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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

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for s
aII national eIectrotechnicaI committees (IEC National Committees) The object of,

nical Reports, Publicly Available Spe(:lflcatlons (PAS) and Guides (hereafte “IEC Publlca-
tion(s)”). Their preparation is entrusted to technical committees; any IEC Mational Commj \

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

tween any IEC Publication g

the latter.
5) IEC itself does not proyi ity/ Independent certification bodies provide conformity
assessment services and, S marks of conformity. IEC is not responsible for any

7) No liability shall atta€ employees, servants or agents including individual experts and
members of its teg C National Committees for any personal injury, property damage or
other damage of any hattwe w hether direct or indirect, or for costs (including legal fees) and ex-
penses arisipg~qut of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publica-
tions

8) Attentio ormative references cited in this publication. Use of the referenced publications is
indispensabl

9) Attention is drawn' to
tent rights. IEC

the poSsibility that some of the elements of this IEC Publication may be the subject of pa-
shall not be held responsible for identifying any or all such patent rights.

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 fourth edition cancels and replaces the third edition published in 2005 of which it consti-
tutes a technical revision.

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

edition:

e extension of upper frequency range limit for cable network equipment from 862 MHz to
1 000 MHz;
e method of measurement and requirements for immunity to surge voltages;

e extension of scope to equipment using symmetrical ports;

e additional normative references:; Documents
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e additional terms and definitions and abbreviations.

This bilingual version, published in 2011-07, corresponds to the English version.

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

FDIS Report on voting

100/1746/FDIS 100/1766/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

The French version of this standard has not been voted upon.

the stability date indicated on the |IEC web site
lated to the specific publication. At this date, the

* reconfirmed,
* withdrawn,

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

IMPORTANT - c our igsi
that it contains ¢a i
ing of its conten}s\ sers shou

exefore print this document using a colour printer.
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INTRODUCTION

Standards of the IEC 60728 series deal with cable networks including equipment and associ-
ated methods of measurement for headend reception, processing and distribution of television
signals, sound signals and their associated data signals and for processing, interfacing and
transmitting all kinds of signals for interactive services using all applicable transmission me-
dia.

This includes

e CATV1-networks;
¢ MATV-networks and SMATV-networks;

e individual receiving networks;

The extent of this standardization work is from the
puts to the headend or other interface points to the

decoders, multimedia termi-
s and accessories thereof is

The standardization of any user termf
nals, etc.) as well as of any coaxial, ba
excluded.

1 This word encompasses the HFC (Hybrid Fibre Cable) networks used nowadays to provide teleco, icati
services, voice, data, audio and video both broadcast and narrowcast. %Eﬂ?ﬁents
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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 down the measuring methods, performance requirements and da-
ta publication requirements for active wideband equipment of cable ne Ks,_for television
signals, sound signals and interactive services.

This standard
e applies to all broadband amplifiers used in cable networks;
e covers the frequency range 5 MHz to 3 000 MHz;

NOTE The upper limit of 3 000 MHz is an example, but not a gfrict value,
which the equipment is specified, should be published.

eQcy range, or ranges, over

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

Grade 1:  amplifiers
Grade 2: amp
ed a

to fe

er’'s outlet, and_to optimise cost/performance, taking into account the size of the network and
local circumstan

S

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

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 60065, Audio, video and similar electronic apparatus — Safety requirements
IEC 60068-1:1998, Environmental testing — Part 1: General and guidance

IEC 60068-2-1, Environmental testing — Part 2-1: Tests — Tests A: Cold
Documents
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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)
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 60068-2-29, Basic environmental testing procedures — Part 2-29: Tests — Test Eb and
guidance: Bump

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 % gh handling
shocks, primarily for equipment-type specimens

IEC 60068-2-32, Basic environmental testing procedures — Pay
fall

IEC 60068-2-40, Basic environmental testing procedure
Combined cold/low air pressure tests

IEC 60728-1, Cable networks for telefision_sigha wad signals and interactive services —
Part 1: System performanc Q

IEC 60728-2, Cable netwarksYor television signal
Part 2: Electromagneti¢c sompatibilit Yuip

IEC 60728-4, @
Part 4: Passive widéb

IEC 60950-1, formation technology equipment — Safety — Part 1: General requirements

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

ITU-T Recommendation G.117, Transmission systems and media — Digital systems and net-
works — International telephone connections and circuits — General recommendations on the
transmission quality for an entire international telephone connection — Transmission aspects

of unbalance about earth

ITU-T Recommendation 0.9, Specifications of measuring equipment — General — Measuring
arrangements to assess the degree of unbalance about earth

Documents
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3 Terms, definitions, symbols and abbreviations

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

3.1 Terms and definitions

3.1.1
amplitude frequency response
gain or 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 systep
decibels

expressed in

3.1.3
balun
device to match symmetrical impedance 100 Q (balanced
(unbalanced) and vice-versa

3.1.4
carrier-to-noise ratio

the television or radio system in use)

3.1.5
chrominance-luminanc
difference in transmissi
spilling of colour to lef

[IEC 60050—723,

3.1.6
composite inter
CIN

ratio of the signal level and the CIN level

3.1.8

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

3.1.9

crosstalk attenuation

unwanted signals beside the wanted signal on a lead caused by electromagnetic coupling be-
tween leads; ratio of the wanted signal power to the unwanted signal power, while equal sig-
nal powers are applied to the leads

NOTE Crosstalk attenuation is usually expressed in decibels.
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3.1.10
decibel ratio
ten times the logarithm of the ratio of two quantities of power P, and P,, i.e.

10lg-21 in dB
Py

3.1.11

equaliser

device designed to compensate over a certain frequency range for the amplitude/frequency
distortion or phase/frequency distortion introduced by feeders or equipment

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

3.1.12
feeder
transmission path forming part of a cable network

NOTE Such a path may consist of a metallic cable, optical fibre, waveguide ation of them. By ex-

3.1.13

gain

ratio of the output power to the input pOwe ¢ décibels

3.1.14

ideal thermal noise

noise generated in a resistixe compone e t al agitation of electrons

where

It follows that

2
U
— _=4.B-k-T
R
and
U=+4-R-B-k-T
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.

3.1.15
level
decibel ratio of any power P, to the standard reference power P, i.e. Documents
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101g -1
R

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

201g Y1
Uo

NOTE The power level may be expressed in decibels relative to Py = (U02/R) = (1/75) pW, i.e. in dB(Py), taking
into account that the level of P corresponds to 0 dB(P,) or, as more usually, in dB(pW), taking into account that
the level of Py corresponds to —18,75 dB(pW). The voltage level is expressed in decibels relative to 1 pV (across
75 Q), i.e. in dB(unV).

3.1.16

modulation error ratio
MER

sum of the squares of the magnitudes of the ideal symbol vectorsN e s¥m of the
squares of the magnitudes of the symbol error vectors of a se , the result
being expressed as a power ratio in dB

3.1.17

multi-switch
equipment used in dis
verted to a suitable IF

NOTE The IF signa
put signals to the multi-
is switched to one of

NOTE This enables larger networks with multiple multi-switches, each one installed close to a group of subscrib-
ers. 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. Ca-
bles connect the loop through ports of this multi-switch to the input ports of a second multi-switch and so on.

3.1.19

multi-switch port for terrestrial signals

port in a multi-switch used to distribute terrestrial signals in addition to the signals received
from satellites

3.1.20
noise factor/noise figure
used as figures of merit describing the internally generated noise of an active device

NOTE 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.
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_CIN,
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.

NZactuaI
F=—-

Noideal

The noise factor is dimensionless and is often expressed as noise figure, NF, j

NF=10IgF  indB

3.1.21
slope

equipment or system

NOTE The slope sign is considered

a) negative when the attenuation increases
quency,

b) positive when the gain (ampljfi

3.1.22

NOTE 1 This is the po
NOTE 2 The standa

3.1.24
well-matched
matching condition when the return loss of the equipment complies with the requirements of
Table 3

NOTE Through mismatching of measurement instruments and the measurement object, measurement errors are
possible. Comments to the estimation of such errors are given in Annex E.
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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

®

ad
=0
[ N

EUT

ok [R][2] [=

Terms

Amperemeter
based on

[IEC 60617-S00910
(2001-07)]

Selective voltmeter

Equipment Under Test
based on

[IEC 60617-S00059
(2001-07)]

Noise generator
[IEC 60617-S01230
(2001-07)]

IEC$0617-S00922
1-07)]

Attenuator

based on

[IEC 60617-S01244
(2001-07)]

Combiner

based on

[IEC 60617-S00059
(2001-07)]

Double tap-off-box

Full document details: IEC 60728-3 2010

Symbols

0
)

Terms

Voltmeter

based on

[IEC 60617-S00910
(2001-07)]

Power meter

[IEC 60617-S00081,
IEC 60617-S00899,
IEC 60617-S01403

(2001-09)]

VSWR-bridge

Low-pass filter
[IEC 60617-S01248
(2001-07)]

Band-pass filter
[IEC 60617-S01249
(2001-07)]

Spectrum analyzer
(electrical)

based on

[IEC 60617-S00910
(2001-07)]

Variable attenuator
[IEC 60617-S01245
(2001-07)]

Tap-off-box

Optical receiver
[IEC 60617-S00213
(2001-07)]
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Symbols Terms Symbols Terms

Amplifier with return path
amplifier

[IEC 60617-S00433
(2001-07)]

Detector with LF-
amplifier

v

Functional equipotential Adjustable AC voltage

bonding
J_ [IEC 60617-S01410 v source

(2001-11)]

Variable resistor Capacitor
[IEC 60617-S00557 — [IEC 60617-S00567
(2001-07)] (200

RF choke
—Y [IEC 60617-S00583
(2001-07)]

3.3 Abbreviations

AC alternating current

AF audio frequency

AGC automatic gain control

AM amplitude modulation
BER bit error ratio

CATV

CIN

CINR

CsO

CTB

CW

CXM

DC

EMC

EUT

HP

IF intermediate frequency

IP international protection
LF low frequency

LP low pass

MATV master antenna television (system)
MER modulation error ratio
MTBF meantime between failure
OoMmI optimum modulation index
PAL phase alternating line

PID packet identifier

PRBS pseudo-random bit sequence Documents
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QAM quadrature amplitude modulation

QPSK quadrature phase shift keying

RF radio frequency

RMS root mean square

RS rotary switch

SECAM sequential colour with memory (séquentiel couleur a mémoire)
SG signal generator

SMATV satellite master antenna television (system)
TV television

UHF ultra-high frequency

VHF very-high frequency

VSWR voltage standing wave ratio

XM crossmodulation

4 Methods of measurement

4.1 General

This clause defines basic methods of
same accuracy may be used for assessit

estrial signals in addition to the signals received from
g connected to an optional terrestrial input port of a mul-

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

e 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
selected satellite IF signal;

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 may contain unwanted signal-components
with frequencies below the foreseen satellite IF frequency range. These signal-components overlap with the fre-
quency 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 may 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 filtered out sufficiently 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 be-

tween the multi-switch output port and the measurement set. The DC port of the bias-tee is

connected to a standard receiver that generates the required control signals. Carqbttﬂ@alents
e

taken that the influence of the bias-tee on the measurement result is insigriiiicant. This can
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achieved by including it into the calibration or using a network analyzer with a built in bias-
tee.

Measurements on active equipment with symmetrical ports shall be performed using a meas-
urement balun. The symmetry (common mode suppression) of the output signal of such a
measurement balun shall be >30 dB for 100 MHz to 1 000 MHz and >50 dB for 30 MHz to
100 MHz. The common mode suppression shall be measured according to ITU-T Rec. G.117
and ITU-T Rec. O.9. The return loss of the measurement balun shall be 10 dB higher than the
return loss of the EUT to which the coaxial measurement equipment is connected via the
measurement balun.

4.2 Linear distortion

4.21 Return loss

4211 General

The method described is applicable to the measurement of th oss ofequipment oper-
ating in the frequency range 5 MHz to 3 000 MHz.

All input and output ports of the unit shall meet the spécifisali ~ gonditions of auto-
matic and manual gain controls and with any combj f\plug<in equalisers and attenua-
tors fitted.

4.2.1.2 Equipment required

The following equipment is required.

a) A signal generator or
ment to be tested.

Care shall be take

not have a high ha
b) A voltage sta
The accuracy S s.dependent on the quality of the bridge. In particular on
the directivity¢an f

shows the mpaxim
loss.

generator or sweep generator output does
san cause serious inaccuracy.

/

/

D=46dB

InT
. 1dB
5
o
E o
£
X
©
=

-1dB

e
-~
\

\ D=46dB

—2dB \

-3dB \

0dB 10dB 20dB 30 dB 40 dB

Measured return loss

IEC 2501/10

Figure 1 — Maximum error a for measurement of return loss using VSWR-bridge
with directivity D = 46 dB and 26 dB test port return loss ocuments
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c) An oscilloscope.
d) Calibrated mismatches.

NOTE The signal generator and the oscilloscope can be replaced by a spectrum analyzer and a tracking genera-
tor or by a network analyzer connected directly to the EUT.

4.2.1.3 Connection of equipment

The equipment shall be connected as in Figure 2.

A VSWR-bridge
G (= EUT
~ </
Variable signal Equipme
generator under tes

Oscilloscope

4.21.4 Measurement procedure

(10 dB above require

Only good quality

connect the equipment under test as shown in Figure 2 and check the return loss over the
specified frequency range.

4.2.2 Flatness

Methods of measurement are well-known and a full description of the procedure is not neces-
sary.

Measurement is commonly made with a 75 Q scalar or vector network analyzer. Care shall be
taken that all equipment used (connectors, adaptors, cable, etc.) are well-matched.

4.2.3 Chrominance/luminance delay inequality for PAL/SECAM only

The well-known 20T pulse method of measurement is used as described in IEC 60728-5.
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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. A detailed derivation is described in the
Annex A.

A method of measurement of non-linearity for pure digital channel load is under consideration.

4.3.2 Types of measurements

Measurements related to the following phenomena are described:

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

e composite crossmodulation between a number of single freqt
A proper specification shall include at least the following dets

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

The result of the measurement shall be gi maximum signal level at the
equipment output that allows the required sigha storti io to be met. If the output lev-

4.3.3 Intermodulat

4.3.3.1 Gen

ogual carrier methods described are applicable to the
to a single intermodulation product at a specified point

In these cases, the resultant interference is of an extremely complex nature and an alternative
measurement procedure will be needed. This is covered in 4.3.4 and 4.3.5.

Examples of second-order and third-order intermodulation products are given in Annex B.

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

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

NOTE 2 If the unequal carrier method of measurement, as described in IEC 60728-5, is used, the output level giv-
ing the appropriate signal to distortion ratio must be decreased by 6 dB to obtain the correct result for the equal
carrier method described here.
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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 test-
ed. 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 ex-
pected, 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 3).

NOTE Additional items may be necessary, for example to ensure that the measuren
rious signals generated in the test equipment itself (Annex C).

acted by spu-

4.3.3.3 Connection of equipment

The equipment shall be connected as shown in Figure 3.

Signal i
generators  LPfilters
G X ~_ .
~ y N T Selective
[P ' c ] voltmeter
er
- // //v
G (N ,5\ A a AR @
N : ™ ‘ T
G : Q\
. Qaeo- ' \3\ ji6t generator if
~_ \ required for AGC [EC 250310

iems est equipment indicated by dotted lines depends on the results of
the signal generator outputs may be needed to suppress spurious signals.
be required to prevent intermodulation in the meter. If a filter is used, then

Figure 3 — Basic arrangement of test equipment for evaluation
of the ratio of signal to intermodulation product

4.3.3.4 Measurement procedure
The measurement procedure comprises the following steps.
a) General

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 re-
sults.
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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 pro-
ducing 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.

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 C).

The selective voltmeter shall be calibrated and checked for satisfactg
nex C).

{ operation (see An-

A check shall be made for possible intermodulation between the~si
put levels to be used for the tests (see Annex C).

c) Measurement

Connect the variable attenuator and s
nex C) to the output of the equipment

0 be measured and reduce the setting of the
obtain the same meter reading R.

S/l = Cl—] - 612
where

a4 is the attenuator value for the test signal used as a reference in dB;

a, is the attenuator value for the intermodulation product in dB.

4.3.4 Composite triple beat
4.3.4.1 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 chan-
nels. The number of different products in each cluster increases rapidly with the number of
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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 sys-
tem 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) ) is (C) dB."

where
(A) designates the channel in which the test is made. If omitted, under-
stood to be a minimum specification for measurements at all the\chaane ed by the

list of carriers;

easurement, un-
he specification

(B) is the reference level at which all the carriers should he&s

specified up to 450 MHz, group A shall be
shall be used. If specified up to 862 MHz,

group A this
used.

esult skall“be quoted together with the result where only a part of group A is

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

4.3.4.2 Equipment required

The following equipment is required:
a) a spectrum analyzer with 30 kHz intermediate frequency (IF) bandwidth and 10 Hz video
bandwidth capability;

NOTE When using a spectrum analyzer 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.

b) a variable 75 Q attenuator, adjustable in 1 dB steps;
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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 4.3.4.1);

e) a combiner for the signals from the generators;

f) matching devices, attenuators and filters, etc. to obtain the correct
conditions and reduction of spurious signals at the input of the s

, matching

4.3.4.3 Connection of equipment

The equipment shall be connected as shown in Figure 4.

Signal '
generators  LP filters P4 BP filter
1= =7 j—— =
G | x|
I I
I KWV | ~ I'— A | % |

Spectrum
analyzer

LR

SGN | ~U

IEC 2504/10

ction of test equipment for the measurement
non-linear distortion by composite beat

4.3.4.4 Measu ent procedure
The measurement procedure comprises the following steps:

a) connect point A directly to point B and disconnect the bandpass filter (see Figure 4). Ad-
just 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;

b) adjust the spectrum analyzer as follows:

IF bandwidth 30 kHz
video bandwidth 10 Hz
scan width 50 kHz/div.
vertical scale 10 dB/div.
scan time 0,5 s/div

c) tune the spectrum analyzer so that the vision carrier of the channel in which the meas-
urement is to be made is centred on the display screen;
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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 distor-
tion level expected,;

e) insert the bandpass filter corresponding to the channel to be measured and adjust the in-
put attenuator to correct for the attenuation of the filter;

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, dis-
connect 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
nels;

j) connect the device to be tested between points A and B an
obtain the required output levels at point B;

k) adjust the centre frequency of the spectrum analyze
ate bandpass filter;

[) adjust the input attenuator (internal or external) € onse of the spectrum
ith the\a i setting of its sensitivity con-

m) disconnect the generator for the channel™o € d terminate the combiner with

ts are clustered wqjthi kHz of the vision carrier, so the sig-
i be.read off the screen of the spectrum analyzer;

p) measure the ¢ S e equipment under test;

q) repeat the step

n) the composite triple be

The test equipmentygquired, connection of equipment and measurement procedure are as for
the composite triple beat measurement but with the following differences.

4.3.5.2 Equipment required

The test 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 are not clus-
tered (+15 kHz) about the exact carrier frequencies but may be clustered (£10 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 frequen-
cy available. Although it is not essential to have the carrier present at this frequembéﬂments
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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 analyz-
er.

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

4.3.6 Composite crossmodulation
4.3.6.1 General

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

of the unmodulated wanted signal.

A correction factor is included to allo
Table 1).

on used is other than 100 %

8

MOdUIawouple )\/ O manaured ratlo.
10} > 0
\/ L 0,4
REBNEIEN
CAN_ NN/ 1.4
N\ \ 60 1,9
N NNV
< \ \ \ 40 3,1

N\ 30 3,7

\)

Composite amplitude crossmodulation is defined as the transfer of amplitude modulation from
a number of modulated signals to the wanted carrier, and can be expressed as follows:

Table 1 — Correction factors

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

20lg

Composite total crossmodulation is defined as the transfer of total modulation, i.e. the vector
sum of amplitude and phase modulation, from a number of modulated signals to the wanted
carrier, and can be expressed as follows:

p - p voltage of wanted sideband

201g :
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). Documents
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The equipment 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).

4.3.6.2 Conditions of measurement

The following measurement conditions apply.

a) The measurements shall be carried out with all the input signals present. These shall be
appropriate to the frequency range of the particular equipment under test and in accord-
ance with the Table D.1.

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 RMS values.

4.3.6.3 Equipment required

The following equipment is required:

The RF selective voltmeter shall indi
the modulation envelope;

b) signal generators covering the app opr ate_visi ber frequencies as listed in Annex D,
all having the requireg/n ' and limear at the depth of modulation to be

used.

NOTE It is recommen 2 i eney approximates the line scan frequency of the TV sig-
nals in order to in Q N be cadsed by the low frequency circuits (e.g. decoupling) in the
equipment to bd. ghould not be a multiple of the power supply frequency

Any symmetricd (excluding pulse modulation) may be used provid-

ed for both calibration and measurement, and the mod-
the same;

ing the same sijg

d) an Akselechi er covering the modulation frequency to be used and having a cali-
S ’ exceeding the expected crossmodulation ratio;

e) a combiner, matching devices, attenuators, filters, etc. to obtain the correct signal levels,
matching and reduction of spurious signals;

f) a spectrum analyzer with 1 kHz IF bandwidth and 10 Hz video bandwidth capability;

g) 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 crossmodulation 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 con-
nected to the input of the filter.

4.3.6.4 Connection of equipment

Connect the equipment as shown in Figure 5.
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Modulating
voltage Signal
generator generators LP filters b RF AF
freseeees ; T BP filter  selective selective
i R ’S/ — % :_ A (if ne-_cisiary) voltmeter voltmeter
___________ L2 | X |
......... SG1 IR
P ~ L_Z.
......... A B Fe
......... A A O
: “o BP filter
roeee A1 A2 1<
H |
[ RS —_——— ) /\./
... G _: % [ A Spectrum
~ | 7! EUT analyzer
SG,

4.3.6.5 Measurement procedure

gignals. Adjust the AF selective voltmeter for a con-
ated signal. Note this reading;

on the selected wanted signal. Adjust its unmodulated output
el L at the output of the equipment to be tested, using the RF

signal on the Af selective voltmeter;

f) the difference in decibel between the levels obtained in steps ¢) 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 at-
tenuator A2 in order to obtain the required composite amplitude crossmodulation ratio;

g) the worst case maximum output level giving the required signal to composite amplitude
crossmodulation ratio shall be noted for publication.

e Composite total crossmodulation
h) connect the output of the system or equipment under test to the spectrum analyzer;

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.; Documents

IEC 2505/10
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scan time 2 s/div.;

i) 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 meas-
ured;

I) insert the bandpass filter corresponding to the channel to be measured and adjust the
input attenuator to correct for the attenuation of the filter;

NOTE When using a spectrum analyzer with minimum video filtering capabilities greater than 10 Hz, the
composite crossmodulation may be noisy and should be read at the middle of the trace.

m) adjust the sensitivity of the spectrum analyzer together with its intermalkand/or external
input attenuator in such a way that the responses to the first sid ands, approximately

15 kHz on either side of the vision carrier, correspond to a full(sc nce; At the
same time, the noise level shall be at least 10 dB lower thdn stordi evel ex-
pected;

n) switch off the modulation of the wanted carrier and s a athep modulated
carriers;

0) measure the amplitude of the sidebands on eithe arrier caused by
the total composite crossmodulation transfer B between the full
scale reference and the largest of the sideband Table 1, is the total

Adjust attenuator A1 of Figure ange in output level by us-
ing the attenuator A2 in order to qbtai omposite crossmodulation;

gq) the worst case m ivingythe required signal to composite total

4.3.7 Method<§n ; q on-lingarity for pure digital channel load

Under considerati

4.3.8
4.3.8.1
The inte erence,ral m modulation is given by the ratio, expressed in dB, between the

f the unmodulated carrier and the peak-to-peak value, a, of one of

the two envelopes_caused by the hum modulated to this carrier (see Figure 6).
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>
~
=

<« =~ >

¢
S

IEC 2506/10

Carrier/hum ratio = 20Igi dB
a

Figure 6 — Carrier/hum ratio

4.3.8.2 Description of the method of measurement

4.3.8.2.1 General

NOTE For cable networks the gegk value f %olta or of the supply current can be higher than the
value resulting from calculationSysing\th¢ corresponding w factor.

e oscilloscope;
e voltmeter (RMS);
e ampere meter;

e tunable RF signal generator with sufficient phase noise and hum modulation ratio, includ-
ing AM capability (400 Hz);

e detector including (battery powered) LF-amplifier and 1 kHz LP-filter in the output, to sup-
press low frequency distortion (A HP-filter shall be used at the input).

4.3.8.2.3 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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J— Power
b, inserter
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Pl adjustment ~ o .
G *
~ R Current
adjustment
2507/10
Power
inserter

Current
adjustment

* Necessary if the local powered
objects powered other equipment
IEC 2508/10

28 — Test set-up for remote-powered objects

4.3.8.3 Measuring procedure

4.3.8.3.1 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

—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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B

Calibration signal Measured signal

v
K

IEC 2509/10

Figure 9 — Oscilloscope display

Check the suitability of the measuring set-up by connecting poi : B jether and
measuring the set-ups inherent hum. The calculation of the hum™s iS given in

4.3.8.4. This value should be at least 10 dB better than the red for the
equipment under test. For measurements with set-ups fordoca ¢ cts, use the set-
up shown in Figure 7 to check. The subsequent measureme 1= jed out in suitable
increments through the entire operating frequency rar c value is independent
of the RF level, however, the RF level should be agnitude of the test object's
operating level.

4.3.8.3.2 Local-powered test obj

Adjust the test object to maximum or fmini » g voltage using the transformer. The
supply current depends on the power est object. Modulate the signal gen-
erator with the reference g evel at'point B by means of an attenuator so

e detector is within a non-admissible op-

| de "¢" of the demodulated reference signal
which is displayed _on i N hen switch off the reference signal and measure the
peak-to-peak va i

In addition, for tesfA0b No upply terminals, adjust the maximum admissible cur-
rent for the respecCti 3 ans of resistor R.

on “Local-pov -o test objects”. The only difference is that the supply energy is routed to the
equipment via annRF ferminal. In case there are several RF interfaces available for power in-
sertion, each of thes¢ interfaces shall be included in the measurement procedure in a suitable
manner.

4.3.8.4 Calculating the hum modulation ratio
4.3.8.41 Frequency range

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

4.3.8.4.2 Individual object

Hum modulation ratio [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 re-
sult of the term: —20 Ig(modulation depth).
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4.3.8.4.3 Cascaded test objects

For high hum modulation ratios it can be useful to cascade several test objects for better de-
termination of the measuring values. Then, for calculating the individual object, use the follow-
ing formula:

Hum modulation ratio g1} = Hum modulation ratio [;a5cadeq) + 20 19 7 [dB]
where n = number of cascaded test objects.

4.3.8.4.4 Loop value correction

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

_measured value _calkyé\'\o corregtion
Hum modulation ratio [gyr; = —20Ig| 10 20 -10 0

4.4 Automatic gain and slope control step response

4.41 Definitions

ers are cascaded. Moreover, correctly sonstants gre an advantage during meas-
urements with CATV systems analyzers-

NOTE It is assumed that {

time constant, the 5 valte
(see Figure 10).

50 %

100 %!

IEC 2510/10

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

4.4.2 Equipment required

The following equipment is required:

a) two pilot frequency generators (or one if only one pilot frequency is used); Documents
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b) a combiner for the two pilot frequency generators;
c) one switched attenuator;
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.

4.4.3 Connection of equipment

The equipment is connected as shown in Figure 11.

G Cable 1 Cable 2

Pilot generators T H oA ._\E\QQ @

Spectrum
analyzer
G (with storage
~ CRT)
IEC 2511/10
4.4.4 Measurement proce
The measurement progedure
a) with the rota@' ' RS, N position B, (no cables), ensure that the pilot sig-
nals at the po valye and that the input levels are in the normal operat-

ing range of the.&

b) turn the rotar ion A (cable 1) and connect the equipment under test.
With a 2 gB\plug er (or an additional 2 dB cable equaliser in front of the equip-
ment und gnals will have the same level at the first stage of the amplifi-
er;

c) switch ent dnder test to automatic gain control. The two pilot frequencies on
the spectr

d) tune to the upperpilot frequency using the spectrum analyzer on the following settings:

frequency span 0 MHz
IF bandwidth 3 MHz
scan 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 spec-
trum analyzer scan. See Figure 11. Measure the control time constant 7.

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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4.5 Noise figure
4.5.1 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 us-
ing an excess noise source.

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

4.5.2 Equipment required

The following equipment is required:

a) a noise generator (excess noise source) suitable for the frequ with dB,

or kT, calibration.
b) a 3 dB attenuator.
c) a frequency selective power meter (voltmeter).

4.5.3 Connection of equipment

R
kT
) Selective
Noise power meter
generator 3 dB pad

IEC 2512/10

easurement of noise figure

generator turned off); The measured noise level should be at least 10 dB higher than the
indication of the power meter if its input is terminated in 75 Q. The bandwidth of the power
meter should be adjusted to obtain a stable reading;

b) insert the 3 dB attenuator and increase the noise generator output level until the power
meter 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.
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4.6 Crosstalk attenuation

4.6.1 Crosstalk attenuation for loop through ports

4.6.1.1 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 in-
put ports. Therefore, the crosstalk attenuation between input ports is an important parameter.

4.6.1.2 Equipment required

A network analyzer is required.

4.6.1.3 Measurement procedure over the operating satellite IF
The measurement procedure comprises the following steps:

a) connect the network analyzer reflection port to multi-switch put p

b) connect the multi-switch loop through port 1 to the
Loop through port 1 corresponds to input port 1;

c) terminate all unused ports;

N

é lodp through port 1. Let a4 be
nge;

d) measure the attenuation between the input
the attenuation in decibels over thg operatifig

input port 2;

f) terminate all unused ports;

g) measure the attenuatign t inm

attenuation in decibel over the operating frequef

satellite IF freq

4.6.2 Crosstalk at

4.6.2.1

Due to crosst tpit port’of a multi-switch carries, besides the selected input signal, in-
terfering r input ports. Therefore, the crosstalk attenuation between input

In addition to electfomagnetic 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.

4.6.2.2 Equipment required
The following equipment is required:

a) network analyzer;
b) bias-tee (see Figure 8);
c) standard satellite receiver.

4.6.2.3 Measurement procedure over the operating satellite IF frequency range
The measurement procedure comprises the following steps:

a) connect the multi-switch output port to the bias-tee RF and DC port; Documents
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b) connect the bias-tee RF port to the network analyzer 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 analyzer 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 a4 be
the attenuation in decibels over the operating frequency range;

SPECTRUM ANALYZER
Reflection Transmisgion
port
o a
Input port 1
tiswitch
H
Input port 2 Loop through port 2

o

SPECJRUM ANALYZER

Reflecti Transmission
rt port
AY 6 ®_
N
Multiswitch
> <
Input port 1 / Loop through port 1
az

o S —

Input port 2 Loop through port 2

A A Ao A
QOutput ports terminated
IEC 2513/10

Figure 13 — Measurement of crosstalk attenuation for loop
trough ports of multi-switches
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h) connect the network analyzer 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.

4.7 Signal level for digitally modulated signals

The method to measure the signal level for digitally modulated signals_is described in

IEC 60728-1.

4.8 Measurement of composite intermodulation noise ratio (
4.8.1 General

Non-linearity of return path equipment carrying only digita als can be meas-

ured using different methods. The most prevalent method
a) Bit Error Ratio (BER)

This method involves sending modula
fill the return band. The BER is meas

b) The noise in gap measurement

noise enters the equip
is more or less filled w
and the distortio@s

In this method two group e’than ten CW tones are presented at the input of the
equipment . S eS in each group are phase-locked to simulate the peak-to-

the upperand lowenthird ofder products.

The result of plotting’the BER or the power ratios versus the signal level is a bathtub curve.
When the signal level is low thermal noise (or other constant noise such as RIN of lasers) will
dominate. When the signal is high enough, intermodulation noise will dominate. All these
methods can not differentiate between the two, since both appear as noise.

4.8.2 Equipment required

The following equipment is required:
a) a source of white Gaussian noise covering the frequency band of the equipment to be

tested;
b) a filter to shape the noise as shown in Figure 14 for frequencies as given in Table 2.
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Table 2 — Notch filter frequencies

Frequency range Notch filter frequency

Siow tO fhigh f
5 MHz to 30 MHz 12 MHz 17,5 MHz 22 MHz
5 MHz to 50 MHz 22 MHz 27,5 MHz 35 MHz
5 MHz to 65 MHz 27,5 MHz 35 MHz 48 MHz

The filter shall limit the noise bandwidth to the bandwidth of the EUT. It shall also add a notch
to the noise spectrum. The notch frequency shall be in the middle of the spectrum;

c) a spectrum analyzer;
d) a variable 75 Q attenuator, adjustable in 1 dB steps.

dB A
" Lo Do
0 —
-1 / / Y,(/
2 F \ [ TR R XY
= ‘T~ 5/ ~ A
-+ NS 7S
7 | N \J
08/ N 5\1’21’ \_)/
11 fiow 0.9 P\i 0.9 fhigh
-50 -4 N N\ )
05;4“ \ 100 kHz 1.3 g
Jhigh j

IEC 2514/10

~ A B
G /1 ~
KT A X
Spectrum
analyzer

EUT

IEC 2515/10

Figure 15 — Test setup for the non-linearity measurement
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