INTERNATIONAL IEC
STANDARD 60728-3

Third edition
2005-06

Part 3:

Active wideband(egb
networks<‘ :

Reference number
IEC 60728-3:2005(E)



https://iecnorm.com/api/?name=9f59217dd67687f28c272820161d7fca

Publication numbering

As from 1 January 1997 all IEC publications are issued with a designation in the
60000 series. For example, IEC 34-1 is now referred to as IEC 60034-1.

Consolidated editions

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

Further information on IEC publications

thus ensuring that the content reflects current technology. Informati
this publication, including its validity, is available in the IE
publications (see below) in addition to new editions, amendment$
Information on the subjects under consideration and work in
by the technical committee which has prepared this publicat{
of publications issued, is also available from the following;

. IEC Web Site (www.iec.ch)

. Catalogue of IEC publications



http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/ justpub
mailto:custserv@iec.ch
https://iecnorm.com/api/?name=9f59217dd67687f28c272820161d7fca

INTERNATIONAL
STANDARD

IEC
60728-3

Third edition
2005-06
Cable networks for televi Is,
sound signals and inte s —
Part 3: ’
Active wideband(equip or coaxial cable

networks

®

© IEC 2005 — Copyright - all rights reserved

No part of this publication may be reproduced or utilized in any form or
mechanical, including photocopying and microfilm, without permission in writing

by any means, electronic or
from the publisher.

International Electrotechnical Commission, 3, rue de Varembé, PO Box 131, CH-1211 Geneva 20, Switzerland

Telephone: +41 2291902 11 Telefax: +41 22919 03 00 E-mail: inmail@iec.ch

Web: www.iec.ch

Commission Electrotechnique Internationale
International Electrotechnical Commission
MexayHapoaHas 3nekTpoTtexHuyeckas Komuccus

pricE cobE XA

For price, see current catalogue


https://iecnorm.com/api/?name=9f59217dd67687f28c272820161d7fca

—2- 60728-3 © IEC:2005(E)

CONTENTS

FOREWORD ...ccuiii ittt ettt et e e et e e e e e et et e e e e e e e e e e e e e e e e e et eerenns 4
INTRODUGCTION ... e ettt e e e e et e e e e e e e et e et e et e eaaeennes 6
LS T o7 o o 1= TP 7
2 NOIMaAtiVe FEfEIENCES . o e 8
3 Terms, definitions, symbols and abbreviations..............o 9

3.1 Terms and definitioNs ..o e 9

3.2 SYMDOIS .o e S

3.3 Abbreviations ... AN XY

4 Methods of measurement

4.1 Linear distortion ........cooiiiii A N\ N A T D i (ST 15
4.2 Non-linear distortion..........ccooiii N A L NG 2 17
4.3| Automatic gain and slope control step response /.. 5 N\ - Ntk eeeeNeeerreeeneindiinennn. 32
4.4 NOISE fiQUIe ...ccuii i TG e N N e e ernnee e, 34
4.5| Crosstalk attenuation...........cooooiii o e N e N e e reeeeeee 34
4.6| Signal level for digitally modulated signals\....>../.... v Ne . 0

4.7

5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9

5.1(

5.11

5.12

5.11

5. 14—Poewerstpply— e e 44

5.15 ENVIrONMEN Al ..o e 44

D108 MaArKiNG oo e 44

5.17 Mean operating time between failure (MTBF) ..o 45

5.18 Requirements for multi-switches ....... ... 45
Annex A (normative) Test carriers, levels and intermodulation products...............cc.oeeeinnie. 46
Annex B (normative) Checks on test equipment ... 48
Annex C (informative) Test frequency plan for composite triple beat (CTB), composite
second order (CSO) and crossmodulation (XMOD) measurement ............ccooviiiiiiniinecnneenn. 49
Annex D (informative) Measurement errors which occur due to mismatched equipment....... 50

Annex E (informative) Examples of signals, methods of measurement and network
deSigN fOr FEIUIN PATNS .o e e 52

Bl OG AP Y e e 59


https://iecnorm.com/api/?name=9f59217dd67687f28c272820161d7fca

60728-3 © IEC:2005(E) -3-

Figure 1 — Maximum error a for measurement of return loss using VSWR-bridge with

directivity D = 46 dB and 26 dB test port return [0SS.......ccoveiiiiiiiii 16
Figure 2 — Measurement Of return 10SS.......cooiiiiiiiii e 16
Figure 3 — Basic arrangement of test equipment for evaluation of the ratio of signal to
intermodulation ProdUCT ... e 20
Figure 4 — Connection of test equipment for the measurement of non-linear distortion

DY COMPOSITE DAL.... e 23
Figure 5 — Connection of test equipment for the measurement of composite

CrOSSMOAUIATION. ... ettt 27
Figure g—Carrisrthumratio———————————— e

Figure ] — Test set-up for local-powered objects..........c.coiiiiiiiiin N O
Figure § — Test set-up for remote-powered objects
Figure 9 — Oscilloscope display .......cooeviiiiiiiiiiiiiiiieeeeea,

Figure 10 — Time constant Tq........coooooo N D NG 22
Figure 11 — Measurement of AGC step response .........ooo. i\ - - N0t e eeeNerenrennennns
Figure 12 — Measurement of noise figure
Figure 1
Figure 1
Figure 1
Figure 1
Figure A
Figure A.2 — An example ghow
Figure A.3 — Products ¢f thexfor
Figure 0.1 — Error.con i

D.2 — Ma@-ﬂ

Figure E.

Figure L

Figure E.
Figure E.
Figure &
Figure E.
Figure E.

whole ¢

Figure E.6:= The CINR of an optical link-as a function of OM/example ... 58
Table 1 — Correction factors where the modulation used is other than 100 % ........................ 25
Table 2 — Notch filter freQUENCIES ......ooviiiii i e 37
Table 3 — Return loss requirements for all equipment ... 41
Table C.1 — Frequency allocation plan ... 49

Table E.1 — Application of methods of measurement in IEC 60728-3 for return path
L= LU ] o] 0 1= 0 S 53

Table E.2 — Application of methods of measurement in IEC 60728-6 for return path
Lo LU 1T o]0 1= o] SO PP 53


https://iecnorm.com/api/?name=9f59217dd67687f28c272820161d7fca

-4 - 60728-3 © IEC:

INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 3: Active wideband equipment for coaxial cable networks

2005(E)

FOREWORD

1) The Irjternational Electrotechnical Commission (IEC) is a worldwide organization fo pmprising
all ndtional electrotechnical committees (IEC National promote
interngtional co-operation on all questions concerning standardlzatlon in the eJéctxical and fields. To
this ehd and in addition to other activities, i}ications,
Technlical Reports, Publicly Available Specifications (PAS) and Guigé as “IEC
Publidation(s)”). Their preparation is entrusted to technical committees; agy IE nterested
in thg subject dealt with may participate in this preparatory wor, and non-
governmental organizations liaising with the IEC also partl(:lpate if thisNprepa bs closely
with the International Organization for Standardization (ISO) i sg Wi ondjtions deterimined by
agreenent between the two organizations.

2) The fq ernational
consepsus of opinion on the relevant subjects since g from all
interested IEC National Committees

3) IEC Publications have the form of recominend National
Comnlittees in that sense. While all reason nt of IEC
Publigations is accurate, IEC cannot be he r for any
misinterpretation by any end user.

4) In order to promote internatignal uniformit blications
transparently to the maxi vergence
betwepn any IEC Publicatioland indicated in
the lafter

5) IEC b for any
equipment decl

6) All usérs should

7) No liapility shall att perts and
mem amage or
other damage of any ees) and
expenges arj bther IEC
Publig

8) Attent ications is
indisppr

9) Attent subject of
paten

Internat

onal 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 third edition cancels and replaces the second edition published in 2000 of which it
constitutes a technical revision.

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

edition:

— New

methods of measurement:

« crosstalk attenuation, 4.5,

« signal level for digitally modulated signals, 4.6,
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* method of measurement for non-linearity of return path equipment carrying only digital
modulated signals [Measurement of composite intermodulation noise ratio (CINR)],

4.7,

- New requirements for multi-switches, 5.18;

— New informative Annex E: Examples of signals, methods of measurement and network

design for return paths

The text of this standard is based on the following documents:

FDIS Report on voting
100/946/FDIS 100/976/RVD

Full infdgrmation on the voting for the approval of this standard can be/f
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IE

report on

IEC 60728 consists of the following parts, under the gene levision

signals,|sound signals and interactive services:

Part 1: Methods of measurement and syste f 2: Electromagnetic
compatibility for equipment

Part 3:

Part 4. t i i der consideration)

Part 5:

Part 6:

Part 7-1[: s monitoring — Physical (PHY) layer

Part 7-2: id ™ i tus monitoring — Media access contro] (MAC)

Part 7-3: [ id ant status monitoring — Power supply to trangponder

Part 9: V/SMATV headends and similar professional equipment for

Part 10
Part 11;
Part 12

Electromagnetic compatibility of systems

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in

the data related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
*+ amended.

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

Standards of the IEC 60728 series deal with cable networks including equipment and
associated methods of measurement for headend reception, processing and distribution of
television signals, sound signals, interactive multimedia signals, interfaces and their
associated data signals, using all applicable transmission media.

This includes:

- CATV networks;
- MATV networks and SMATV networks;

- indiJidual receiving networks,

and all kinds of equipment, systems and installations installed in suc

The ext sowrcevihputs to

the hea

The sta erminals,|etc.) as

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

Part 3: Active wideband equipment for coaxial cable networks

1 Scope

This part of IEC 60728 lays down the measuring methods, performance requirements and
data publication requirements for active coaxial wideband distribution equipment of cable

network

This st3
frequen

NOTE T
which the

All requ
frequen

This sta
« appl

* Covg

e lays
actiy

e statg

Amplifie

Grade 1
Grade Z:

Practics
necessy
not be d

he upper limit of 3 000 MHz is an example, but not a strict value. ges, over
equipment is specified, should be published.
rements and published data are understood as guars
Cy range and in well-matched conditions.
ndard
« applies to one-way and two-way equi
down the basic ¢ne 5 of the
e equipment in.orde
« identifies the perfo BrS;
s the mi
sidence,
shown these types meet most of the technical requifements
ing a minimum signal quality to the subscribers. This classification shall
onsidered as’a requirement but as the information for users and manufacturerg on the
h \quality criteria_of the material required to install networks of different sizes. The

minimur

system operator has to select appropriate material to meet the minimum signal quality at the
subscriber’s outlet, and to optimise cost/performance, taking into account the size of the

network

and local circumstances.

All requirements and published data are understood as guaranteed values within the specified
frequency range and in well-matched conditions.
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2 Normative references

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

IEC 60068-1:1988, Environmental testing — Part 1: General and guidance
Amendment 1 (1992)

IEC 60068-2-1:1990), Environmental testing — Part 2: Tests. Tests A: Cold
Amendment 1 (1993)
Amendrfient 2 (1T99%)

IEC 60068-2-2:1974, Environmental testing — Part 2: Tests. Tests B: [J
Amendment 1 (1993)

Amendment 2 (1994)

IEC 60(068-2-6:1995, Environmental testing — Part 2: Tests bidal)
IEC 60068-2-14:1984, Environmental testing — Part 2; ) fragge of temperature
Amendment 1 (1986)

IEC 60068-2-27:1987, Environmental testing — "es , hock
IEC 600 imp
IEC 600 : Damp
heat, cyclic (12 + 12-hour cycle)

Amendment 1 (1985)

IEC 60068-2-31:1969, topple,
primarily for equipmen

Amendment 1 (1982

IEC 600 bdure 1)
Amendn

IEC 600 cold/low
air pres

Amendn

IEC 600 Environmental testing — Part 2: Tests. Guidance on the applidgation of
the test} of (E simulate the effects of storage

IEC 60169-2:-4965—Radic-frequency—eonnestors—PRart—2—GCoaxial—unmatehed—eonnector
Amendment 1 (1982)

IEC 60169-24:1991, Radio frequency connectors — Part 24: Radio frequency coaxial connectors
with screw coupling, typically for use in 75 ohm cable distribution systems (Type F)

IEC 60417-DB:20021 Graphical symbols for use on equipment

IEC 60529:1989, Degrees of protection provided by enclosures (IP Code)
Amendment 1 (1999)

1 “DB” refers to the IEC on-line database.
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IEC 60617-DB, 20012 Graphical symbols for diagrams — database comprising parts 2 to 13 of
IEC 60617

IEC 60728-1:2001, Cable networks for television signals, sound signals and interactive
services — Part 1: Methods of measurement and system performance

IEC 60728-2:2002, Cable networks for television signals, sound signals and interactive
services — Part 2: Electromagnetic compatibility for equipment

IEC 60728-4:2000, Cable networks for television signals, sound signals and interactive
services — Part 4: Passive coaxial wideband distribution equipment

IEC 607

064 Hteractive
serviceg — Part 5: Headen

d equipment

IEC 60728-6:2003, Cable networks for television signals, soung eractive

serviceg — Part 6: Optical equipment

IEC 607]28-10:2001, Cable networks for television signal,
serviceg — Part 10: System performance of return path

interactive

IEC 607
services

interactive

IEC 613
IEC 613
IEC 804

ES 200 Rigital Vi Bre ing (DVB); DVB interaction channel for Cable
TV distn :

3 Ten

For the
apply.

viations

31 T

3.1.1

equalispr
device gesigned to.gcompensate over a certain frequency range for the amplitude/frequency
distortignuerphase/frequency distortion introduced by feeders or equipment

NOTE This device is for the compensation of linear distortions only.

3.1.2

feeder

transmission path forming part of a cable network. Such a path may consist of a metallic
cable, optical fibre, waveguide or any combination of them. By extension, the term is also
applied to paths containing one or more radio links

2 «pB” refers to the IEC on-line database.
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3.1.3
decibel ratio
ten times the logarithm of the ratio of two quantities of power P, and P,, i.e.

11

3.14
standard reference power and voltage
in cable networks, the standard reference power, Py, is (1/75) pW

NOTE This is the power dissipated in a 75 O resistor with an r.m.s. voltage drop of 1 yV acress it

the standard reference voltage, Uy, is 1 pV

3.1.5
level

of any pgower P, it is the decibel ratio of that power to the stande 3] Py i.e.

10 Igi

B

of any aqdard reference volfage U,
i.e.
The poper level may bg e i . relative to Py = (UOZ/R) = (1/75) pW, i.d.
in dB(Pq), taking into a ~ prresponds to 0 dB(P) or, as more|usually,
in dB(p\{V), taking into Py corresponds to —18,75 dB(pW). The| voltage
level is 3xpressm@ 3t KUV Xacross 75 Q), i.d. in dB(pV).
3.1.6
attenuation
ratio of power of an equipment or system, usually exprg¢ssed in
decibels
3.1.7
gain
ratio of er to the input power, usually expressed in decibels
3.1.8

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

3.1.9
slope

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

equipment or system

3.1.10
crossmodulation

undesired modulation of the carrier of a desired signal by the modulation of another signal as

a result of equipment or system non-linearities
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3.1.11

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)

3.1.12
noise factor/noise figure
used as figures of merit describing the internally generated noise of an active device

The noise factor, F, is the ratio of the carrier-to-noise ratio at the input, to the carrier-to-noise
ratio at the output of an active device.

_C,IN,
C2/N2
where

C, is the signal power at the input;
C, is the signal power at the output;

N, is the noise power at the input (ideal thermal noisg);
N, is the noise power at the output.

In other|words, the noise factor is the @we output of an active device to
the noisle power at the same point if the device eal and added no noise.

The noise factor is dim

3.1.13 :

ideal th
noise g(f

nsie sed as noise figure, NF, in dB

(dB)

The thef

where
P isth
B is the bandwidih in heriz;

k is the Boltzmann's constant = 1,38:10-23 J/K;

T is the absolute temperature in kelvins.

nojse power in watts;

It follows that

2
U—=4D?DKIIT
R

and

U=+4[RBKIT
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where
U is the noise voltage (e.m.f.);
R is the resistance in ohms.

In practice, it is normal for the source to be terminated with a load equal to the internal
resistance value, the noise voltage at the input is then U/2.

3.1.14

chrominance-luminance delay inequality

difference in transmission delay of chrominance and luminance signals, which results in the
spilling of colour to left or right of the area of corresponding luminance

[IEV 723-06-0T1]

3.1.15
well-mdtched

matchinlg condition when the return loss of the equipment co
Table 3

requirefhents of

NOTE Tphrough mismatching of measurement instruments and the més qsurement errors are

possible. Comments to the estimation of such errors are given in A

3.1.16

multi-switch

equipment used in distribution syste ites and
converted to a suitable IF

NOTE T i i [ 3 oQs, frequency bands and orbital posjtions are
input sigr ch output
port is swi s ubscriber
equipmenit to the multi-switch. ol i , a multi-
switch cap contain amplifiers toxgomp i 9

3.1.17

multi-switch loop:\th

one or rore ports

NOTE Thi group of
subscribe iyed by an
outdoor uni equency bands and orbital posmons are input signals to a first multi-
switch. C ports of this multi-switch to the input ports of a second multi-swifch and so
on.

3.1.18

multi-switc estrial signals

port in i=Switch \used to distribute terrestrial signals in addition to the signals feceived
from safellites

3.1.19

crosstalk attenuation

unwanted signals beside the wanted signal on a lead caused by electromagnetic coupling
between leads. It is the ratio of the wanted signal power to the unwanted signal power, while
equal signal powers are applied to the leads and is usually expressed in decibels

3.1.20
composite intermodulation noise (CIN)
sum of noise and intermodulation products from digital modulated signals

3.1.21
composite intermodulation noise ratio (CINR)
ratio of the signal level and the CIN level
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3.2 Symbols

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

Symbols Terms Symbols Terms
@ Ammeter @
[S00910]
/4::/ . Power meter
~ @ Selective voltmeter @ [S00910]
\

Voltmeter
[S00910]

& Signal generator
~A [S00899, S01403]
b
& Noise generator
hg [S01230] Q ,
VSWR-bridge 7%/’& [§01'§2§]S filter
.n-.
LN\ )
Y High-pass filter \%/ Band-pass filter
o [S01247] [S01249]
AC Band-stofilt > Device Under
o~ and-s er
N [S01250 DUt Test
[S00059]
X
\ A Variable attenuator
15 A [S01245]
|
p Tap-off-box
K o) Optical receiver
E [S00213]
lifier with return path Spectrum analyzer
E amplifier P(f) (electrical)
[S00433] [S00910]
Adjustable AC voltage
ﬂ—[>— Detector with LF-amplifier v source
(Functional equipotential c .
- apacitor
bonding) - [S00567]
[S01410]
RF choke il Variable resistor
Y\
[S00583] [S00557]
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3.3 Abbreviations

AC alternating current

AF audio frequency

AGC automatic gain control

AM amplitude modulation

BER bit error rate

CATV community antenna television (system)
CIN composite intermodulation noise
CINR composite-intermodutationnoiseratio
CSO composite second order

CTB composite triple beat

Cw continuous wave

DC direct current

DUT device under test

EMC electromagnetic compatibility
HP high pass

IF intermediate frequency

IP international protection

LF low frequency

LP low pass

MATV master antenna television'\(8y
MTBF Ve® e

OoMI p@n

PAL

RF

RMS

RS

SECAM

SG

SMATV satellite master antenna television (system)
TV television

VSWR voltage standing wave ratio

XM crossmodulation

4 Methods of measurement

This clause defines basic methods of measurement. Any equivalent method that ensures the
same accuracy may be used for assessing performance.

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.
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The test set-up shall be well-matched over the specified frequency band.

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 usual 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:

« to use a specialised cable for the terrestrial signal, in addition with the cables used for the
satellite IF signals and then, on each output port the terrestrial signal is combined with the

selefted satellite IF signa;.

witch in

ponents
with the
,7 GHz to

12,75 GHE to the satellite IF frequency range may convert signals in the pquencies
below the satellite IF frequency range. These frequencies have to be erference
with terreptrial signals on the same cable.

For megsurements on multi-switches, it is necessary that)cont b output
ports tHat are involved in the measurement. nnected
between the multi-switch output port a s-tee is
connected to a standard receiver that \gen : \ hs to be
taken that the influence of the bias-tee on the\me ult is insignificant. Thig can be
achievefl by including it into the calibration or using‘a twork analyzer with a built in bigs-tee.

41 L
411

The mdthod de
g in the :

operatin

All inp

automati

attenua

4111

a) As
equi

near distortion

Return loss

prment to betested.

uipment

tions of
ers and

of the

Car

must De taken 10 ensure that the Ssignal generator or sweep generator out

not have a high harmonic content as this can cause serious inaccuracy.

b) A voltage standing wave ratio bridge with built-in or separate RF detector.

ut does

The accuracy of measurement is dependent on the quality of the bridge; in particular on
the directivity and on the return loss of the test port of the bridge. For example Figure 1
shows the maximum accuracy achieved by a bridge with 46 dB directivity and 26 dB return
loss.
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3dB
2dB /
/

D=46dB

1dB /
-~
\

Maximum error a
o

-1dB

-2 dB

-3dB
0dB 10 dB 20 dB

Measured return loss

Figure 1 — Maximum error a for measurement

c) An gscilloscope.
d) Calibrated mismatches.

41.1.2

The equ

(= DUT

Device under test

Oscilloscope

IEC 873/05

Figure 2 — Measurement of return loss

41.1.3 Measurement procedure

All coaxial input and output ports, other than those under test, shall be terminated in 75 Q.

Ensure that there is no supply voltage on the port being measured as this could damage the
bridge. If it is necessary to use a voltage blocking device, use one with a good return loss
(10 dB above requirement).

Only good quality calibrated connectors, adaptors and cables shall be used.
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The measurement procedure comprises the following steps:

a) connect the equipment as shown in Figure 2;

b) set the signal generator output level so that the device under test is not overloaded;

c) use calibrated mismatches to calibrate the display on the oscilloscope;

d) connect the device under test as shown in Figure 2 and check the return loss over the

specified frequency range.

4.1.2 Flatness

Methods_of measurement are well-known and a full description of the procedur

is not

necessagry.

Measur
taken th

413

The well-known 20T pulse method of measurement is u

42 N

Genera

In a nor
terms, 9

express

If the in

form:

CVia,sin(w;t + @,)

ies of terms each of which can be expressed in the

gmst be

5.

finity of
but, and
can be

general

where d&—isthesum—-ordifference—of-integra

fa|
tegral
frequencies, for example:

D
oot

4ap, 20y — w3, 4wy + Wy, 2 + W + ;.

This may be written in a general form as:

Wi = p1oy T prth * p3ly E....pyly

where

7] is the angular velocity 211f;

P1r P2s---Ppm are positive integers (including 0);

@ is the relative phase of the output signals;

| ositive-multinles of onae or more-of t
th-e—RtHHpres—o+—ohRe—or—mofre—o+—+

he input
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ag is a coefficient of the transfer function;

Vi is a term dependent on the product of powers of the amplitudes of the input
signals (74, V5, etc.) where the sum of the powers equals #;

C is a numerical multiplier.

It should be noted that terms at the same frequency may arise from several different terms in
the transfer function, i.e. for several different values of n.

Each component of the output signal represented by such an expression with » > 1 is a non-
linear distortion product, where ¢j is an integral multiple of a single term in the input signal,
for example 4 w,, the product is regarded as a harmonic d|stort|on product. If it is formed from
two or nfore terms, for exampie 2, — ok, KMOWN as _an intermodutation distorton product.

Since the values of a4, a,, a3, etc., usually decrease relatively rapid ith \incrgasing values
of n, it [s found that the predominant non-linear output signals akise\ffem (ke termp in the
transfer|function in such a way that the sum p +py+...p,, = 3 defined as the‘jorder of
the nontlinear distortion product, for example 3w, — 2aj; is a ffth o &t product arising from

the tern a5Vir‘:’ .

The m input signals represented in the expression/arem : ily distinct signals. Any
periodiq signal may be represented by a series i in the expregsion for
Vin. For|the predominant non-linear output signe

so that|if the amplitudes 6 i ultiplied by a common factof X, the
amplituge of the nth order |st e Multiplied by K" (since py + p, +]:?]+...pm
= n). When the levels 0 put signals\are.raised by 1 dB, the level of any signal nth order
distortign product will and\the resultant signal/distortion ratio will decrease
by (n=|1)dB. T relg i ill Yhe efetred to as the "standard level variatign" of a

distortign producty

If a dist
occur w
the me3g

nents of different order, and/or different order products
e device used to measure the level of distortion produgts, then
y a standard level variation.

In princ inite.number of terms is necessary for a complete description of a ngn-linear
charact r|st| > v onsidering the standard level variation of terms of different order,
the relgtive~contribution of higher-order terms increases with the level of input [signals.
Convergely; if signatlevels are low enough, only a few of the lowest order terms will produce
significanfxCantributions at the output

If all input signals are limited to a frequency band of less than one octave, the frequencies of
all second-order terms will fall outside the band limits. Signal frequencies can also be
allocated in two or more non-contiguous bands in a manner that will place all second-order
products outside the bands.

Third-order distortion products, in particular some of the products that occur at frequencies
represented by ay * «, * w; cannot be kept out of the band that contains the input signals.
The accumulation of third-order distortion products may therefore be a limiting factor in the
performance of a wideband multi-channel distribution system.
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Measurements

Measurements related to the following phenomena are described:

< intermodulation between two or three single frequency signals;

e composite beats produced by a number of single frequency signals;

* composite crossmodulation between a number of single frequency signals.

A prope

r specification shall include at least the following details:

a) the particular effect that is measured;

b) the flequired signal to distortion ratio.

The resplt of the measurement shall be given as the worst-case ma

equipm
level is

The effqg

4.2.1
4211

The twd
measur
within t
perform
NOTE 1

interval rdg
vision car

In these
measur

Exampl

Second

more thgr

Third-or

um sigrall

nt output that allows the required signal to distortion rati
5loped with frequency, this shall be defined.

ct shall be defined as being of a particular order (e4g. ermodulat

Intermodulation
General
equal carrier and the three

ement of the ratio of the carrier
he cable network. The method

ance of individual items of equ \
It should be especialfy nots qultaheolis use of many channels spaced by the same
sults in a large nyumbeRf intg products \(garticularly those of the third-order) falling

cases, th
bment proged

p| at the

met."i_the, output

ion").

e to the

ed point

dulation

frequency
near the

ernative

A.

overing

systems

NOTE 2

If the unequal carrier method of measurement, as described in IEC 60728-5_ is used, the ol

tput level

giving the appropriate signal to distortion ratio must be decreased by 6 dB to obtain the correct result for the equal
carrier method described here.

4.2.1.2

Equipment required

a) A selective voltmeter covering the frequency range of the equipment or system to be
tested. This may be a spectrum analyzer.

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 4.2.2.2 a).
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d) A combiner will be required for tests on equipment and systems with a single input
(Figure 3).

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 B).

4.2.1.3

Connection of equipment

The equipment shall be connected as shown in Figure 3.

NOTE 1

checks gi
The seleq
the possil

NOTE 2
the form (

Unless
nominal
are con

Signal )
generators LP-filters
G |
~~ VN elective
[ ' voltrietel

Combiner

Vo0 ”
G : DUT 4 A &:@/
/'\_/ [ \

G
[N

&

IEC 874/05

stabt over the frequency range or not. If the specified output levels are not ¢

ven in Annex B. The filters at the sighal germe y be needed to suppress spurious signals.
Q preyent ¥ dulation in the meter. If a filter is U
3 s ducing the atteyuator value below 10 dB.

results of

sed, then

r to be in

| be the
t levels
onstant

over fr
results.

quency range tnhen tne output Ievels off attthe test signals shall De quore'

in the

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.


https://iecnorm.com/api/?name=9f59217dd67687f28c272820161d7fca

60728-3 © IEC:2005(E) —21-

b) 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 B).

The selective voltmeter shall be calibrated and checked for satisfactory operation (see
Annex B).

A check shall be made for possible intermodulation between the signal generators at the
output levels to be used for the tests (see Annex B).

C) Meastrement

Set the|signal generators, in CW mode, to the frequencies of the testsign 2.2.4 a)
and Aanex A) and adjust their outputs and that of the different poipts\okthe\sysiem gs far as
the poi :

Connecy the variable attenuator and selective voltmeter and\othercit i ired (see
Annex B) to the output of the device under test. Tune the ‘ nd note
the attgnuator value a4 required to obtain a convenjen ference
signal. The attenuator value a4 should be slightly gfea dulation

ratio expected at the point of measurement.

Tune the meter to the intermodulatio
variablel attenuator to the value a, requirg

land reduce the setting of the
vieter reading R.

NOTE When measuring levels of intermodulatjon praductsiit m e\necessary to insert a filter at the ifput to the
meter (se 5 i S filter at the frequency of the products shall
be added

where
a4 is t:[
as ist

4.2.2

signal used as a reference in dB;

e intermodulation product in dB.

4.2.21

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,
so that the composite triple beat measured is that generated by all the carriers except that of
the measured channel.
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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) dB(pV) 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;

(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 thecomposite triple beat ratio, usually given as a minimum specific

Becausg¢ of the large variety of frequency plans in use throughout t need to
compar¢ readily performance specifications of different manufac i nt, the
measurg¢ment should be made with the carriers listed in Annex.C {the\caxri Il in an

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

The visjon carrier frequencies are arranged in groups and o A\CO pleteNgroups shall be
used, ekcept as stated below. If an amplifier is spegifiedtup~e,'450 WMIHZ/ group A shall be
used. If|specified up to 550 MHz, groups A and B 3 ified up to 862 MHz,
all groups A, B, C, D and E shall be used.

Group A can also be used in part, bandwidth of the equipment
under t¢st. The frequencies deleted sha rrier 48,25 MHz is not|used in
case where the forward path starts wi he results of measurements ghall be
publishged including the notice "without (Ba . the equipment can operat¢ at all
frequengies in group A thi S ad together with the result where only @ part of
group Alis used.

For all pass bands, the performance (shall™Ne quoted for the maximum possible number of
complete group panufagtuter may, i addition, provide a performance figure for|a larger
number|of carrier c

4.2.2.2

The foll

a) asp z video
banc
NOTE When' using & spectrum analyzer with minimum video filtering capabilities greater than 10 Hz, the

compjosite third-order distortion may be noisy and should be read at the middle of the trace.

b) a variable 75 Q attenuator, adjustable in T dB steps,

c) 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 analyzer itself do not contribute
significantly to the composite beat products to be measured.

The passband of this filter shall be flat, at least to within 1 dB over the frequency range of
interest, and shall be well-matched over the complete frequency band. If necessary, a
fixed attenuator shall be connected at the input to the filter;.

d) 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 4.2.3.1);
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e) a combiner for the signals from the generators;

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.

4.2.2.3 Connection of equipment

The equipment shall be connected as shown in Figure 4.

Signal )
generators  LP filter P BP filter
R =Sl
[ R 7
SGr | AL | N :_ A | X =]
Spectrum
analyzer

o,
O—

IEC 875/05

gure 4).
n will be

for an output level at point A equal to that whic
device under test is connected;

50 kHz/div.
vertical scale 10 dB/div.

scar] width

scan time 0,5 s/div

c) tune the spectrum analyzer so that the vision carrier of the channel in which the
measurement is to be made is centred on the display screen;

d) adjust the sensitivity of the spectrum analyzer 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,;

e) insert the bandpass filter corresponding to the channel to be measured and adjust the
input attenuator to correct for the attenuation of the filter;
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f) disconnect the generator for the channel to be measured and terminate the combiner with
its nominal impedance;

g) verify that the intermodulation products generated in the spectrum analyzer 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 the steps d) to g) of this procedure with
decreased sensitivity of the spectrum analyzer;

h) note the setting of the sensitivity control;

i) connect the signal generator again and repeat steps c) to h) of this procedure for all
channels;

j) 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;

k) adjugt the centre frequency of the spectrum analyzer as in st c) and.fnsert the
appropriate bandpass filter;.

I) adjupt the input attenuator (internal or external) to return the {esyp e spectrum
analyzer to the vision carrier to full scale with the appropriate\ setti i nsitivity
control (see step h);

m) discpnnect the generator for the channel to be measurgd a her with
its npminal impedance;

n) the |composite triple beats are clustered withiy : so the
signpl/composite triple beat ratio can be re pectrum
analyzer;

0) adju ble beat
ratio

p) mea

q) reps

r) the ble beat
ratio

4.2.3

The tes e as for

the comlposite tri

4.2.3.1

The teste

4.2.3.2

The proscedure—is—asforcomposite—triplebeat-exceptthatthe secondorderbeatslare not

ot

clustered (15 kHz) about the exact carrier frequencies but may be clustered (x10 kHz) at
+0,75 MHz or +0,25 MHz from them. The carrier/composite second order distortion ratio can
be read directly off the screen of the spectrum analyzer.

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
analyzer.

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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Composite crossmodulation

General

- 25—

The multi-signal method of measurement is used. The equipment output signal levels that
produce the required composite amplitude crossmodulation ratio and the composite total
crossmodulation ratio are measured.

The method described is applicable to the measurement of crossmodulation by the transfer of
modulation from multiple interfering modulated signals on to an unmodulated wanted signal.
Measurements are made using the same carrier frequencies as for composite second order,
i.e. as shown in the Table C1.

ewgltage at
alsq the level

The mefhod uses multiple interfering signals synchronously modulated
the peak of the modulation envelope is equal to the reference level
of the upmodulated wanted signal.

that
which

A corregtion factor is included to allow for the use of modulatigh % (see

Table 1).

Tlable 1 — Correction factors where the mod i

Modulation (AC coupled) \}%g‘”“gsf med
W AN L
100 AL
5 PN 0,4
80 ( ~ X 09
G NN 1,4
60 ( |\ 1.9
, S W 2,5
RSN < 3,1
DREES

is defined as the transfer of amplitude modulat{on from
wanted carrier, and can be expressed as follows

Compogi
a numb

p voltage of wanted amplitude modulation
p - p voltage of transferred amplitude modulation

odulation is defined as the transfer of total modulation, i.e. thp vector
wanted

Compogite, total crt
sum of pmplitude and phase modulation, from a number of modulated signals to the
Carrier, na can pe expressed as TONOWS.

p - p voltage of wanted sideband
p - p voltage of transferred sideband

The measurement results obtained at the chosen depth of modulation are corrected to those
which would be obtained with 100 % modulation (see Table 1).

The device under test is measured at the maximum output signal level that will allow a
particular wanted modulation/composite crossmodulation ratio to be achieved (usually 60 dB).
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4.2.4.2 Conditions of measurement

a) The measurements shall be carried out with all the input signals present. These shall be
appropriate to the frequency range of the particular device under test and in accordance
with the Table C1.

b) Where the equipment to be measured includes AGC, the tests shall be made at the input
signal's nominal levels.

c) All levels shall be expressed in r.m.s. values.

4.2.4.3 Equipment required

The foll

a) an R [ i equipment to be

and [a bandwidth adequate to pass the desired AF sideba Wi uatioh. If the
seleftivity and linearity of the voltmeter are not adequaté to prevent the g ation of
spurjious signals, it is essential that the bandpass filter gt

The |RF selective voltmeter shall indicate the r.m.s. its Sj | at the peaks of

the fnodulation envelope'
b) sign nnex C,
all n to be

the line scan frequency pf the TV
equency circuits (e.g. decoupling) in the
multiple of the power supply frequgncy.

¥ pulse modulation) may be used
or, bo h calibration and measurement,|and the

ientoutput to provide common modulation of the

e modulation frequency to be used and Having a
the expected crossmodulation ratio;

atfenuators, filters, etc. to obtain the correct signd|l levels,
purious signals;

matched over the complete frequency band If necessary, a fixed attenuator shall be
connected to the input of the filter.

4.2.4.4 Connection of equipment

Connect the equipment as shown in Figure 5.
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Modulating

voltage Signal
generator generators LP filters

—_———
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|
S e

— 27 —

RF AF
BP filter  selective selective
(if necessary) voltmeter voltmeter
L ~_

|
|

X

>

R EAY,

>

>

BP filter

A1

4245

The me

ive the dési
RF selectiv

Q.0 _—+ e N (W75 )

o_~+ (0

witch<on.all the
yanted carrie

g
S
\
g
S

frequency, note the level of the demodulated amplitude crossmo
ignal on the AF selective voltmeter;

pectrum
nalyzer

IEC 876/05

e modulation depth and adjust the @
e output of the equipment to be tested u

utput to
s5ing the

wanted
br for a

 output
the RF

d to the
dulation

modulated signals and, with the RF selective voltmeter tune

the difference in decibel between the levels obtained in steps c) and e), corrected as in

Table 1, is the amplitude crossmodulation ratio referred to 100 % modulation. Adjust
the attenuator A1 of Figure 5 and compensate for the change in output level using

attenuator A2 in
ratio;

g)

order to obtain the required composite amplitude crossmodulation

the worst case maximum output level giving the required signal to composite amplitude

crossmodulation ratio shall be noted for publication.

Composite total crossmodulation

h) connect the output of the system or equipment under test to the spectrum analyzer;
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i) adjust the spectrum analyzer as follows:

IF bandwidth 1 kHz;
video bandwidth 10 Hz;
scan width 5 kHz/div.;
vertical scale 10 dB/div;
scan time 2 s/div

2005(E)

j) tune the spectrum analyzer to the channel on which the measurement is to be made so
as to display the vision carrier and a frequency range of 25 kHz on either side of the

carrier;

k) switch off all other channels and switch on the modulation of the channel to be
measured;

I) ipsert the bandpass filter corresponding to the channel to be rie djust the
ihput attenuator to correct for the attenuation of the filter;

NOTE When using a spectrum analyzer with minimum video filtering 0 Hz, the
gomposite crossmodulation may be noisy and should be read at the R

m) gdjust the sensitivity of the spectrum analyzer togettie external
ihput attenuator in such a way that the responses to imately
15 kHz on either side of the vision carrier, coprespong ; At the
dJame time, the noise level shall be at le bn level
gxpected;

n) gwitch off the modulation of the dulated
garriers;

0) measure the amplitude of the sidetrands\o er side of the wanted carrier caused by
the total composite crossmodulatiga~transfe he difference in dB between|the full
gcale reference and C debn corrected as in Table 1, is the total
grossmodulation ra S Q 100 % 1od i
Adjust attenuatp and._compensate for the change in output Jevel by
ysing the attepuatgi\ A2 i 0 obtain the required total compositg cross-
rmodulati

p) repeat ste is”procedure, each time selecting a different wanted signal,
gntil all cha is test’have been selected;

q) the worst put level giving the required signal to composijte total
d all be noted for publication.

4.2.5

The inte ratio\for hum modulation is given by the ratio, expressed in dB, between the
peak-toipeak value~(A) of the unmodulated carrier and the peak-to-peak value, a, of one of
the two [envélopes caused by the hum modulated to this carrier (see Figure 6).
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<« =~ >

IEC 877/05

Carrier/hum ratio = 20ﬂ2bg£[dB]
a

Figure 6 — Carrier/hum ratio

4.2.5.1 Description of the method of measurement

This method of measurement is valid for radio and
network|that are supplied with alternating current, 50/Hz.

For me

admissi

NOTE F
value res

To measgure the test obje

4.2.51.{1 Test eq

The follpwing tes@ i

e voltn

a cable

output
aximum
d.

than the

e ammeter:

+ tunable RF signal generator with sufficient phase noise and hum modulation ratio,

including AM capability (400 Hz);

e 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).

4.2.51.2 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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| )
{ \_/ \
A B
@) DUT e —
J_ Power
x inserter
A 3
Voltage
adjustment ~

R Current
adjustment

!_)m\‘

78/05

Power
inserter

IIE

Current
adjustment

* Necessary if the local powered
objects powered other equipment

IEC 879/45

igure 8 — Test set-up for remote-powered objects

4.2.5.2 Measuring procedure
4.2.5.21 Set-up of calibration

The reference signal is generated by means of the RF signal generator shown in Figure 7 and
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

—201g (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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f K
| AR

Calibration signal Measured signal
IEC 880/05

Figure 9 — Oscilloscope display

hier and

measuring the set-ups inherent hum. The calculation of the hu given in
4.2.5.3.| This value should be at least 10 dB better than the for the
equipment under test. For measurements with set-ups fordoca jects, use|the set-
up shown in Figure 7 to check. The subsequent measute -- e jed out in[suitable
increments through the entire operating frequency ra . The value is independent
of the RF level, however, the RF level should be itude of the test|object's
operating level.

4.2.5.2.p Local-powered test obje

Adjust the test object to maximum or g voltage using the transfornper. The
supply furrent depends on the powe b signal
generatpr W|th the referepdensi enuator
so that missible
operating range. Note/¢ ference
signal Which is displg ighal and
measur¢ the pe

In addifion, for te Mmissible
current

4.2.5.2.

For rem 5 above
on “Loc € d to the
equipm RF Merminal. In case there are several RF interfaces available for power
insertio$, each of tHese interfaces shall be included in the measurement proceddure in a
suitablelmanner

4.2.5.3

Calculating the hum modulation ratio

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

4.2.5.3.1

Hum modulation ratio [ouT] =

Individual object

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).
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4.2.5.3.2 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
following formula:

Hum modulation ratio ;py7; = Hum modulation ratio [c4scadeq) + 20 19
where: n = number of cascaded test objects

4.2.5.3.3 Loop value correction

object, use the

n [dB]

In case a-set-up-—calibration-correctionisrecuired-usethefollowingformula—
SetHp-earbrattehr-eorrectHonrisregureausethetonowhgtormthas
tion correct

_ measured value _ calib

Hum modulation ratio jpyr; = -20Ig| 10 20

4.3 Automatic gain and slope control step response

In cablgd networks using broadband amplifiers having
important to have carefully chosen control time
amplifiers are cascaded. Moreover, correctly chgsen tix c6st ts afe an a

measur

lope contrpls, it is

instability when
dvantage during

The con he output of an instantaneous
change &0 % of the instantaneous chgnge.

NOTE It S ) tial™Munction. Contrary to the normal defipition of a
time cons| a asN\{ i are easily’read on the display of a spectrum anallyzer, (see

Figure 10).

50 %

100 % IEC 881/05

Figure 10 — Time constant T,
The following procedure is used on equipment using pilots.

4.3.1 Equipment required
The following equipment is required:
a) two pilot frequency generators (or one if only one pilot frequency is used);

b) a combiner for the two pilot frequency generators;
c) one switched attenuator;
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d) two rotary switches (make-before-break);

e) two cables with attenuation of 2 dB at the highest frequency of the amplifier range;

f) a spectrum analyzer with storage display.

4.3.2 Connection of equipment

The equipment is connected as shown in Figure 11.

G Cable 1 Cable 2
A g B (\(
Pjlot generators s A -—ﬁu\
A A Spectru
ana r
G (Wjth storage
CRT
N RS RS )
Rotary switches IEC 882/05
gsponse
4.3.3
The measurement proced
a) with G i o ition B, (no cables), ensure that {he pilot
signpls at the point P \Jaye lue and that the input levels are in thg normal
opetating rang 9
b) turn|the rotary~gwi itionMA (cable 1) and connect the device under tgst; With
az2 iional 2 dB cable equaliser in front of the devide under
test same level at the first stage of the amplifier;
Cc) swit¢ to automatic gain control. The two pilot frequencieg on the
speq ave the normal level;
d) tune equency using the spectrum analyzer on the following settings:
freq 0 MHz
IF bandwidth 3 MHz
scar| time 0,5 s/div.
vertical scale 1 dB/div.

e) turn the rotary switch RS, to position A (negative step) shortly after the start of the
spectrum analyzer scan. See Figure 11. Measure the control time constant T..

f) repeat the procedure with the rotary switches in the same start positions (RS, at A, RS, at

B) and turn RS, to position B (no cable), (positive step);
g) repeat the procedure for the lower pilot frequency.
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4.4 Noise figure

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.

4.41 Equipment required

a) A noise generator (excess noise source) suitable for the frequency range in use with dB,
or kT, calibration.

b) A 3 {B attenuator.

c) A frgquency selective power meter (voltmeter).

4.4.2 Connection of equipment

The eqdipment is connected as in Figure 12. The connecti htor and

the device under test should be short. The impedanceg

ki —(Ce— | DUT

Selective
power meter

Noise
generator

IEC 883/05

4.4.3

The me

a) set @ g he 3 dB
attepuatar” an i i t (noise
gengrgtor\turnethffl, Thie v han the

indigation.of th . e power

b) inserlt the B i i i B power

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

4.5 Crosstalk attenuation
4.5.1 Crosstalk attenuation for loop through ports

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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4.51.1 Equipment required

Network analyzer.

4.5.1.2 Measurement procedure over the operating satellite IF frequency range

The measurement procedure comprises the following steps:

a) connect the network analyzer reflection port to multi-switch input port 1 (see Figure 13);

b) connect the multi-switch loop through port 1 to the network analyzer transmission port.

Loop through port 1 corresponds to input port 1;

c) terminate all unused ports;

d) meapgure the attenuation between the input port 1 and the loop thr
the attenuation in decibels over the operating frequency range;

e) connect the network analyzer reflection port to another multi-sw
port|2;

f) termlinate all unused ports;

g) meapgure the attenuation between the input port 2 and
attenuation in decibel over the operating frequenc

~ - i %
Input port{ Loop trough port 2
RNt

N ﬁ /A
Multiswitch
ort Loop trough port 1

Loop trough port 2

1. Let a

The worst-case crosstalk attenuation in decibels i aq over the o
satellite| IF frequency range.
Multisiteh oop trough port 1
Input port 1
G P(f)

et ay be

pxample

b be the

berating

TAPUT port 2

O

~——+

IEC 884/05

(19/'
D ) j A

Figure 13 — Measurement of crosstalk attenuation for loop
trough ports of multi-switches
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4.5.2 Crosstalk attenuation for output ports

Due to crosstalk an output port of a multi-switch carries, besides the selected input signal,
interfering signals from other input ports. Therefore, the crosstalk attenuation between input
ports is an important parameter.

In addition to electromagnetic coupling between leads, unwanted signals at the output port
are due to imperfect isolation performance of the switches. Crosstalk attenuation for output
ports is the combination of both.

4.5.2.1 Equipment required

The follpwing equipment is required:

a) network analyzer;

b) biasttee, see Clause 4;
c) stangdard satellite receiver.

4.5.2.2

The me

a) conr

b) conrn

c) conf

d) set e multi-
swit¢

e) conr

f) ter

et a4 be

example

. Let 02

berating

satellite| IEdrequency range.

4.6 Signal level for digitally modulated signals

The method to measure signal level for digitally modulated signals is described in IEC 60728-1.

4.7 Method of measurement for non-linearity of return path equipment carrying only
digital modulated signals [Measurement of composite intermodulation noise ratio
(CINR)]

Non-linear distortion of equipment carrying digital channels could be measured using different
methods. The most prevalent methods are:

a) Bit Error Rate (BER):

This method involves sending modulated, pseudo-random, bit streams on many channels to
fill the return band. The BER is measured while changing the level of the RF signal.
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b) The noise in gap measurement:

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 device under test. The
equipment is loaded with wideband noise and a small gap of the noise is removed before the
noise enters the device under test. While changing the level of the loading noise, the gap is
more or less filled with distortion noise. The ratio between the original loading signal (noise)
and the distortion noise is measured and plotted.

¢) The multi-tone measurement:

In this method two groups of more than ten CW tones are presented at the input of the
equipment under test. The tones in each group are phase-locked to simulate the peak-to-
averagd rafio of the digital channel. The signal level is varied, while /measuring the ratio
between the total power of the two groups of CW tones and the noise distortion ;[Wower in
the upper and lower third order products.

The resplt of plotting the BER or the power ratios versus the gi e D curve.
When the signal level is low thermal noise (or other constant naj R ers) will
dominate. When the signal is high enough, intermodulatio ) i i . All these
methods can not differentiate between the two, since bo 23S ROI

4.71 Equipment required

The follpwing equipment is required:

a) a sdurce of white Gaussian noise coverihg nt to be

testld'
b) afil

T

Frequency ran \> Notch filter frequency
j ow to fhig(% f

5 Mz to 30 MHZ gz ) 17,5 MHz 22 MH3

5 MHz to 50 Mz \ 22 Mjiz 27,5 MHz 35 MH2

5 M|Hz to W"}\ \ 2775 MHz 35 MHz 48 MHZ
N\

a notch

e X P

- ol N 5 (- N Jol - 4 LD 5
d) a varrapre 7o {Zattenuator, aUjustdauic 1T 1T Ub Steps.


https://iecnorm.com/api/?name=9f59217dd67687f28c272820161d7fca

- 38— 60728-3 © IEC:2005(E)

dB A
+1
0
1 Al N %
2 \ / \
3 | \ |/ \
|
4
08f 121
0,9 fhigh
0,9 1.1 9
1.1 fiow / / »
—50 /\é 2
077 Jiow 100 kHz & N{fﬁ“

Jiow ’ oy
IEC\, 885/0

er
4.7.2
The eq er can alternatively cdnsist of
several \pedance matching.
B
P(f)
Spectrum
analyser
IEC 886/05
st setup for the non-linearity measurement
4.7.3 ent procedure

Becaus¢ the.digita odulated signal is similar in characteristics to white noise, an accurate
power density measurement can be performed using the marker noise function of a szt)ectrum
analyzer:

a) connect point A directly to point B;
b) adjust the spectrum analyzer as follows:
— resolution bandwidth: 30 kHz,
— video bandwidth: 1 kHz (or lower to obtain a smooth display),
— start and stop frequency: as required,
— detector type: r.m.s. vertical scale 5 dB/div;

c) adjust the sensitivity of the spectrum analyzer to maximise the dynamic range. If the
spectrum analyzer does not provide enough dynamic range to measure a high notch
depth, a bandpass filter may be added in front of the spectrum analyzer which should pass
enough of the signal and the notch so that both signal and notch level could be measured.
The signal level for maximum dynamic range should be fixed as reference level;.
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d) connect the device under test between points A and B, adjust the gain of the device for
maximum gain and readjust the input attenuator of the spectrum analyzer to the reference
level;

e) while adjusting the variable attenuator always make sure to readjust the input attenuator
of the spectrum analyzer to the reference level for maximum dynamic range. Verify that
the analyzer noise floor is sufficiently (>10 dB) below notch level, otherwise use a noise-
near-correction table. Verify that the analyzer’s contribution to the intermodulation is
negligible;

f) measure the level of the wideband noise density in dB(mW/Hz) at point B. Measure CINR
as the difference of the values of the noise inside and outside of the gap of the notch filter;

g) the measurement has to be done at the three given frequencies.

4.7.4 Presentation of the results

The wofst case of the results shall be plotted in dB of the compdgasite, inter atign noise
ratio (J/NR) at the considered notch frequency versus t ow sity Py
in dB(p\V/Hz) (Figure 16).

o AN
RN
N

</

N \

Q Py out
- -
dB(pW/Hz)
IEC 887/05
Py,=P—-101g (By,)

Figure 16 — Presentation of the result of CINR

where
Pis thep

B, is the bandwid

The indication of the best possible notch depth leads to incorrect data about intermodulation
performance of the equipment, because at this signal level distortion noise 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 reaching the signal levels were distortion noise
dominates.

NOTE 1 If it is not possible to measure the full curve due to the dynamic range of the equipment, parts of the
curve can be presented. See also Clause E.5

NOTE 2 For a given bandwidth, there is a precise relationship between power and level. For impedance of 75 Q,
the relationship is:

P [dB(pW)] = L [dB(uV)] — 18,75 dB
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where
L is the level in dB(uV);
P is the power in dB(pW).
18,75 dB(pV) = 0 dB(pW)

5 Equipment requirements

5.1 General requirements

Where the standard calls for performance figures to be published, these shall be stated,
if appropriate, for each input and output port.

Publishjed performance figures shall apply when the methods of surement J;iven in
Clause #, or equivalent methods are used.

Serviceland installation instructions should be available.

5.1.1 Connectors

The follpwing types of connectors are required:

d) for
amendment 1:1982 or IEC 60169-24

e) for gquipment used above 950 M

65 and

NOTE I

5.2 Sjafety

The relg

5.3 E

The relg

54 F

The freq

5.5 Impeds

The nominal;impedance shall be 75 Q.

Amplifier return loss requirements are dependent on its position and purpose in the system.
All input and output ports of the unit shall meet the specification under all specified conditions
of automatic and manual gain and slope controls and with any combination of plug-in
equalisers and attenuators fitted.

For amplifier quality grade 1, the return loss shall be category B and for amplifier quality
grade 2, the return loss shall be category C.

The performance requirement for each return loss category is given in Table 3.
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Table 3 — Return loss requirements for all equipment

Category Frequency range Requirement
MHz
5to 40 > 22 dB
> 22 dB - 1,5 dB/octave
A 40 to 1750
but > 14 dB
1750 to 3000 14 dB decreasing linear to 10 dB
5to 40 > 18 dB
> 18 dB — 1,5 dB/octave
40 to 1750
but >10dB
1750 to 3000 10 dB decrea;h\wnea to BydB
5to 40

dBYocta
C 40 to 1750
2 10‘%&

1750 to 3000 —‘1~Q§B\d\ec &&Wo 6 dB

5to 1750 / z\r@\dB
D ™

Manufa¢

NOTE F
using the

different feturn loss ratio categoy

56 G

The min
frequen

5.6.1

The ran

5.6.2

The chsg
publishd

1750 to 3000 (\\_ /0 g8 decreasing linear to 6 dB
U

ain

imum @ ;
Cy shall be.gubli

racteristic_of gny fixed slope, if fitted, and cable characteristic for that slope,
d¢ This sh&ll be in the form of a formula showing the relationship

attenuati

be stated.

loss ratio
may have

shall be
petween

st shall

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

57 F

latness

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.

Narrowband flatness to the output ports shall be within 0,2 dB peak-to-peak/0,5 MHz and
0,5 dB peak-to-peak/7 MHz.
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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
correspond to that of the quality grade of the amplifier according to Table 3. The attenuation
and flatness shall be published.

5.9 Group delay
5.9.1 Chromimanceffumimance detay imequatity

The waqrst-case delay inequality, in nanoseconds, between the
chrominance sub-carrier (4,43 MHz) within a single PAL/SECAM tg
publishgd. The worst-case channel shall be identified by frequen

hal and
ghall be

5.9.2 Chrominance/luminance delay inequality for othe nd

modulation systems

These ghall be measured over the relevant channel p i orst case figyre shall
be published, if relevant.

5.10 Noise figure

If the dmplifier is desi
sloped ¢utput.

S outline@

but with

mposite

range
nd third

c) for amy 5
d order distortion;

order and thir

NOTE Composite distortion measurements for these amplifiers remain under consideration.

5.11.1 Second order distortion

The worst case value shall be published as the output level in dB(pV), 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. feedforward), it may 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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5.11.2 Third order distortion

The worst-case value shall be published as the output level in dB(uV), 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. feedforward), it may 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.

5.11.3 Composite triple beat

The worst case value over all channels shall be published as the output level in dB(pV), that
gives 60 dB signal to distortion ratio.

NOTE Fpr some amplifiers (e.g. feedforward), it may not be possible to measure 60 dB(signal distorltion ratio.

In these dases, the output level for a greater signal to distortion ratio may be stated.

5.11.4 | Composite second order

The woirst case value over all channels shall be published
gives 60 dB signal to distortion ratio.

V), that

NOTE F ifi g. L 56i 3 gnal to distortion ratio.
In these g 23

5.11.5

The wo V), that
gives 6(

Two oufput level values , ese~gorrespond to the transfer of amplitude
modulafion only, as measived g hsfer as
measur¢d on a spectr

NOTE Fpr some amplifj .g. 5 it pay pot be possible to measure 60 dB signal to distontion ratio.
In these dases, the © b lev y ar.Si i i i .

The pilg in this
case, d can be
compeng jiation in
the out ut level
variatiofs for_the-spekified dynamic range and over the specified temperature range, shall be

publishgd.

NOTE Thissmavy not rner'nnnd to the variation at the pilnf frpqunnr-ipc if the pilmq are not close to the highest
and lowest frequencies.

The control time constant of the step response shall be published.

5.13 Hum modulation

The value of the hum modulation shall be published in dB at the worst case of voltage and
specified peak-current of the equipment.
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5.14 Power supply

The following shall be published:

input ACg\s Voltage and frequency range;
power consumption to complete amplifier assembly or to each active module;

for modular amplifiers, the DC current and voltage required for, or given by, each active
module;

the worst-case peak-to-peak ripple voltage, if the supply voltage is available for external
use.

5.15 nvironmental
Manufag¢turers shall publish relevant environmental information.<on teNucts in

accordance with the requirements of the following publications:

5.15.1 | Storage (simulated effects of)

5.15.3 | Installation or m

5.15.4

5.15.2 | Transportation
Air freight (combined cold andAqQw pre IEC 60068-2140
Road transport (bump test) IEC 60068-2129

60068-2148

Road transport (shock test) IEC 60068-2127

IEC 60068-2131
IEC 60068-2132

Topple or drop\Mest

Free fall;tjst

—_—

by enclosures IEC 60529+A

pnponent or equipment for storage and IEC 60068-1
Appendix A of

IEC 60068-211

IEC 60068-2{2+A1
Damp heat IEC 60068-2130
Change of temperature (test Nb) IEC 60068-2-14
Vibration (sinusoidal) Appendix B of IEC 60068-2-6

This will enable users to judge their suitability with regards to four main requirements:
storage, transportation, installation and operation.

5.16 Marking

5.16.1 Marking of equipment

All equipment shall be legibly and durably marked with the manufacturers name and type
number.
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5.16.2 Marking of ports

It is recommended that symbols in accordance with the series IEC 60417 and IEC 80416
should be used when marking ports.

5.17 Mean operating time between failure (MTBF)

Under consideration.

5.18 Requirements for multi-switches

5.18.1 Control signals for multi-switches

Control |signals shall be compliant with the control signals for low-noisg(block™conyverters as
specified in IEC 61319-1 and IEC 61319-2.

5.18.2 | Amplitude frequency response flatness
The flafness of the amplitude frequency response from ing | input to

loop thfough ports and from terrestrial input to outpu ports\ sha to the
requirements for splitters in IEC 60728-4

5.18.3 | Return loss

The retdyrn loss on all input, output, lo6p y i cording
to the requirements for splitters in IEC

5.18.4 | Through loss

The thrpugh loss from i hd from

terrestripl input to output pocts
5.18.5 Isolatig}
The isolation betw&er

The isol

s_that are switched to the same input port shall be a¢cording
in IEC 60728-4.

to the re
The isdlati en owtput ports that are switched to different input ports ghall be
publishg

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

5.18.6 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
positions shall be published. The method of measurement is given in 4.5.

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

5.18.7 Satellite IF to terrestrial signal isolation

If the multi-switch includes a coupling function for terrestrial signals, then the minimum value
of the attenuation from satellite IF input ports to output ports in the frequency range of the
terrestrial signals shall be published.

NOTE Performance requirements can be derived from system parameters given in IEC 60728-1.
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Annex A
(normative)

Test carriers, levels and intermodulation products

A.1  Two signal tests for second and third order products
A.1.1 Intermodulation products with test signals at frequencies f, and f,
Second order (see note): P2, =f.—fg .
P2y=fo * fo A
Third order: P3,=2f,—f, |where2f, >k \/
P3, = fp,—2f,4 wheremb\
P3, = 2f, — . N
P3c=2fa+fb \\\
P3g=2fp + f \>
NOTE Npt applicable to narrow-band equip peque, cyge covered by the equipment is such
that 2f o < frax-
A.1.2 Signal levels

The two

Fun

test carriers shall

Reference level

Hamental

Sec

bnd‘order P2,

fa fb

P2y,

Third order

P35

P3p P3¢ P34

IEC 888/05

Figure A.1 — An example showing products formed when 2f, > f,

NOTE The sequence of the intermodulation products will depend on the fundamental frequencies chosen.
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Fun
Sed|
Thin

NOTE T

Reference level

A A

Hamental fa Jo
pbnd order P2, P2y,
i order
Figure A.2 — An example showing prod
he sequence of the intermodulation products will de

EC  889/05

fall within

A.2 Three signal tests for third oxde
A.21 Intermodulation
Third order: =
IEAEN N —
SR ERBANN
NN
NOTE Sgcond and ucts.due/to any two of the test carriers will also be present if they
the frequgncy rapQe e r system to be tested.
L Y Reference level
Fundamental fa Jo Je
Third order P3¢ P3q P3p P3;

IEC

Figure A.3 — Products of the form f, + f, + f.

890/05


https://iecnorm.com/api/?name=9f59217dd67687f28c272820161d7fca



