring set which once more shall be <1 x 1079 (measured
over an observation time of > 60 s).

j) Note the input level Upay input (v) Of the EUT which represents the maximum operating
input level of the EUT at the measured channel.
4.3.6.2.2.6 Presentation of results

The worst-case value of the maximum operating input level Upay input (v) ©f the EUT at full
gain, with N channels applied and expressed in dB (pV/Hz), as defined in 4.3.6.2.2.5j shall be
published.
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For single house amplifiers the output level U,y output (v) €8N be used instead of Upyayiinput
~y - Such return path in-house amplifiers typically have the adjustable attenuator at the input
of the return path amplifier to avoid overloading of the return path amplifier.

The frequency slope of the EUT used for the measurements shall be published.

4.3.6.3 Measurement of the composite intermodulation noise ratio CINR
4.3.6.3.1 General

In addition to the measurement of the maximum operating level Uy, (y) of broadband
equigment at the borderline of the DIt error ratio (1 X 10 ) according to 4.5.% the
carrig¢r-to-interference noise ratio shall be determined.

4.3.63.2  Equipment required K\
Q
Figure 4 shows the measurement test setup. (l/
fb’
The Iquipment required is the following: ,\(f,b
a) for the forward path, use the full channel loading described @Q.3.6.2.1.1; for the return

ppth use the channel loading shown in Table 1;

alnumber N of null packet or of pseudo-random bit sequi (PRBS) generators;
alcombiner for the output signals of the 256 QAM m L%\tors with negligible distortion;

d) alwide-band amplifier with suitable linearity and@over the full bandwidth of the EUT,;
p
a
a

recision attenuators (1 dB steps) with suffi:\‘}ﬁn attenuation range to be placed bgfore
hd after the EUT;

f) spectrum analyser able to measure th%gNR in a non-occupied measurement channel.

All applied QAM channels (channel loggd*and measurement channels) shall have the $ame

outpyt level within a deviation of maxi-rh\;m + 0,5 dB.

xO

The ¢omplete measurement se@as described above should have a CINR > 60 dB.
N

If the¢ shoulder attenuation, of the modulators is not sufficient, or in the case of regidual
genefal spurious sign nsmitted by the modulators, a notch filter (dashed box in Figure 4)
should be inserted @)nt of the EUT to achieve, for the test equipment, the required CINR

valud > 60 dB. @

Furthermore@ CINR value of the test equipment can be improved by inserting a bandpass
filter jat tréi,%\put of the spectrum analyser (dashed box in Figure 4). In this case, the minimum
attenjuatien’ of the variable attenuator B shall not go below a limit of 5 dB to ensure sufficient
broa<|1 d impedance matching and appropriate return loss for correct measurement restilts.
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4.3.6.3.3 Connection of the equipment

IEC

Figure 4 — CINR measurement test setup

Conrlect the measuring equipment as indicated in Figure 4. The input _sighal is applied tp the
equigment under test (EUT) input and its output signal level is medsured by means|of a

suitaple spectrum analyser.

4.3.6.3.4 Measurement procedure

The mneasurement shall be performed according to the steps described hereinafter.

a)

b)

c)

d)

e)

f)
g)

h)

Tlune the spectrum analyser to the channel to bg\measured in the used frequency |pand
and measure the system level as reference. Jhe system level is defined as the le\el of
he of the occupied QAM channels. Switchyeff' the channel modulator temporarily fgr the
INR measurement.

0

d

Measure the performance of the test setup connecting directly the output of the valfiable
aftenuator A to the input of the vagiable attenuator B, reducing the attenuation o’l! the
variable attenuator A to 0 dB and.setting the variable attenuator B to a value that ajlows
the best performance of the spestrum analyser in terms of CINR. Note the value of CINR
btained by subtracting the measured noise signal level from the system level. This is the
hlue CINRgyg (in dB) ofthe measuring system that shall be subtracted from the

easured values, to obtain ‘performance of the EUT.
onnect the EUT betWweén the variable attenuator A and the variable attenuator B.

sing the variable attenuator A, set the channel output signal level of the EUT at a yalue
least 20@B*lower than the maximum value U,,,, according to Figure 4 for which it has
ben dedigned; set the variable attenuator B so as to obtain the previously determined

o]
v
m
G
The equipment under test shall be operated at nominal gain and with nominal slope.
U
a
b
optimufsignal level at the input of the spectrum analyser.

Riead the value CINRygag ON the spectrum analyser.

Calculate the value CINRg 7 (in dB) of the EUT by subtracting the system performance
CINRgyg from the measured value CINRyeps, USing the following formula:

-CINRyEAS - CINRgys
CINRgyr =-10Ig|10 10 _10 10

Using the attenuator A, increase the output level of all applied channels at the EUT in
steps of 1 dB and set the variable attenuator B so as to obtain the previously determined
optimum signal level at the input of the spectrum analyser; measure again the CINRygas
on the measuring set and the channel output signal level of the EUT.

When the channel output level of the EUT approaches its upper limit, non-linear distortion
appears and the CINR decreases sharply.



https://iecnorm.com/api/?name=44647b0be3fefbf34a63d53881fc2297

- 38 - IEC 60728-3:2017 RLV © IEC 2017

j) Plot a graph of the CINRg 1 referred to the channel output signal level in dBuV for the
forward path, and referred to the channel signal input level in dB(uV/Hz) for the return
path. An example of the plot of CINRg t versus channel output level of EUT is shown in
Figure 5.

NOTE The EUT channel output signal level is obtained from the level measured with the spectrum analyser
adding the attenuation due to the attenuator B and the band pass filter (if used).

A

»
o

4

CINR EUT (dB)

\
/

50

45 \
0 \

35

30 >
85 90 95 100 105 110 115

EUT channel output signal level/dBuV
IEC

Figure 5 — Plot of CINR in dB curve (forward path) versus EUT channel output
signal level in'dBuV

This procedure shall be repeated for each of the three channels, as defined in 4.2.6.2.1.1}

4.3.6.3.5 Presentation of the results

The Worst-case CINR curve out of the'three measured CINR curves according to 4.2.6.2.1.1
shall|be presented. The CINR curve& for the forward path is a function of the output leyel in
dBp\, and for the return path adunction of the input level in dBuV/Hz.

NOTE| Examples of these measurement channels for the forward path are given in Annex D.
4.3.7 Hum modulation of carrier
4.3.711 Definition

The interference ratio for hum modulation is given by the ratio, expressed in dB, betweep the
peaktto-peak'value (4) of the unmodulated carrier and the peak-to-peak value, a, of one ¢f the
two gnyvelepes caused by the hum modulated to this carrier (see Figure 6).
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Figure 6 — Carrier/hum ratio

4.3.7.2 Description of the method of measurement

4.3.7.2.1 General

This [method of measurement is valid for radio and TV signal equipment within a
netwprk that is supplied with alternating current, 50 Hz.

For

measuring purposes, sinusoidal voltages from a soutce’ with sufficient low o

impefdance are used. Taking into account the maximum admissible voltage or the max
admigsible current, the worst value for the operating frequéncy range shall be published.

NOTE| For cable networks, the peak value of the supply voltage“or of the supply current can be higher th
value fesulting from calculation using the corresponding waveform factor.

To mleasure the test object, an oscilloscope mgthod is used.

43.

7.2.2 Test equipment required

The following test equipment is required:

43.

Hjustable voltage source;
briable load resistor;

bwer inserter;

a

v

p

variable attenuatoer;
opcilloscope;
voltmeter(RMS);
ampere-meter;

tynable RF signal generator with sufficient phase noise and hum modulation

cable

utput
mum

hn the

ratio,

cluding AN Tapabitity (400 HzZ);

detector including (battery powered) LF-amplifier and 1 kHz LP-filter in the output, to

suppress low frequency distortion (A HP-filter shall be used at the input).

7.2.3 Connection of test equipment

The connection scheme for local-powered test objects is shown in Figure 7. The connection
scheme for remote-powered test objects is shown in Figure 8.
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Figure 7 — Test set-up for local-powered objéects
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Eigure 8 — Test set-up for remote-powered objects

4.3.7.3 Measuring procedure

4.3.7.3.1 Set-up of calibration

Th foaranna qianal o aanmaratad by, oo ona f ik RE qicanal acnarotar ch v 1 i, » 4 d
e referenrce STyrar IS ygoTrmeTatCU oy moarntS UT aTe— T Sigrar goTeTator—STTowTr i T iguTT an

Figure 8. Select an RF carrier frequency that suits the TV channel under consideration and
modulate it to a depth of 1 % at a frequency of 400 Hz. Adjust the RF signal generator to an
appropriate level and read the peak-to-peak value of the demodulated AM signal (¢ in Figure 9)
on the oscilloscope. This is the reference signal. With 1 % modulation this value is

-20 1g (0,01) = 40 dB

The modulation of the signal generator has to be switched off. The remaining value m in
Figure 9 is the value to be measured.
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operating level.

4.3.7

Adjus
supp

Eigure-9—Osciloscope-display
Ei ¥

k the suitability of the measuring set-up by connecting points A and B together
uring the set-up's inherent hum. The calculation of the hum modulation ratio is giv
4. This value should be at least 10 dB better than the values to be measured fo
ment under test. For measurements with set-ups for local powered objects, use the
own in Figure 7 to check. The subsequent measurements shall be carnied out in sui
ments through the entire operating frequency range. The measuredvalue is indeper
b RF level, however, the RF level should be at least the magnitude of the test ob

.3.2 Local-powered test objects

t the test object to maximum or minimum operating‘voltage using the transformer

gene

operating range. Note down the peak-to-peak amplitude ¢ of the demodulated reference s

whic
peak

In ag
curre

4.3.7|.

For lemotely supplied tést objects, generally proceed as described in 4.3.7.3.2. The

differ
there
inclu

4.3.7

4.3.7

o) thft neither the measuring object is overdriven.nor the detector is within a non-admis

rator with the reference signal and adjust the level at point B by means of an atten

is displayed on the oscilloscope. Then.switch off the reference signal and measur
-to-peak value m of the remaining signal:

dition, for test objects with remote supply terminals, adjust the maximum admis
nt for the respective terminal by means of resistor R.
3.3 Remote-powered-test objects

ence is that the/supply energy is routed to the equipment via an RF terminal. In

Jed in the measurement procedure in a suitable manner.

.4 Calculating the hum modulation ratio

.41 Frequency range

and
eEN in
r the
set-
table
dent
ect's

The

y current depends on the power requirement of,‘the test object. Modulate the dignal

uator
sible
ignal
e the

sible

only
case

are several RF interfaces available for power insertion, each of these interfaces shall be

The considered frequency range for the hum is from 50 Hz to 1 kHz.

4.3.7

4.2 Individual object

Hum modulation ratio Hum [EUT] = 40 + 20 Ig(c/m)[dB] for 1 % reference modulation depth

For other chosen reference modulation depth, the value 40 dB has to be replaced by the
result of the term: -20 Ig(modulation depth).

4.3.7

4.3 Cascaded test objects

For high-hum modulation ratios, it can be useful to cascade several test objects for better
determination of the measuring values. Then, for calculating the individual object, use the
following formula:
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—42 —

Hum modulation ratio ¢4scaded) + 20 19 # [dB]

Hum modulation ratio gy

where

is the number of cascaded test objects.

n

Loop value correction

43.74.4

In case a set-up calibration correction is required, use the following formula:

calibration correction

measured value
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Presentation of results

4.3.7.4.5

The results shall declare whether the measurement is for one or for two ports.
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4.4 Noise figure
4.4.1 General

Normally the noise figure is measured using either a calibrated noise generator suitable for
the required frequency range or, more conveniently, with an automatic noise figure meter
using an excess noise source.

The following clauses describe the "twice power" method of measurement using a calibrated
noise generator.

4.4.2 Equipment required

The following equipment is required:

a) alnoise generator (excess noise source) suitable for the frequency range-in.use with dB,
or kTg, calibration;

b) a|3-dB attenuator;

c) alfrequency selective power meter (voltmeter).

4.4.3 Connection of equipment

The ¢quipment is connected as in Figure 10. The connection\between the noise generatof and
the elquipment under test should be short. The impedance gf.all equipment should be 75 Q.

C O ey IOV S N

Q A & Selective
power

Noise
generator 3 dB pad

IEC

Figure 10 — Measurement of noise figure

4.4.4 Measurement procedure
The measurement procedure comprises the following steps:

a) spt a convenient feference on the power meter at the wanted frequency without the |3-dB

s
aftenuator and without additional noise at the input port of the equipment under test (noise
9
i

nerator turpned off); the measured noise level should be at least 10 dB higher thah the
dication-0f the power meter if its input is terminated in 75 Q. The bandwidth of the power
eter should be adjusted to obtain a stable reading;

b) insert.the 3-dB attenuator and increase the noise generator output level until the power
eter'returns to the original reference level;

c) read the noise figure from the noise generator;

d) repeat steps a) to c) at different frequencies across the band; the worst case shall be
stated.

4.5 Crosstalk attenuation

4.51 Crosstalk attenuation for loop-through ports

4.5.1.1 General

Each loop through port corresponds to one input port. Due to crosstalk, a loop-through port of
a multi-switch carries besides the corresponding input signal interfering signals from other

input ports. Therefore, the crosstalk attenuation between input ports is an important
parameter.
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4.5.1.2 Equipment required

A network analyser is required.

4.5.1.3 Measurement procedure over the operating satellite IF frequency range

The measurement procedure comprises the following steps:

2017

a) connect the network analyser reflection port to multi-switch input port 1 (see Figure 11);

b) connect the multi-switch loop through port 1 to the network analyser transmission
loop through port 1 corresponds to input port 1;

port;

—

c) terminate all unused ports;

d) njeasure the attenuation between the input port 1 and the loop through port 1; let.a{ b
aftenuation in decibels over the operating frequency range;

e the

e) cpnnect the network analyser reflection port to another multi-switch-input_port, for example

nput port 2;

f) tgrminate all unused ports;

g) nleasure the attenuation between the input port 2 and the loop tfough port 1; let a, b
aftenuation in decibels over the operating frequency range.

The yorst-case crosstalk attenuation in decibels is the minimum~of a, — a4 over the oper
satellite IF frequency range.

4.5.2 Crosstalk attenuation for output ports
4.5.2(1 General

Due fo crosstalk, an output port of a multi-switch carries, besides the selected input si
interflering signals from other input ports. Therefore, the crosstalk attenuation between
ports|is an important parameter.

In addition to electromagnetic coupling between leads, unwanted signals at the output
are dque to imperfect isolation peérformance of the switches. Crosstalk attenuation for o
ports|is the combination of both;

4.5.2(2 Equipment required

The following equiptnent is required:

a) ngetwork analyser;
b) blas-tee\(see Figure 8);

c) slandard satellite receiver.

e the

ating

gnal,
input

port
utput

The measurement procedure comprises the following steps:

a) connect the multi-switch output port to the bias-tee RF and DC port;
b) connect the bias-tee RF port to the network analyser transmission port;
c) connect the bias-tee DC port to the satellite receiver;

d) set the satellite receiver to generate control signals that select input port 1 of the multi-

switch;
e) connect the network analyser reflection port to multi-switch input port 1;

f) terminate all unused ports;

g) measure the attenuation between the selected input port 1 and the output port; let a1 be

the attenuation in decibels over the operating frequency range;
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h) connect the network analyser reflection port to another multi-switch input port, for example
port 2;

i) terminate all unused ports;

j) measure the attenuation between the not selected input port 2 and the output port; let a,
be the attenuation in decibels over the operating frequency range.

The worst-case crosstalk attenuation in decibels is the minimum of a, — a4 over the operating
satellite IF frequency range.
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Figure 11 — Measurement of crosstalk attenuation for loop

4.6 Measurement of composite-intermodulation noise ratio (CINR) noise
power ratio (NPR)

4.6.1 General

Non-linearity of return path equipment carrying only digital modulated signals can be
measured using different methods. If DVB-C test signals are not available, the most prevalent
method is the noise-in-gap measurement.


https://iecnorm.com/api/?name=44647b0be3fefbf34a63d53881fc2297

IEC 60728-3:2017 RLV © IEC 2017

— 48 —

Distortion caused by noise is also noise. The measurement of distortion noise is possible, if a

small gap of the noise is removed before the noise enters the equipment under test. The
equipment is loaded with wideband noise and a small gap of the noise is removed before the

the

e

A A~

enters the equipment under test. While changing the level of the loading noise, the gap
re or less filled with distortion noise. The ratio between the original loading signal (njoise)
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Equipment required

conforming, to.the requirements of Figure 12 and Table 2;

and ahe distortion noise is measured and plotted.

ism

nois

c) The multi-tone measurement

In_thlis method two --arcuns-of more-than ten C\W. _tones are nresentedat-the innut

Tt po— et oG

aauinmaent undar tast

betwbaen the total nowear of the two arouns of C\W tones and the neiséd nlus distortion-nower in
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Wheh the sianallevelis low thermal noise (orotherconstant noise-such-as RIN-of laserd) will
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4.6.2

The following equipment is required:

a) a|source of white Gaussian noise* covering the frequency band of the equipment {o be

tgsted;

b) alfilter to shape the noise-&s-shown-in-Figure—14-forfrequencies—as—given-in which [shall

limit the noise bandwidth 0 the bandwidth of the EUT and also add a notch to the noise

spectrum

c) a|spectrumianalyser;

d) al|variable 75 Q attenuator, adjustable in 1 dB steps.
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Figure 12 — Characteristic of the noise filter
Table 2 — Notch filter frequencies
Frequency range Notch filter frequency
flow to fhigh f
MHz
5 MHz to-30-MHz 12 175 22
5 MHz to-50-MHz 22 275 35
5 MHz to-65-MHz 275 35 48
b5 MHz to 65 MHz 27,5 35 48
5 MHz to 85 MHz 27,5 48 66
3 MHz to 204 MHz 30,5 100 160

4.6.3 Connection of equipment

The equipment shall ;be connected as in Figure 13. The filter can alternatively cons
sevefal cascaded filter modules. i i

X

kT

A

4

A B

S

st of

e

Spectrum
analyzer

IEC

Figure 13 — Test setup for the non-linearity measurement

4.6.4 Measurement procedure

Because the digitally modulated signal is similar in characteristics to white noise, an accurate
power density measurement can be performed using the marker noise function of a spectrum

analyser.

a) Connect point A directly to point B.
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b) Adjust the spectrum analyser as follows:

resolution bandwidth: 30 kHz;
video bandwidth: 100 kHz;

2017

NOTE Necessary the required averaging-may can be achieved by-sufficient long sweep

times or by a sample detector, which makes level correction for noise m
measurement possible;

start and stop frequency: as required;
detector type: RMS vertical scale 5 dB/div.

arker

c) Adjust the sensitivity of the spectrum analyser to maximise the dynamic range. If the

spectrum analyser does not provide enough dynamic range to measure a high notch depth,
albandpass filter may be added in front of the spectrum analyser that should pass enjough
of the signal and the notch so that both signal and notch level-could can be“measpred.
The signal level for maximum dynamic range should be fixed as the reference level.

d) Connect the equipment under test between points A and B, adjust the gain of the dgvice
fgr maximum gain and readjust the input attenuator of the spectrum-"analyser to the
re¢ference level.

e) While adjusting the variable attenuator, always be sure to readjust the input attenuator of
the spectrum analyser to the reference level for maximum dygamic range. Verify thgt the
ahalyser noise floor is sufficiently (> 10 dB) below notch level, otherwise use a
npise-near-correction table. Verify that the analyser’s contribution to the intermodulation is
nggligible.

f) Measure the level of the wideband noise density inddBuV {mW/Hz) at point-B A. Measure
aINR NPR as the difference of the values of the noise inside and outside of the gap qf the
nptch filter.

g) The measurement shall be done at the three<given frequencies according to Table 2.

4.6.5 Presentation of the results

The fvorst caseof the results shall-be-plotted-in-dB-of the composite-intermodulationhoise

ratiol (CINRY gt he  considered noteh- freauencyvy versus the outnut nower densitle P

matro \\/livl\/ at L1R A2 CTOTTOTOTTTT TTOoTtoTT llu\1uulluy AAAR"A~ ] oo oot ut PoOWoT TTTTOoTC T d

The fesults shall be plotted in"dB of the noise power ratio (NPR) at the considered motch

frequency versus the input-voltage Ui, in dBuV/Hz (Figure 14).

For 4
for th

ingle house anmtifiers the output level Uyt in dBuV/Hz can be used instead of
e same reaso@n.as described in 4.3.6.2.2.6.

]input



https://iecnorm.com/api/?name=44647b0be3fefbf34a63d53881fc2297

-51 - IEC 60728-3:2017 RLV © IEC 2017

CINR
dB

Pd out
dB(pW/Hz)

IEC 2516/1Q

Py-=P—101g-(By)

B, is-the-bandwidth-in-Hz-

W

NPR A
dB

N

|

Uinput
dBuV/Hz
IEC

Figure 14 — Presentation of the result of CINR NPR

The |ndication of the best possible notch depth leads to incorrect-data assumptions about
interrm:bfm—pahmmnmﬁthe—emmm—beme—m—ﬂmw—w f fS—St i f oise

does not dominate thermal noise. The results are highly dependent on the thermal noise
performance of the equipment. For this reason, it is very useful to plot depths of the notch at
its centre frequency versus several high output levels, to be sure—te—reach—the that
measurements are taken at signal levels where distortion noise dominates.
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18,75 dB{u\)-corresponds-to0-dB{(pW)at 75-Q

4.7

4.71

Immunity to surge voltages

General

2017

Surge voltages can occur at the coaxial inputs and outputs of CATV amplifiers by means of
direct or indirect lightning-strekes strikes. These surge voltages are simulated by the method
of measurement described hereinafter in order to check the immunity and the protection
measures of the relevant amplifier.

A sJdrge voltage test used for an embedded power supply unit shall be performe

acco

A surge voltage test applied to the power supply port is under consideration.

4.7.2

A su
open

The
spec

NOTE|

4.7.3

The ¢quipment shall be connected as shown'in Figure 15.

4.7.4

dance with-the-applied-safety-standard;—either lEC-60065-0r HEC-60950-1 |EC 62368

Equipment required

-circuit voltage of up to 6 kV (peak value).

connection between the surge generator and the EUT"shall be performed using
fic cable delivered by the manufacturer as an accessopy to the surge generator.

Further studies are needed.

Connection of equipment

§ EUT

IEC

d in
-1.

Fge generator with a pulse shape 1,2/50 us according to IE€*61000-4-5 but with an

) the

Figure 15 — Measurement set-up for surge immunity test

Measurement procedure

Signal ports that have remote AC powering possibility should be tested with and without

remo

te AC power routing.

Five positive and five negative surge voltage pulses shall be applied to the inner conductor of
the relevant coaxial inputs and outputs. The tests are limited to ports where, according to the
manufacturer’s information, cables of a length > 30 m are connected.

NOTE By this limitation to cable lengths > 30 m, the tests at control and similar outputs should
be avoided.
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5 Equipment requirements

5.1 General requirements

2017

Where the standard calls for performance figures to be published, these shall be stated,

if appropriate, for each input and output port.

Published performance figures shall apply when the methods of measurement given in

Clause 4, or equivalent methods, are used.

Service_and-installation instructions should be available

5.2 | Safety

The felevant safety requirements as laid down in IEC 60728-11 shall be met.

5.3 | Electromagnetic compatibility (EMC)

The felevant EMC requirements as laid down in IEC 60728-2 shall be'mét.

5.4 | Frequency range

The frequency range or ranges, over which the equipment i§_specified, shall be published]

5.5 | Impedance and return loss

The nominal impedance-shal should be 75 Q un-symmetrical-er100-Q-symmetrical.

All input and outptt ports of the unit shall meet the specification under all specified cond
of agitomatic dad manual gain and slope controls and with any combination of pl
equaljisers afid)attenuators fitted.

Ampliifier return loss requirements are dependent on its position and purpose in the syste

15

tions
ug-in

The manufacturers shall state the return loss-categery of-each an amplifier.

Examples of return loss requirements are given in Table 3.
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Table 3 — Example of return loss requirements-ferall-equipment

Category brocoopo oo Frocleommapt

5 to 49, MHz 213 dB
Return path 10%06 40 MHz > 18 dB
40 to 204 MHz > 18 dB - 1,5 dB/octave
40 to 1794 MHz > 18 dB - 1,5 dB/octave
Forward path but = 12 dB
1794 to 3000 MHz 12 dB decreasing linearly to 6{dB

5.6 | Gain
5.6.1 Minimum'and maximum gain

The minimum~and maximum guaranteed gain of the amplifier, in dB, at the highest spegtified
frequency shall be published.

5.6.2 Gain control

The range, in dB, of any gain control shall be published.

5.6.3 Slope and slope control
The characteristic of any fixed slope, if fitted, and cable characteristic for that slope, shall be

published. This shall be in the form of a formula showing the relationship between attenuation,
in dB, and frequency, or the particular test cable used for the factory test shall be stated.

The range, in dB, of any variable slope control, relative to the mean value, shall be published.
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5.7 Flatness

The flatness of the amplitude frequency response from the input to the output ports shall be
published. Slope is assumed to be eliminated either by calculation or by cable.

The flatness specification shall be achieved in all specified conditions of automatic and
manual gain controls and also with any combination of plug-in equalisers and attenuators
specified for the device.

5.8 | Test points

Test|points shall be 75 Q or adapted to 75 Q through a test probe. The return loss |shall
corrgspond to that-ef-the—quality-grade—of the—amplifieraccording-to given. in Table 3| The

attenuation and flatness shall be published.

5.9 | Noise figure

The mmaximum noise figure overthe specified frequency range shall be published.

5.10| Non-linear distortion
5.101 General

If the¢ amplifier is\\designed for sloped operation, measurements shall be carried out| with
slopgd output.

The fests outlined are applicable to various categories of amplifiers as follows:

a) f: r ulirlr\hﬁnld

Or—vwracioart

not used for satellite IF signals: composite triple beat, com
b) for amplifiers operating in the range above 950 MHz, usually with satellite IF signals:
second order and third order distortion.

low—-000—4 248 MH4 and

A=amaznmr-i

osite second order—and

o

5.10.2 Second-order distortion

The worst case value shall be published as the output level in dB(unV), that gives 60 dB signal
to distortion ratio, or 35 dB for amplifiers carrying only FM signals in the pass band.

NOTE For some amplifiers (e.g. feed forward), it-may might not be possible to measure 60 dB
signal to distortion ratio. In these cases, the output level for a greater signal to distortion ratio
may be stated.
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3 Third order distortion

The worst case value shall be published as the output level in dB(unV), that gives 60 dB signal
to distortion ratio, or 35 dB for amplifiers carrying only FM signals in the pass band.

NOoTE For some amplifiers (e.g. feed forward), it-may might not be possible to measure 60 dB
signal to distortion ratio. In these cases, the output level for a greater signal to distortion ratio
may be stated.

5.10.

4 Composite triple beat

The
gives

NOTE]
sign3
may

5.10.

The
gives

NOTE
sign3
may

vorst case value over all channels shall be published as the output level in dB(uV)
60 dB signal to distortion ratio.

For some amplifiers (e.g. feed forward), it-may might not be possible to_measure 6
| to distortion ratio. In these cases, the output level for a greater signal-to_distortion
be stated.

5 Composite second order

vorst case value over all channels shall be published as the output level in dB(uV)
60 dB signal to distortion ratio.

For some amplifiers (e.g. feed forward), it-may might not be possible to measure 6
| to distortion ratio. In these cases, the output levél*for a greater signal to distortion
be stated.

that

0dB
ratio

that

0dB
ratio

ratic
Aato-

6 Maximum operating level for pure digital channel load

The

maximum __operating output level U....n achieved by applying the metho

measurement described in 4.2.6.3 shall be publis\:h’ed.

d of

The worst-case value curve for CINRg 1 achieved by applying the method of measurement
described in 4.3.6.3 shall be published.

In addition, the nominal gain and nominal slope of the EUT, applied during the measurements,
be published.

shall
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5.11

Hum modulation

The value of the hum modulation shall be published in dB at the worst case of voltage and

spec
is for

5.12

The f

L4 N

e p
e fd

e tH

fred—peak-currentof theequipment—T e Tesuttshoutddectare whether the measure
1 or 2 ports.

Power supply
ollowing shall be published:

put ACr\s Voltage and frequency range;
bwer consumption to complete amplifier assembly or to each active module;

r modular amplifiers, the DC current and voltage required-for, or given by, each g
odule;

e worst-case peak-to-peak ripple voltage, if the supply voltage is available for ext

nent

ctive

ernal

rs to

uge.
5.13| Environmental
5.13.1 General
Manufacturers shall publish relevant environmental information on their producfs in
accofdance with the requirements of thelpublications listed below. This will enable uss
judge their suitability with regard _to~ four main requirements: storage, transportation,
installation and operation.
IEC 60068-2-48
5.13.2 Transportation
Air freight (combined cold and low pressure) IEC 60068-2-40
Road transport (bump test) IEC-60068-2-29 60068-2-27
Road ttansport (shock test) IEC 60068-2-27
5.13.3 Installation or maintenance
Rough handling shocks IEC 60068-2-31
Free fall test IEC-60068-2-32 60068-2-31
5.13.4 Operation
IP class. Protection provided by enclosures IEC 60529

Climatic category of component or equipment |EC 60068-1
for storage and operation
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Cold IEC 60068-2-1
Dry heat IEC 60068-2-2
Damp heat IEC 60068-2-30
Change of temperature (test Nb) IEC 60068-2-14
Vibration (sinusoidal) IEC 60068-2-6

2017

5.13.'5 Energy efficiency of equipment

Und¢g

5.14
5.14.

All e
numl

5.14.

It is
shoul

547
Undd

5.15
5.15.

Cont
spec

5.15.
The

loop
requi

5.15.

r consideration.

Marking
1 Marking of equipment

nuipment shall be legibly and durably marked with the manudfacturer’'s name and
er.

2 Marking of ports

ecommended that symbols in accordance with the\series IEC 60417 and+EC ISO §
ld be used when marking ports.

M . . | £ail (MTBE)
Requirements for multi-switches
1 Control signals for multisswitches

ol signals shall be complant with the control signals for low-noise block converte
fied in IEC 61319-1 and 1EC 61319-2.

2 Amplitudefrequency response flatness
flathness of-the amplitude frequency response from input to output ports, from inp

through~ports and from terrestrial input to output ports shall be according tdg
remenfs for splitters in IEC 60728-4.

3\ “Return loss

type

0416

[S as

ut to
the

The return loss on all input, output, loop through and terrestrial input ports shall be according
to the requirements for splitters in IEC 60728-4.

5.15.

4 Through loss

The through loss from input to output ports, from input to loop through ports and from
terrestrial input to output ports shall be published for the appropriate frequency ranges.

5.15.

The i

5 Isolation

solation between input ports and between loop through ports shall be published.
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The isolation between output ports that are switched to the same input port shall be according
to the requirements for splitters in IEC 60728-4.

The isolation between output ports that are switched to different input ports shall be published.

NOTE

5.15.

Performance requirements can be derived from system parameters given in IEC 60728-1.

6 Crosstalk attenuation

At an output the crosstalk attenuation between the selected input and another input shall be
measured. The minimum value of all combinations of output ports, input ports and switch

posit
NOTE
5.15,

If the
of th
terre

NOTE
5.16
5.16.

Acco
ampl

1 [T} ) [ 3} 4l ek — : : i
UTTS STTdall D PUbnisIicU. TT1IC TIetnou Ul THedsSurciticlit s yIverlr 1T &.9.

Performance requirements can be derived from system parameters given in IEC 60728-1.
7 Satellite IF to terrestrial signal isolation
multi-switch includes a coupling function for terrestrial signals, thenthe minimum

b attenuation from satellite IF input ports to output ports in the frequency range @
btrial signals shall be published.

Performance requirements can be derived from system parameters given in IEC 60728-1.
Immunity to surge voltages
1 Degrees of testing levels

rding to the degree of testing levels, published*ty the manufacturer of the equipmen

outpuit ports as laid down in Table 4.

After
cons

5.16.

Table 4 — Parameters. of surge voltages for different
degrees of testing levels

Degree of testing Pulse shape Ri Voltage
level
us Q kV
1 1,2/50 2 1
2 1,2/50 2 4
3 1,2/50 2 6

the tests,)ho significant degradation of function (e.g. gain, maximum output level, p
imption) outside the manufacturer’s specification shall occur.

alue
f the

t, the

fier shall withstand surge voltages applied tothe inner conductor of the coaxial inpuf and

ower

N$A Jati f testing level d

The testing level degrees given in Table 5 depend on the application of the equipment and on
environmental conditions. The mentioned "Preferred application to different amplifier types" is
only given for information.
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Table 5 - Recommendations for degree of testing levels

Degree of testing level Voltage Preferred application to
amplifier type
kV
1 1 For in-house equipment
2 4 For underground cabling and

equipment mounted underground
or in strand cabinets

3 6 For exposed equipment
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Annex A
(normative)

Test carriers, levels and intermodulation products

IEC 60728-3:2017 RLV © IEC 2017

A.1  Two signal tests for second- and third-order products
A1.1 Intermodulation products with test signals at frequencies /, and /,,
see Table A1
Table A.1 — Intermodulation products with two signals
Second order 2: P2, = /o =/,
P2=/a* /b
Third order: P3,=2/,-/, where 2/, > /g
P3,= /= 2/, where 2/ <07
P3, =2/, -/,
P3.=2/,+ /,
P3y=2/,% /,
NOTE @ Not applicable to narrow-band equipment unlgess the frequency range
covered by the equipment is such that 2/ . < /
A.1.2 Signal levels
The fwo test carriers shall be set to the referénce level (see Figures A.1 and A.2).
i Y Reference level
Fundamental f; I
Secondjorder P2, P2,
Third’order P3, P3, P3, P3,
IEC

NOTE The sequence of the intermodulation products will depend on the fundamental frequencies chosen.

Figure A.1 — An example showing products formed when 2/, > /4
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Reference level

A A

Fundamental 1 T
Second order P2;a P2b
Third order P3, P3, P3, P3,

IEC

NOTE| The sequence of the intermodulation products will depend on the fundamental frequenciés chosen.

Figure A.2 — An example showing products formed when2/, < A

A.2 [ Three signal tests for third order products — Intermodulation products
with test signals at frequencies /,, /4 and /., sée Table A.2 and Figure|A.3

Table A.2 — Intermodulation products with three signals

Third order: P3,= fo* [y~ /e
P3,= fo* /o= /i
P3, = /ot /e~ /s
P3=/a* /o 0k

NOTE Second and third order products due to any two of the test carriers will also
be present if they fall within.the frequency range of the equipment or system to be

tested.
L Reference level
4 A A A
|
Fundamental fa fb fC
Third order P3f P3q P3h P3i

IEC

Figure A.3 — Products of the form /, * A % /.
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Annex B
(informative)

Test frequency plan for composite triple beat (CTB), composite

second order (CSO)-and-crossmodulation{(XM)-measurement

NOTE In some countries, manufacturers can also give results for other frequency allocation plans on request.

Table B.1 — Frequency allocation plan

| -
rFequency

MHz

48,25 For reference purposes only
119,25
175,25
191,25
207,25
223,25
231,25
247,25
263,25
287,25 GROUP A
311,25
327,25
343,25
359,25
375,25
391,25
407,25
423,25
439,25
447,25
463,25
479,25
495,25 GROUP B
511,25
527,25

42 2L
IO, 2T

567,25

583,25 GROUP C
599,25 (last channel in band 1V)

663,25

679,25

695,25

711,25 GROUP D

727,25

743,25

759,25
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775,25
791,25
807,25
823,25
839,25
855,25

GROUP E

NOTE 1 The test carrier frequency of 48,25 MHz is used as a reference for

measuring the CSO products that fall at 48,00 MHz.

NOTE 2 The test frequencies for CTB and XM measurements are identical to those

el " — 1 . i loriaal ol lo " I " o e
O the eSSt nequeney—praft, SMCe COMpoOSTte— TG OTaeT OCatS arc cruSteTet Wit T

+15 kHz of the test frequency carriers.

NOTE 3 The test frequencies for CSO measurement deviate from those of the test
frequency plan, since composite second order beats are clustered, within +10 kHz
at +0,75 MHz (f, - f, beats) and at -0,75 MHz (f, + f, beats) from the test carriers

(excluding the 48,25 MHz test carrier).
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Annex C
(informative)

Measurement errors that occur due to mismatched equipment

The matching condition is achieved when the error introduced by the mismatch of the
equipment facing the EUT and that of the equipment under test (EUT) is acceptable.
Examples of maximum errors of measurement results are given in Figure C.1 and Figure C.2.

5 4
ol 7
1S
g ®
x
| 5 ™
=
\ \\\\
2 \\\
1 -
0
-1
/-———
-2 —
"]
"
-3 ,/
L—T
_46 7 8 9 10 11 12 13 14~5 16 17 18 19 20
Difference of return\oss between EUT and test equipment
dB
IEC
Figure C.1 — Error concerning return loss measurement
Q@ A
£|m 06
3|©
£
3
S| 05
0,4
0,3
Return loss of the test equipment
0,2
26 dB
32dB
0,1
0 ———t———4——4—4—+—F—F—F—FFFFFF

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Return loss of EUT
dB
IEC

Figure C.2 — Maximum ripple

The return loss of the test equipment should be at least 10 dB better than the expected value
of the EUT.


https://iecnorm.com/api/?name=44647b0be3fefbf34a63d53881fc2297

- 69 - IEC 60728-3:2017 RLV © IEC 2017

Annex D
(informative)

Examples of measurement channels

D.1 Operating frequency range 110 MHz to 1 006 MHz
In the frequency range 110 MHz to 1 006 MHz, the following measurement channels should
be used:
e Igqwest RF channel frequency range: 110 MHz to 118 MHz Q
e hlghest RF channel frequency range: 998 MHz to 1 006 MHz Qy
e RIF channel at arithmetic mean frequency range: 550 MHz to 558 MHzr<\
NOTE| For the RF channel at the arithmetic mean, the next standard TV channel in the%ﬁ\]}‘lz raster is chosen
here. Q)'
D.2 | Operating frequency range 110 MHz to 862 MHz 6\(1/
In the¢ frequency range 110 MHz to 862 MHz, the following rement channels should be
used g\\
O
e Iqwest RF channel frequency range: 110 MHz to 118 MHz
e hlghest RF channel frequency range: QQ 854 MHz to 862 MHz
e RF channel at arithmetic mean frequency rao\@‘. 478 MHz to 486 MHz
NOTE| For the RF channel at the arithmetic mean, t@eﬁext standard TV channel in the 8 MHz raster is chosen
here. $\
. )
D.3 | Operating frequency ran%e?zSS MHz to 1 218 MHz
b\
In th

be uged: C)\

e Idwest RF channel f@qu’ency range: 262 MHz to 270 MHz

e hlghest RF char@requency range: 1206 MHz to 1 214 MHz
e RIF channel @n’thmetic mean frequency range: 734 MHz to 742 MHz
NOTE

here.

For th?® channel at the arithmetic mean, the next standard TV channel in the 8 MHz raster is ¢

&S

e frequency range 258 M\I—@ho 1 218 MHz, the following measurement channels should

hosen
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Py=P—101g-35106 — dB(pW/Hz)
VLRCES
P—————is-the-pewer-in-dB(pWy;
35108 is-the bandwidth B, in Hz.
70 dB
g
T\
~ N
~
\
~ - \ A
50 dB P A Qy
\

CINR

\
/
>

30 dB \(\<\(1(3)(

PSQut dB(pW/Hz)

e

IEC 2527/10
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CABLE NETWORKS FOR TELEVISION SIGNALS,
SOUND SIGNALS AND INTERACTIVE SERVICES -

Part 3: Active wideband equipment for cable networks

2017

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization cemy
national electrotechnical committees (IEC National Committees). The object of IEC,is“\to prf

end and in addition to other activities, IEC publishes International Standards, Technical Specifica
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter ‘referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National, Committee inte
in |[the subject dealt with may participate in this preparatory work. Internationaty..governmental and
gojernmental organizations liaising with the IEC also participate in this preparation-“IEC collaborates d
with the International Organization for Standardization (ISO) in accordance.Wwith” conditions determin|
agfeement between the two organizations.

Thie formal decisions or agreements of IEC on technical matters express, @s nearly as possible, an interng
copsensus of opinion on the relevant subjects since each technical <committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC N3
Cdmmittees in that sense. While all reasonable efforts are madé to ensure that the technical content
Publications is accurate, IEC cannot be held responsible~fer/the way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC National Committees undertake to apply IEC Public
transparently to the maximum extent possible in their national and regional publications. Any diver
befween any IEC Publication and the corresponding.national or regional publication shall be clearly indicg
the latter.

IEC itself does not provide any attestation of econformity. Independent certification bodies provide conf|
aspessment services and, in some areas, access to |IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

Alllusers should ensure that they have the latest edition of this publication.

Nd liability shall attach to IEC or:its’directors, employees, servants or agents including individual exper
megmbers of its technical committees and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of._the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to_the Normative references cited in this publication. Use of the referenced publicati
indispensable for the-correct application of this publication.

At{ention is dfawn to the possibility that some of the elements of this IEC Publication may be the sub
patent rights. |EC shall not be held responsible for identifying any or all such patent rights.

Interpational Standard IEC 60728-3 has been prepared by technical area 5: Cable netyv
for tglevision signals, sound signals and interactive services of IEC technical committee
Audio, video and multimedia systems and equipment.
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100:

This fifth edition cancels and replaces the fourth edition published in 2010. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a)
b)

c)

extension of upper frequency range limit for cable network equipment in the forward
from 1000 MHz to 1218 MHz (optional up to 1794 MHz);

extension of upper frequency range limit for cable network equipment in the return
from 85 MHz to 204 MHz;

integration and update of IEC 60728-3-1 content;

path

path
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d) integration and update of the Technical Specification CLC/TS 50083-3-3 content;
e) deletion of specifications and test methods for obsolete analogue parameters;

f) additional normative references;

g) additional terms and definitions and abbreviations.

The text of this International Standard is based on the following documents:

FDIS Report on voting
100/2975/FDIS 100/2990/RVD

Full information on the voting for the approval of this International Standard can be foupd in
the r¢port on voting indicated in the above table.

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

The [ist of all the parts of the IEC 60728 series, under the general titterCable networKks for
televfsion signals, sound signals and interactive services, can be found oh the IEC website.

The ¢gommittee has decided that the contents of this document will remain unchanged untjl the
stability date indicated on the IEC website under "http://webstore’iec.ch" in the data related to
the specific document. At this date, the document will be

g¢confirmed,

—

e withdrawn,

—

gplaced by a revised edition, or

e amended.

A bilingual version of this publicatien’may be issued at a later date.
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INTRODUCTION

Standards and other deliverables of the IEC 60728 series deal with cable networks, including
equipment and associated methods of measurement for headend reception, processing and
distribution of television and sound signals and for processing, interfacing and transmitting all
kinds of data signals for interactive services using all applicable transmission media. These
signals are typically transmitted in networks by frequency-multiplexing techniques.

This includes for instance:

e regional and local broadband cable networks

o ektended satellite and terrestrial television distribution systems,

o individual satellite and terrestrial television receiving systems,

and all kinds of equipment, systems and installations used in such cable netw@rks, distribution
and receiving systems.

The pxtent of this standardization work is from the antennas and/or|special signal squrce
inputs to the headend or other interface points to the network up_to\the terminal input gf the
custqmer premises equipment.

The ptandardization work will consider coexistence with uséers of the RF spectrum in wired
and Wireless transmission systems.

The [standardization of any user terminals (i.e. <tuniers, receivers, decoders, multimedia
terminals, etc.) as well as of any coaxial, balancetand optical cables and accessories thgreof
is exgluded.
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1

This part of IEC 60728 specifies the measuring methods, performance requirements and

publ
sign

This

e applies to all amplifiers used in cable networks;

e copvers the frequency range 5 MHz to 3 000 MHz;

NOTE| The upper limit of 3 000 MHz is an example, but not a strict value.
e applies to one-way and two-way equipment;

e specifies the basic methods of measurement of the“operational characteristics o
aftive equipment in order to assess the performancé<f this equipment;

e slates the minimum performance requirements)of certain parameters.

2

The

contgnt constitutes requirements o) this document. For dated references, only the e
cited

any

IEC

IEC

IEC

IEC

identifies the performance specifications to be ptblished by the manufacturers;

-8- IEC 60728-3:2017 © IEC

CABLE NETWORKS FOR TELEVISION SIGNALS,
SOUND SIGNALS AND INTERACTIVE SERVICES -

Part 3: Active wideband equipment for cable networks

Scope

2017

ication requirements for active wideband equipment of cable networks for_teleyv
dls, sound signals and interactive services.

document

Normative references

ollowing documents are referred\to in the text in such a way that some or all of

gmendments) applies.

%0068-1, Environmental testing — Part 1: General and guidance
60068-2-1, Envirenmental testing — Part 2-1: Tests — Tests A: Cold
60068-2¢2y Environmental testing — Part 2-2: Tests — Tests B: Dry heat

©0068<2-6, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)

data
ision

f the

their
dition

applies. For undated references, the latest edition of the referenced document (inclyiding

IEC 60068-2-14, Environmental testing — Part 2-14: Tests — Test N: Change of temperature

IEC 60068-2-27, Environmental testing — Part 2-27: Tests — Test Ea and guidance: Shock

IEC 60068-2-30, Environmental testing — Part 2-30: Tests — Test dB: Damp heat, cyclic
(12 h + 12 h cycle)

IEC 60068-2-31, Environmental testing — Part 2-31: Tests — Test Ec: Rough handling shocks,

prim

arily for equipment-type specimens

IEC 60068-2-40, Basic environmental testing procedures — Part 2-40: Tests — Test Z/AM:
Combined cold/low air pressure tests
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IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC 60728-2, Cable networks for television signals, sound signals and interactive services —
Part 2: Electromagnetic compatibility for equipment

IEC 60728-4, Cable networks for television signals, sound signals and interactive services —
Part 4: Passive wideband equipment for coaxial cable networks

IEC 60728-5, Cable networks for television signals, sound signals and interactive services —
Part 5: Headend equipment

IEC 60728-11, Cable networks for television signals, sound signals and interactive servites —
Part [ 1: Safety

IEC 61000-4-5, Electromagnetic compatibility (EMC) — Part 4-5: Testing and\, measureiment
techniques — Surge immunity test

IEC 61319-1, Interconnections of satellite receiving equipment — Part, 1. Europe
IEC 61319-2, Interconnections of satellite receiving equipment —Patt 2: Japan

IEC p2368-1, Audio/video, information and communication_technology equipment — Part 1:
Safety requirements

3 Terms, definitions, symbols and abbreviated terms

For the purposes of this document, the following terms, definitions, symbols and abbrevjated
terms apply.

ISO Ind IEC maintain terminological~databases for use in standardization at the follqwing
addresses:

o |EC Electropedia: availablerat http://www.electropedia.org/

$0 Online browsing platform: available at http://www.iso.org/obp
3.1 | Terms and definjtions

3.1.1
amplitude frequency response
gain pr loss.of an equipment or system plotted against frequency

3.1.2
attenuation
ratio of the input power to the output power of an equipment or system, usually expressed in
decibels

3.1.3

carrier-to-noise ratio

difference in decibels between the vision or sound carrier level at a given point in an
equipment or system and the noise level at that point (measured within a bandwidth
appropriate to the television or radio system in use)

3.1.4

composite intermodulation noise

CIN

sum of noise and intermodulation products from digital modulated signals


http://www.electropedia.org/
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3.1.5
CINR
composite intermodulation noise ratio
ratio of the signal level and the CIN level

3.1.6

crosstalk attenuation
ratio of the wanted signal power to the unwanted signal power, which is caused by
electromagnetic coupling between two leads, while equal signal powers are applied to the
leads

Note 1 to entry: Crosstalk attenuation is usually expressed in decibels.

3.1.7

decibel ratio
ten times the logarithm of the ratio of two quantities of power P, and P,, i.e.

3.1.8

10lg-1
22 indB

equaliser
devide designed to compensate over a certain frequency_range for the amplitude/frequ
distoftion or phase/frequency distortion introduced by fe€ders or equipment

Note 1 to entry: This device is for the compensation of linear distortions only.

3.1.9

feeder
transmission path forming part of a cable network

Note 1 to entry: Such a path may consist of a metallic cable, optical fibre, waveguide or any combination of
By exfension, the term is also applied to paths containing one or more radio links.

3.1.10
gain

ratio jof the output powertto the input power, usually expressed in decibels

3.1.11

ideal thermal noise
noisq generatedin a resistive component due to the thermal agitation of electrons

Note 1 to entry: The thermal power generated is given by

P=4-BkT
where
P is the noise power, in watts;
B is the bandwidth, in hertz;
k is the Boltzmann's constant = 1,38 x 10723 J/K;
T is the absolute temperature, in kelvins.

It follows that

Y _A.Bk-T

ency

them.
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wher
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=4-R-B-k-T

e

U is the noise voltage (e.m.f.);

R is the resistance, in ohms.

In practice,

resis

3.1.1
level
decih

decih

Note 1
taking
that th

(acrogs 75 Q), i.e. in dB(nV).

3.1.1
mod
MER
sum

ancevaliilg thg naoisa \lnll‘agn at tha il’\pll" is than 17/2
<3 Vade8—Re1o4 V-oHa H—Re1RpHISHB8 4=

2017

it is normal for the source to be terminated with a load equal to the internal

2
el ratio of any power P, to the standard reference power Py, i.e
10 Igi
4

el ratio of any voltage U, to the standard reference voltage .V, i.e

Uy
201
9T,

0

to entry: The power level may be expressed in detibels relative to P, = (UOZIR) = (1/75) pW, i.e. in d
into account that the level of P corresponds to 0(dB(P,) or, as more usually, in dB(pW), taking into a
e level of P, corresponds to -18,75 dB(pW).xThe voltage level is expressed in decibels relative to

3
ilation error ratio

pf the squares of the magnitudes of the ideal symbol vectors is divided by the sum g

B(7y),
count
1 v

f the
esult

squafes of the magnitudes ‘of the symbol error vectors of a sequence of symbols, the 1
being expressed as a power ratio in dB
N
Z( +Q1)
MER =101g f in dB
2
> for7 +50?)
j=1
3.1.14

multi-switch
equipment used in distribution systems for signals that are received from satellites and
converted to a suitable IF

Note 1

3.1.1

to entry: The IF signals that are received from different polarisations, frequency bands and orbital
positions are input signals to the multi-switch. Subscriber feeders are connected to the multi-switch output ports.
Each output port is switched to one of the input ports, depending on control signals that are transmitted from the
subscriber equipment to the multi-switch. Besides a splitter for each input port and a switch for each output port, a
multi-switch can contain amplifiers to compensate for distribution or cable losses.

5

multi-switch loop through port
one or more ports to loop through the input signals through a multi-switch
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Note 1 to entry: This enables larger networks with multiple multi-switches, each one installed close to a group of
subscribers. The multi-switches are connected in a loop through manner. The IF signals that are received by an
outdoor unit from different polarisations, frequency bands and orbital positions are input signals to a first
multi-switch. Cables connect the loop through ports of this multi-switch to the input ports of a second multi-switch
and so on.

3.1.16

noise factor

noise figure

figure of merit describing the internally generated noise of an active device

Note 1 to entry: The noise factor, F, is the ratio of the carrier-to-noise ratio at the input, to the carrier-to-noise
ratio at_the autput of an active device

_GyIN,
C,IN,
where
Cq is the signal power at the input;
Co is the signal power at the output;
Ny is the noise power at the input (ideal thermal noise);
No is the noise power at the output.

In other words, the noise factor is the ratio of noise power at the output of, an active device to the noise power at
the same point if the device had been ideal and added no noise.

N2actual
F=—"="

N 2ideal

The npise factor is dimensionless and is often expressed as noise figure, NF, in dB
NF=10Ig F in dB

3.1.17
slope
diffeence in gain or attenuation at two specified frequencies between any two points |n an

equipment or system

Note {1 to entry: Thesslope sign is considered

>

bgative whenlthe attenuation increases with frequency (cables) or the gain (amplifiers) decreasep with
requency,

a)

—h

b) ppsitive.when the gain (amplifiers) increases with frequency (compensating slope).

3.1.18
surge voltage
surge which is produced by a direct or indirect lightning stroke

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.
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ymbols erms ymbols erms
Symbol T Symbol T
Ammeter Voltmeter
based on based on
m [IEC 60617-S00910 @ [IEC 60617-S00910
(2001-07)] (2001-07)]
Power meter
Selective voltmeter based on
[IEC 60617-S00910
s (2001-07)]
Equipment under test Slgn%l generator
based on ased on
2 HEC-60617-500059 2 I[:EECE;6600661177-SSOO10480939,
(2001-07)] (2001-07)]
Variable signal genferator
Noise generator - EaESC(e%ggw-sooom
G [IEC 60617-S01230 G IEC 60617-S00899, IEC 60617
kT (2001-07)] ~ Bxee. i
S01403
(2001-09)]
G Surge generator ~_ High-pass filter
J_L [IEC 60617-S01228 X [EC 60617-S01247
(2001-07)] (2001-07)]
Low-pass filter N Band-stop filter
% [IEC 60617-S01248 X [IEC 60617-S01250
(2001-07)] N (2001-07)]
Oscilloscope
Y Band-pass filter based on
N [IEC 60617-S01249 @ [IEC 60617-S00059, and
A (2001-07)] zggo?og;;-soogzz
Spectrum analyser (electrical) A Attenuator
based on based on
P [IEC 60617-S00910 [IEC 60617-S01244
(2001-07)] xdB (2001-07)]
: Variable attenuator Amplifier
[IEC 60617-SQLeA5 [IEC 60617-S01239
(2001-07)] (2001-07)]
RF medulator RF demodulator
basedyon based on
~ [[EC60617-S01278 ~ [IEC 60617-S01278
¢ (2001-07)] ¢ (2001-07)]
Combiner
based on . -
z [IEC 60617-S00059 ﬂ—| > Detector with LF-amplifier
(2001-07)]
Eunctional alipatantial bandina
Funetionat-equipetentiat-bondin
[IEC 60617-S01410 v Adjustable AC voltage source
—— (2001-11)]
Resistor Variable resistor
— 1 [IEC 60617-S00555 ¢F [IEC 60617-S00557
(2001-07)] (2001-07)]
Capacitor RF choke
4"— [IEC 60617-S00567 — VY — [IEC 60617-S00583
(2001-07)] (2001-07)]
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AC alternating current

AM amplitude modulation

BER bit error ratio

CATV community antenna television (system)

CIN composite intermodulation noise

CINR composite intermodulation noise ratio

CsO composite second order

CTB composite triple beat

Cw continuous wave

DC direct current

DUT device under test

DVB{C Digital Video Broadcasting — cable

EMC electromagnetic compatibility

EUT equipment under test

HP high pass

IF intermediate frequency

LF low frequency

LP low pass

MER modulation error ratio

PRB$ pseudo-random bit sequence

QAM quadrature amplitude modulation

RF radio frequency

RMS root mean square

TV television

4 Methods of measurement

4.1 General

This [clause defines basic methods of measurement. Ensure that all test equipment is
calibrated and<aHl-connectors, leads, and terminations have an adequate quality in order tp not
affect the test results.

Un(lje S stalted otherwise, .alll measurgments shall be carried c?ut with 0 dB plug-in attenu”tot:s
an hre 3 he—meastrements—sha e

published.

A network can be used to distribute terrestrial signals in addition to the signals received from
satellites. The terrestrial antennas are connected to an optional terrestrial input port of a
multi-switch. On each output port, the terrestrial signals are available in addition to the
satellite IF signals. Since the normal frequency ranges for terrestrial signals and satellite IF

signals do not overlap, both can be carried on the same cable.

For large networks with loop through connected multi-switches, two possibilities exist to carry
the terrestrial signals from one multi-switch to another multi-switch:

e to use a specialised cable for the terrestrial signal, in addition to the cables used for the
satellite IF signals and then, on each output port the terrestrial signal is combined with the
selected satellite IF signal,
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e to combine the terrestrial signal with each satellite IF signal before the first multi-switch in
order to minimise the number of cables between multi-switches.

NOTE The signal coming from an outdoor unit for satellite reception can contain unwanted signal-components
with frequencies below the foreseen satellite IF frequency range. These signal-components overlap with the
frequency range of terrestrial signals. For example, an outdoor unit that converts the frequency band 11,7 GHz to
12,75 GHz to the satellite IF frequency range can convert signals in the 10,7 GHz to 11,7 GHz band to frequencies
below the satellite IF frequency range. These frequencies have to be sufficiently filtered out to avoid interference
with terrestrial signals on the same cable.

For measurements on multi-switches, it is necessary that control signals be fed to the output
ports that are involved in the measurement. Therefore, a bias-tee has to be connected
between the multi-switch output port and the measurement set. The DC port of the bias-tee is
conngcted to a standard receiver that generates the required control signals. Care has {o be
takern that the influence of the bias-tee on the measurement result is insignificant. This can be
achigved by including it into the calibration or using a network analyser with a bujlt\in-bias-tee.

4.2 Linear distortion
4.21 Return loss
4.2.11 General

The method described is applicable to the measurement of (the return loss of equipment
operating in the frequency range 5 MHz to 3 000 MHz.

All igput and output ports of the unit shall meet the{specification under all conditions of
autoratic and manual gain controls and with anyfcombination of plug-in equalisers| and
attenuators fitted.

4.2.1]2 Equipment required

A nefwork analyser covering the frequency\range of the equipment to be tested is requiref.

4.2.13 Measurement procedure

All cgaxial input and output parts;-other than those under test, shall be terminated in 75 Q.

Ensufre that there is no supply voltage on the port being measured as this could damagge the
netwprk analyser. If it§s\hecessary to use a voltage blocking device, use one with a good
returp loss (10 dB above the expected test result). Return loss shall be measured at afl RF
signdl ports of the, EUT. Take into account the impact of test equipment mismatch as detailed
in Annex C and-adjust the results accordingly.

4.2.2 Group delay variation

4.2.211 General

The group delay (GD) is a parameter affected by the physical length and propagation velocity
in the passive and active circuits involved, where frequency-selective components, such as
L-C filters, e.g. diplexers, and amplifiers, are present.

GD is defined as the negative derivative of phase with respect to frequency, and is expressed
mathematically as

GD = —(de¢/dw)

The GD value is measured in time units and usually expressed in nanoseconds.
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The group delay variation (GDV), also called group delay distortion, is the absolute value of
the difference between the maximum and minimum group delay within a specified frequency
interval, i.e. between one frequency and another in a circuit, device, or system.

GDV = |- (dp4/dwy) |- |- (dpy/dws) |

The frequency interval is defined by the given specifications for the equipment under test or
can be derived from the specification of the transmission system. In cascaded systems, group
delay variation of each (cascaded) device accumulates and simple summation is assumed.

NOTE[T—EXampie for GDV derivation of cascaded SyStems:

If the pystem allows a GDV of 120 ns, a maximum number of 6 devices, with a GDV of 20 ns for eachydevicg, can
be cagcaded.

NOTE|2 The term ‘group delay’ is wrongly used in some documents instead of group delay variation.
4.2.2(2 Equipment required
The {ollowing equipment is required: a vector network analyzer covering the frequency range

of thge equipment to be tested and with features to measure transmission group delay |(GD)
and frequency response at the specified frequencies.

4.2.2.3 Measurement procedure
The measurement procedure is as follows:

a) (alibrate and align the vector network analyzer. in the same manner as for linear distqgrtion
easurements.

b) Set frequency markers in frequency steps.according to the specified frequency interval.

NOTE| Examples of typical frequency intervals (bandwidths) can be found in IEC 60728-101:2016, Annex C.
c) Tlhe frequency interval over which.the GD measurement is made shall be recorded.

d) Set the smoothing function in ‘the network analyzer according to the recommendatiohs of
the manual of the test equipment manufacturer to get the optimum reading of the values.

e) Hlot the GD curve versus the specified frequency interval and record it.

f) HRead the GD valuestfor frequency 1 (w4) and frequency 2 (w,), calculate the diffefence
5DV) between thetwo values and record the result.

—~

4.2.2.4 Presentation of the results

Presgnt the group delay variation results (GDV) and the specified frequency interval.

4.3 Non+linear distortion

4.3.1 General
In a non-linear device, the expression for the output signal will, in general, have an infinity of

terms, each generated from one or more of the (assumed sinusoidal) terms in the input, and
particularly by the interaction of two or more terms.

It is recommended that, for mixed analogue/digital loads, both the analogue and digital
methods of measurement should be considered.

4.3.2 Types of measurements
Measurements related to the following phenomena are described:

e intermodulation between two or three single frequency signals;
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e composite beats produced by a number of single frequency signals;

e intermodulation between digital modulated signals.
The specification shall include at least the following details:

a) the particular effect that is measured;
b) the required signal to distortion ratio.
The result of the measurement shall be given as the worst-case maximum signal level at the

equipment output that allows the required signal to distortion ratio to be met. If the output
level is sloped with frequency, this shall be defined.

The ¢ffect shall be defined as being of a particular order (e.g. "third-order intermodulation").

4.3.3 Intermodulation
4.3.31 General

The fwo equal carrier and the three equal carrier methods described are applicable to the
meagurement of the ratio of the carrier to a single intermodulation_product at a specified |point
withip the cable network. The methods can also be used to determine the intermodulation
perfgrmance of individual items of equipment.

It shquld be especially noted that the simultaneous use of many channels spaced by the same
frequency interval results in a large number of intermedulation products (particularly those of
the third-order) falling near the vision carrier of a wanted television channel. In these cases,
the resultant interference is of an extremely complex nature and an alternative measurement
procgdure shall be needed. This is covered in 4¢3.4 and 4.3.5.

Exanpples of second-order and third-order jntermodulation products are given in Annex A.

Second-order products are encountered only in wideband equipment and systems, covgring
more| than one octave, and shall be‘measured using two signals (see Clause A.1).

Third-order products are encountered in wideband and narrowband equipment and systems
and ghall be measured usingthree signals (see Clause A.2).

If the unequal carrier_method of measurement, as described in IEC 60728-5, is used, the
outpyt level giving the appropriate signal to distortion ratio shall be decreased by 6 dB to
obtaih the correct:tesult for the equal carrier method described here.

4.3.3.2 Equipment required

The following equipment is required:

a) a selective voltmeter covering the frequency range of the equipment or system to be
tested; this may be a spectrum analyser;

b) the appropriate number of signal generators covering the frequencies at which the tests
are to be carried out;

c) a variable attenuator with a range greater than the signal to intermodulation ratio expected,
if not incorporated in the voltmeter described in 4.3.3.2 a);

d) a combiner will be required for tests on equipment and systems with a single input (Figure

1).

Additional items may be necessary, for example to ensure that the measurements are not
affected by spurious signals generated in the test equipment itself.
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3 Connection of equipment

The equipment shall be connected as shown in Figure 1.

The fi
input
should

To av
one o

4.3.3
4.3.3

The measurement procedure comprisescthe following steps.

Unle
nomi

are donstant over the frequency range or not. If the specified output levels are not con

2017

Signal )
generators LP-filters
G ' ~_ X
~ | T Selective
[ ' Combi voltmeter
ombiner
e //' /)'
G AR s EUT A A A2 (V)
/\/ ] : R
G : .
imniods
Ve oo ' G Pilot generator if
~_ | required for AGC
IEC

ters at the signal generator outputs may be needed to suppress spurious signals. The selective vol

be avoided by not reducing the attenuator value below 10 dB.

id intermodulation between the signal generators, it may be necessdry for the combiner to be in the f
more directional couplers.

Figure 1 — Basic arrangement of test equipment for evaluation
of the ratio of signal to intermodulation product

.4 Measurement procedure

4.1 General

5s otherwise required, the refétence output levels used in the measurements shall b
nal output levels for the equipment. It shall be quoted whether the signal output |

meter

ilter may be required to prevent intermodulation in the meter. If a filter is used, then the possible migmatch

brm of

e the
bvels
stant

over [frequency range then the output levels off all the test signals shall be quoted in the
resulfs.
Meagqurements of both second order and third order products shall be carried out with the test

signgls widely .and closely spaced over each band of interest at frequencies capab
prodiicing significant products within the overall frequency range.

Whe
out a

4.3.3

e theJequipment to be measured includes automatic gain control, tests shall be c3

e of

rried

[t the’ nominal operating signal input levels.

4.2 Calibration and checks

A check shall be made to determine if the harmonics and other spurious signals at the outputs
of the signal generators are likely to affect materially the results of the measurements.

The selective voltmeter shall be calibrated and checked for satisfactory operation.

A check shall be made for possible intermodulation between the signal generators at the
output levels to be used for the tests.
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4.3.3.4.3 Measurement

Set the signal generators, in CW mode, to the frequencies as described in Annex A and adjust
their outputs and that of the different points of the system as far as the point of measurement
to obtain the specified system operating levels throughout.

Connect the variable attenuator and selective voltmeter and other items if required to the
output of the equipment under test. Tune the meter to each test signal and note the attenuator
value a4 required to obtain a convenient meter reading R for the reference signal. The
attenuator value a4 should be slightly greater than the signal to intermodulation ratio expected
at the point of measurement.

TuneLthe meter to the intermodulation product to be measured and reduce the setting=qf the
variaple attenuator to the value a, required to obtain the same meter reading R.

When measuring levels of intermodulation products, it can be necessary to insert a filter gt the
input|to the meter. In such instances the insertion loss (in dB) of the filter-at 'the frequenfcy of
the products shall be added to the attenuator value.

The s$ignal to intermodulation product ratio in dB is given by

S/ = aq —das

wherg
aq is the attenuator value for the test signal used.as.a reference in dB;
ap, |is the attenuator value for the intermodulation-product in dB.

4.3.j Composite triple beat
1

4.3.4, General

The fnethod of measurement of composite triple beat using CW signals is applicable tp the
meagurement of the ratio of the carrier to composite triple beat at a specified point in a ¢able
netwprk. The method can also be used to determine the composite triple beat intermodulation
perfdrmance of individual items*of equipment.

When the input signalsiare at regularly spaced intervals (as is common in most allocations for
TV dhannels), the warious distortion products tend to cluster in groups, close to the TV
chanpels. The number of different products in each cluster increases rapidly with the number
of channels, and:they combine in different ways, depending on the degree of cohenence
betwgen generating signals, and the relative phases of the different distortion products.

The method described in this subclause measures the non-linear distortion of a devite or
systgm\by the composite effect of all the beats clustered within + 15 kHz of the vision carrier
of a TV channel. During the measurement, the vision carrier of that channel shall be turned off,
so that the composite triple beat measured is that generated by all the carriers except that of
the measured channel.

The method is used to support a specification of the following general format:

"The composite triple beat ratio for groups of carriers in channel (A) at (B) dBuV is (C) dB."

where

(A) designates the channel in which the test is made. If omitted, the specification is
understood to be a minimum specification for measurements at all the channels
specified by the list of carriers;
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(B) is the reference level at which all the carriers should be set during the measurement,
unless otherwise specified. If all the carriers are not at the same level, the specification

should clearly indicate the level of each carrier relative to the reference level,
(C) is the composite triple beat ratio, usually given as a minimum specification.

Because of the large variety of frequency plans in use throughout the world and the need to

compare readily performance specifications of different manufacturers' equipment,

the

measurement should be made with the carriers listed in Annex B (the carriers are all in an

8 MHz raster, except for the special case of 48,25 MHz).

The vision carrier frequencies are arranged in groups and only complete groups shall be

used,

except as stated below. If an amplifier is specified up to 450 MHz, group A shall be _us
specified up to 550 MHz, groups A and B shall be used. If specified up to 862 MHz, all gn
A, B,|C, D and E shall be used.

Group A can also be used in part, depending on the specified bandwidth (ef_the equip
undef test. The frequencies deleted shall be stated. If the carrier 48,25MHZ is not us
casep where the forward path starts with 85 MHz, then the results of measurements shg
published including the notice "without Band I". If the equipment can operate 3
frequencies in group A, this result shall be quoted together with the(result where only a p
group A is used.

For all pass bands, the performance shall be quoted for¢he”maximum possible numb
complete groups. The manufacturer may, in addition, provide a performance figure for a |
number of carriers. The frequencies deleted shall be stated.

4.3.4.2 Equipment required

The following equipment is required:

a) alspectrum analyser with 30 kHz intermediate frequency (IF) bandwidth and 10 Hz
bpndwidth capability. When using“a spectrum analyser with minimum video filf
cppabilities greater than 10 Hz. the composite third-order distortion may be noisyj
should be read at the middle of\the trace;

b) alvariable 75 Q attenuator,~adjustable in 1 dB steps;

c) al bandpass filter for each channel to be tested or a tunable bandpass filter. This
shall attenuate the ©ther channels present on the system to be tested to ensure tha
products generatéd)'by non-linearity in the spectrum analyser itself do not contp
s|gnificantly to the) composite beat products to be measured.

he passband of this filter shall be flat, at least to within 1 dB over the frequency ran
interest. If necessary, a fixed attenuator shall be connected at the input to the filter;

dW generators, operating at the frequencies of the vision carriers used in the syste

bd. If
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e) a combiner for the signals from the generators;

tests

f) matching devices, attenuators and filters, etc., to obtain the correct signal levels, matching

conditions and reduction of spurious signals at the input of the system.
4.3.4.3 Connection of equipment

The equipment shall be connected as shown in Figure 2.
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Signal
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4.3.4.4 Measurement procedure

The measurement procedure comprises the following steps.

a)

b)

d)

e)
f)

g)

IEC

Figure 2 — Connection of test equipment for the measurement
of non-linear distortion by composite beat

onnect point A directly to point B and disconnect the ‘bandpass filter (see Figure 2).
djust the level of each generator for an output level at'point A equal to that which will be
present when the system or equipment under testds\connected.

> 0O

Aldjust the spectrum analyser as follows:
IF bandwidth 30 kHz

vldeo bandwidth 10 Hz

s¢an width 50 kHz/div.

vertical scale 10 dB/div.

s¢an time 0,5 s/div.

Tlune the spectrum analyser so that the vision carrier of the channel in which the

nmeasurement is to be made is centred on the display screen.

Aldjust the sensitivity ‘ef the spectrum analyser together with its internal and external jinput
aftenuator in such/ayway that the response to the vision carrier corresponds to a full scale
reference. At theysame time, the noise level shall be at least 10 dB lower than the
d|stortion levellexpected.

Insert the~bandpass filter corresponding to the channel to be measured and adjust the
input attenuator to correct for the attenuation of the filter.

isconnect the generator for the channel to be measured and terminate the combiner with
its nominal impedance.

Verify that the intermodulation products generated in the spectrum analyser over the entire
channel are at least 20 dB below the distortion ratio required. If this is not the case,
disconnect the bandpass filter and repeat steps d) to g) of this procedure with decreased
sensitivity of the spectrum analyser.

Note the setting of the sensitivity control.

Connect the signal generator again and repeat steps c) to h) of this procedure for all
channels.

Connect the device to be tested between points A and B and reset the signal generators to
obtain the required output levels at point B.

Adjust the centre frequency of the spectrum analyser as in step c) and insert the
appropriate bandpass filter.
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4.3.5 Composite second order beat

4.3.5.1 General
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Adjust the input attenuator (internal or external) to return the response of the spectrum
analyser to the vision carrier to full scale with the appropriate setting of its sensitivity
control (see step h).

Disconnect the generator for the channel to be measured and terminate the combiner with
its nominal impedance.

The composite triple beats are clustered within + 15 kHz of the vision carrier, so the
signal/composite triple beat ratio can be read directly off the screen of the spectrum
analyser.

Adjust the attenuator A1 of Figure 2 to obtain the required signal/composite triple beat
ratio and compensate for the change in output level by using attenuator A2.

ﬂeasure the signal level at the output of the equipment under test.
epeat steps k) to p) of this procedure for every channel used in this test.

The worst-case maximum output level giving the required signal to composite triple|beat
atio shall be noted for publication.

—

The fest equipment required, the connection of equipment angd-the measurement procedure

are ds for the composite triple beat measurement but with thedfolowing differences.

4.3.5.2 Equipment required

The fest equipment required is the same as described in 4.3.4.2.

4.3.5.3 Measurement procedure

The procedure is as for composite triple, beat except that the second order beats arg
clustered (£ 15 kHz) about the exact carrier frequencies but may be clustered (£ 10 kH
+ 0,76 MHz or + 0,25 MHz from them.\Fhe carrier/composite second order distortion ratig
be reiad directly off the screen of the spectrum analyser.

For gomposite second order,-it\is also necessary to measure the beats close to the chanr
48,2% MHz or, where this ‘i’ not possible with the equipment under test, at the Ig
frequency available. Although it is not essential to have the carrier present at this frequ
it may be useful for reference purposes. In this case, the second order beats are clus
around 48,00 MHz £ 10 kHz and so again may be read directly off the screen of the sped
analyser.

The worst-case maximum output level giving the required signal to composite second
distoftionratio shall be noted for publication.
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4.3.6
4.3.6.1 General

This method of measurement is based on the capability of an amplifier when handling a full

load of DVB-C signals.
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4.3.6.2 Maximum operating level using the measurement of bit error ratio (BER)
4.3.6.2.1 Bit error rate in the forward path
4.3.6.2.1.1 General

The method of measurement describes the measurement of the bit error ratio (BER) (before
Reed Solomon decoder of the measurement receiver) of the output signal of the equipment
under test (EUT) (e.g. an amplifier).

This test is able to define the performance (maximum output level) of the EUT when loaded
with high number (7\7< 1QR) of digifall\ll modulated eigns\lc inthe 2568 QAM format r\n\/nr'ng a
frequency range from 110 MHz to 1 214 MHz with a raster of 8 MHz, or a part of\if, for
exan|ple 110 MHz to 1 006 MHz or 262 MHz to 1 214 MHz.

The :[weasurement shall be performed for the following three channels:

—

a) the lowest RF channel according to the specified operating frequency range of the EUT;
b) the highest RF channel according to the specified operating frequency range of the EUT;

c) ap RF channel at the arithmetic mean between the lowest and“the highest RF channels
apcording to a) and b).

NOTE| Examples of these measurement channels are given in Annex A.

The orst case value of U4, (N Of the EUT out of the three measured values according|to a)
to c)[shall be presented together with the worst-case channel.

4.3.6(.2.1.2 Equipment required

The ¢quipment required is the following:

a) alnumber N of 256 QAM modulators(with channel coders) having a suitable linearity {(BER
better than 1 x 10719) and an occupied bandwidth of 8 MHz. The channels generatgd by
the modulators shall be placed. in the frequency range from 110 MHz to 1 214 MHz of in a

Lbset of this frequency range with a raster of 8 MHz;

b) number N of null packet-or of pseudo-random bit sequence (PRBS) generators|(see

nnex A);

d)
e)

f)

wide-band amplifier with suitable linearity and gain over the full bandwidth of the EUT;
recision attenuators (1 dB steps) to be placed before and after EUT;

test receiver able to measure the BER of the received 256 QAM signals; its distartion

s
a
Al
c) ajcombiner for the output signals of the 256 QAM modulators with negligible distortion;
a
p
a
shouldbe sufficiently lower than that to be measured (e.g. a BER better than 1 x 10-10).

All applied QAM channels (channel load and measurement channels) shall have the same
outputTever within a deviation of maximum £ 0,5 dB.

The total BER introduced by source and measurement equipment shall not exceed 1 x 10710,

4.3.6.2.1.3 Connection of equipment

Connect the measuring equipment as indicated in Figure 3. The input signal is applied to the
equipment under test (EUT) input and its output signal level is measured by means of a
suitable measuring receiver, connected to a BER measuring set if not included in the
measuring receiver.
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Figure 3 — BER measurement test configuration
4.3.6.2.1.4 Measurement procedure

The measurement shall be performed according to the steps described hereinafter.

a

)
b)

c)

d)

f)

g)

k)

une the measuring receiver to an operating channel.

tenuator A directly to the input of the variable attenuator B. Reduce the attenuati
RHe variable attenuator A to 0 dB and setting the-¥ariable attenuator B to a value
lows the best performance of the measuring)receiver in terms of BER (<1 x

easured over an observation time > 10 min):Note the level of the signal applied t
easuring receiver and the BER,.,5 value obtained.

T
Measure the performance of the test configuration by cannécting the output of the var
a
t

onnect the EUT between the variable atteAuator A and the variable attenuator B.

a
m

m

G

The equipment under test shall be operated at nominal gain and with nominal slope.
Using the variable attenuator A, set-the channel output signal level of the EUT to a
af least 10 dB lower than the maximum value (according to the methods of measure
d
ajtenuator B so as to obtain'the previously determined optimum signal level at the ing
the measuring receiver.

Read the BER on_the measuring set which shall be <1 x 1079 (measured ove
opservation time 60 s).

Using the attenuator A, increase the output level of all applied channels by 1 dB an
the variable-attenuator B so as to obtain the previously determined optimum signal le
the input ef'the measuring receiver.

iable
bn of
that
0—10

b the

alue
ment

bescribed in 4.3.4 using the CENELEC 42-channel test frequency plan); set the vailjiable

ut of

d set
el at

Rlepeatsprocedure g) until the BER measuring set shows a value > 1 x 1079,
Then ,;reduce the output level of all applied channels by 1 dB and set the vailiable
atteruaterB-se-asto-ebtainthe previeusly-determined-optimum-sighratlevelat the-input of

oo optTToTT

the measuring receiver.

Read the BER on the measuring set which once more shall be <1 x 1079 (measured
an observation time of > 60 s). If not, repeat step i).

over

Note the output level of the EUT which represents the maximum operating output level of

the EUT.

This procedure shall be repeated for each channel as defined in 4.3.6.2.1.1 and the worst
case (lowest value of the maximum operating output level) shall be determined.
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4.3.6.2.1.5 Presentation of the results

The worst case value of the maximum operating output level Up,, (y) of the EUT, with N
channels applied and expressed in dB (uV), as defined in 4.3.6.2.1.1 shall be published. The
worst-case channel condition shall be determined.

If the three test channels are applied to an amplifier with frequency slope, the same method of
measurement shall be applied as for amplifiers without frequency slope. But in this case, the
maximum operating output level of the EUT shall always be stated for the highest
measurement channel, taking into account the relative slope value (slope value difference)
between the worst case channel and the highest measurement channel.

The Ilrequency response (slope) of the EUT used for the measurements shall be published.

4.3.6.2.2 Bit error rate in the return path
4.3.6.2.2.1 General

The pnethod of measurement describes the measurement of the bit error ratio (BER) (before
Reed Solomon decoder of the measurement receiver) of the output 'signal of the equipment
undef test (EUT) (e.g. a return path amplifier) when handling a fulljead of DVB-C signals

To sjmplify matters, DVB-C signals are used to simulatexDOCSIS signals (according to
e.g. ETSI EN 302 878 series) usually used in cable networks for data transmission purposes.

The method of measurement is applicable in thesreturn path frequency range (5 MHz to
65 MHz) as well as in the extended return path freguency ranges.

For BUT designed for the return path frequency range (5 MHz to 65 MHz), this test is able to
define the performance (maximum input leyel) of the EUT when loaded with a number N F 6 of
digiteEIy modulated signals in the 256 QAM format covering a maximum frequency range|from
11 MHz to 59 MHz for full channel load 'with a raster of 8 MHz.

For EUT designed for the extended return path frequency ranges, this test is able to define
the performance (maximum jinput level) of the EUT when loaded with a number N of digitally
moddlated signals in the 256-QAM format. See Table 1 for detailed loading.

The [maximum operdating input level is defined for a limit value of the bit error |ratio
BER|< 1 x 1079. The_measurements shall be performed using the measurement parampters
as dgscribed hereinafter.

4.3.6(2.2.2 Measurement parameters for full channel load

The llneasurement parameters for full channel load are given in Table 1.
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Table 1 - Measurement parameters for full channel load

Return path
frequency range
(5 MHz to 65 MHz)

Extended return path
frequency range 1
(5 MHz to 85 MHz)

Extended return path
frequency range 3
(5 MHz to 204 MHz)

Modulation format 256 QAM
Symbol rate 6,9 MSymb/s
Channel bandwidth 8 MHz
Number of channels 6 9 24
N
Charnfner raster with 15, 23, 31, 39, 47 and T5, 23, 31, 39, 47, 5D, 63, | 1D, 23, 371, 39, 47, 55, 63,71,
centfe frequencies 55 MHz 71, and 79 MHz 79, 87, 95, 103, 111, 119,427,
135, 143, 151, 159, 167%, 475,
183, 191, and 199 MHZ
BER]limit value <1x107°
The measurement channel shall be the lowest channel, a centre channel and the highest
chanpel.
The yorst-case value of U, (y) fOr the EUT out of the measured BER values at the different
meagurement channels shall be presented as Up,ay ()
4.3.6.2.2.3 Equipment required

The ¢quipment required is as follows:

BER

(see

ver's
BER

pame

a) alnumber N of 256 QAM modulators (with channel coders) having a suitable linearity
better than 1 x 10719) and an occupied batidwidth of 8 MHz;

b) alnumber N of null packet or of psendo-random bit sequence (PRBS) generators
Annex A);

c) ajcombiner for the output signals of the 256 QAM modulators with negligible distortion;

d) alwide band amplifier with suitable linearity and gain over the full bandwidth of the EU

e) pfecision attenuators (1 dB'steps) to be placed in front of and behind the EUT;

f) a|test receiver able_to. measure the BER of the received 256 QAM signals; the rece
d|stortion performance should be sufficiently lower than that to be measured (e.g. a
better than 1 x 10710).

All applied QAM_channels (load channels and measurement channels) shall have the

input/level within a deviation of a maximum of +0,5 dB.

The fotalBERg e introduced by source and measurement equipment shall not e>10eed

1 x 1019

4.3.6.2.2.4 Connection of equipment

Connect the measuring equipment as indicated in Figure 3. The input signal is applied to the
equipment under test (EUT) input and its output signal level is measured by means of a
suitable measuring receiver, connected to a BER measuring set if not included in the
measuring receiver itself.

4.3.6.2.2.5

Measurement procedure

The measurement shall be performed according to the steps described hereinafter.

a) Tune the measuring receiver to an operating channel.
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b) Measure the performance of the test configuration by connecting the output of the variable
attenuator A directly to the input of the variable attenuator B. Reduce the attenuation of
the variable attenuator A to 0 dB and set the variable attenuator B to a value that allows
the best performance of the measuring receiver in terms of BERgy, e (<1 x 10710
measured over an observation time > 10 min). Note the level of the signal applied to the
measuring receiver and the BER,;,,5 value obtained.

c) Connect the EUT between the variable attenuator A and the variable attenuator B.

d) The EUT shall be operated at nominal gain and with nominal slope. All settings (variable
gain and/or slope) shall be set to zero.

e) Using the variable attenuator A, set the channel output signal level of the EUT to a value
B so
uring

f) Read the BER) .45 ON the measuring set, which shall be <1 x 1079 (measured over an

opservation time > 60 s).

sing the attenuator A, increase the input level of all applied channels‘by-1 dB and segt the
variable attenuator B so as to obtain the previously determined optitaum signal level 3t the
input of the measuring receiver.

g)

h) Repeat procedures g) and h) until the BER measuring set shows’a value > 1 x 1079.|Now
gduce the input level of all applied channels by 1 dB and sktythe variable attenuator|B so
ap to obtain the previously determined optimum signal lev€) at the input of the measpring

gceiver.

—

0 =

ead the BER),s ON the measuring set which once more shall be <1 x 1079 (meagured
ver an observation time of > 60 s).

> 0o

)

ote the input level Up,ay input (v) Of the EUT which represents the maximum opernating
rput level of the EUT at the measured channel.

4.3.6.2.2.6 Presentation of results

The orst-case value of the maximum@perating input level U,y inpyt (v) OF the EUT at full
gain,|with N channels applied and expressed in dB (uV/Hz), as defined in 4.3.6.2.2.5j shall be
published.

For gingle house amplifiers(the output level Upay output %\, can be used instead of Unyainput
(N) - Such return path in-house amplifiers typlcally have the adjustable attenuator at the jinput
of the return path amplifier to avoid overloading of the return path amplifier.

The frequency slope of the EUT used for the measurements shall be published.

4.3.6.3 Measurement of the composite intermodulation noise ratio CINR

4.3.6/.34 General

In addition to the measurement of the maximum operating level Up,, (y) of broadband
equipment at the borderline of the bit error ratio (1 x 1079) according to 4.3.6.2, the
carrier-to-interference noise ratio shall be determined.

4.3.6.3.2 Equipment required

Figure 4 shows the measurement test setup.

The equipment required is the following:

a) for the forward path, use the full channel loading described in 4.3.6.2.1.1; for the return
path use the channel loading shown in Table 1;

b) a number N of null packet or of pseudo-random bit sequence (PRBS) generators;

c) a combiner for the output signals of the 256 QAM modulators with negligible distortion;
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