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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 6: Optical equipment

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for 8
all national electrotechnical committees (IEC National Committees). The objectNof to promote
international co-operation on all questions concerning standardization in the eIe e i flelds To

preparatory work. Internatlonal governmental and non-governmental organizati
participate in this preparation. IEC collaborates closely with the Inte \

2) The formal decisions or agreements of IEC on technical matterg expre
consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

3) IEC Publications have the form of recomm

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

4) In order to promote international uniformi

employees, servants or agents including individual experts and
ational Committees for any personal injury, property damage or
ether direct or indirect, or for costs (including legal fees) and
se of, or reliance upon, this IEC Publication or any other IEC

9) ssibility that some of the elements of this IEC Publication may be the subject of

patent rights. % She 2 held responsible for identifying any or all such patent rights.

International Standarg’|lEC 60728-6 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 second edition cancels and replaces the first edition published in 2001 of which it
constitutes a technical revision.

The text of this standard is based on

FDIS Report on voting

100/680/FDIS 100/697/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.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that this publication remains valid until 2006. At this date, in
accordance with the committee’s decision, the publication will be:

« reconfirmed;
* withdrawn;
« replaced by a revised edition, or

¢ amended.

@%
N
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INTRODUCTION

Standards of the IEC 60728 series deal with cable networks for television signals, sound
signals and interactive services including equipment, systems and installations:

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

« for processing, interfacing and transmitting all kinds of interactive multimedia signals using
all applicable transmission media.

They cover all kinds of networks that convey modulated RF carriers such as

¢ CATV-networks;
¢  MATV-networks and SMATV-networks;

¢ individual receiving networks;

and all kinds of equipment, systems and installations installed i

terminal inputs where no system outlet exists.

The standardization of any user terfinals decoders, multimedia

terminals, etc.) is excluded.

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

Part 6: Optical equipment

1 Scope

ements and data
ignals, sound

This part of IEC 60728 lays down the measuring methods, performance requi
publication requirements of optical equipment of cable networks for tel
signals and interactive services.

This standard

« applies to all optical transmitters, receivers, amplifiers

* lays down data publication requireme

* describes methods of measurement/for compli

nd-interact

ed applies. For undated references, the latest edition of
ding any amendments) applies.

IEC 60169-2, Radio-frequency connectors — Part 2: Coaxial unmatched connector

IEC 60169-24, 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:2002", Graphical symbols for use on equipment
IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC 60617 (all parts) [DB]*, Graphical symbols for diagrams

* “DB” refers to the IEC on-line database. Documents
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IEC 60728-1, Cabled distribution systems for television and sound signals — Part 1: Methods of
measurement and system performance

IEC 60728-2, Cabled distribution systems for television and sound signals — Part 2:
Electromagnetic compatibility of equipment

IEC 60728-3, Cabled distribution systems for television and sound signals — Part 3: Active
coaxial wideband distribution equipment

IEC 61280-2-2, Fibre optic communication subsystem basic test procedures — Part 2-2: Test
procedures for digital systems — Optical eye pattern, waveform, and extinction ratio

parameters — Optical power meter

IEC 61290-3, Optical fibre amplifiers — Basic spgcKi
figure parameters

IEC 61290-5, Optical fib
reflectance parameter.

EN 300019-1-8 onmental Engineering (EE); Environmental conditions and environmental
tests for telecomm ations equipment; Part 1-3: Classification of environmental conditions;
Stationary use at weatherprotected locations

3 Terms, definitions, symbols and abbreviations

3.1 Terms and definitions

For the purposes of this document, the definitions given in IEC 60728-1, IEC 61931 and the
following terms and definitions apply.

3.11

optical transmitting unit; optical transmitter; Tx (abbreviation)

transmit fibre optic terminal device accepting at its input port an electrical signal and providing
at its output port an optical carrier modulated by that input signal

NOTE For the purposes of this standard, optical transmitters may have more than one input port accepting
electrical RF signals.

[IEC 61931, definition 2.9.6] Documents

Document Sharing Hub

Full document details: IEC 60728-6 2003


http://avadocuments2026.com/doc/iec-60728-6-2003
http://avadocuments2026.com/doc/iec-60728-6-2003

60728-6 © IEC:2003(E) -9-

3.1.2

optical receiving unit; optical receiver; Rx (abbreviation)

receive fibre optic terminal device accepting at its input port a modulated optical carrier, and
providing at its output port the corresponding demodulated electrical signal (with the associated
clock, if digital)

NOTE For the purposes of this standard, optical receivers may have more than one output port providing electrical
RF signals.

[IEC 61931, definition 2.9.7]

3.1.3

optical amplifier

optical waveguide device containing a suitably pumped, active medium whij ble to amplify
an optical signal

[IEC 61931, definition 2.7.75]

3.1.4
(optical) isolator

[IEC 61931, definition 2.6.30]

3.1.5
(optical (fibre)) splice

permanent, or semi per
optical fibres

[IEV 731-05-05 modifi

[IEC 61931, def@ 2

3.1.6
fibre optic brane¢hik i al) (fibre) branching device;

optical fibre i ROSS ing three or more optical ports, which shares optical power among
R & i fashion, at the same wavelength or wavelengths, without

31.7

directional branching device; directional coupler (deprecated)

device which distributes an optical signal among the output ports in a predetermined fashion
only when light is launched into one preselected input port

[IEC 61931, definition 2.6.22]

NOTE For the purposes of this standard, directional coupler is the preferred term because this is also the term for
its electrical equivalent.

3.1.8

multiplexing device; WDM device

wavelength selective branching device (used in WDM transmission systems) in which optical
signals can be transferred between two predetermined ports, depending on the wavelength of

the signal
Documents
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[IEC 61931, definition 2.6.51]

3.1.9

reference output level of an optical receiver

offset x by which the electrical output level of an optical receiver can be calculated from the
optical input level at a modulation index of m = 0,05 using following equation:

U=2Pyprx * x dB(LV) (1)
where
U is the electrical output level in dB(uV)
Popt,rx s the optical input level in dB(mW)
X is the reference output level in dB(uV)
3.1.10

optical modulation index
optical modulation index is defined as

()

ctlon ratio defined in 2.6.79 and 2.7.46 of

IEC 61931 must be used. A test procedure for “ e din IEC 61280-2-2.

3.1.11

noise figure

decrease of the signa ) S¢ Ne output of an optical detector with unitary
quantum efficie ¢ gation of a shot noise-limited signal through the optical

amplifier (OFA),
[IEC 61291-1]

NOTE The noise fig plifiers“depends on the optical input power and on the wavelength used.
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3.1.12

relative intensity noise

RIN

ratio of the mean square of the intensity fluctuations in the optical power of a light source to the
square of the mean of the optical output power. The RIN is usually expressed in dB(Hz™1)
resulting in negative values then

NOTE The value for the RIN can be calculated from the results of a carrier-to-noise measurement for the system
(see 4.18).

3.1.13
noise equivalent power
NEP

noise bandwidth
[IEV 731-06-40]
[IEC 61931, definition 2.7.61]

NOTE The NEP can be calculated from the carrier-to-noise ratio

where
m is the optical modulation index;
P is the received optical power;

B is the bandwidth.

The NEP shall be expressed in

3.1.14

equivalent inpu
notional input n
device, would pro i drrent density equal in value to that observed at the
output of the actua j

NOTE It can beca 9 arrier-to-noise ratio C/N (see 4.18) of a device or system using:
;- C
r 1 )
21079 N

where
C is the power of the ier at the input of the device or system;
Z is its input impedance.

The equivalent input noise current density shall be expressed in units of A/VHz.

3.1.15
responsivity
ratio of an optical detector’s electrical output to its optical input at a given wavelength

[IEV 731-06-36 modified]

NOTE 1 The responsivity is generally expressed in amperes per watt or volts per watt of incident radiant power.
NOTE 2 Sensitivity is sometimes used as an imprecise synonym for responsivity.

NOTE 3 The wavelength interval around the given wavelength may be specified.

[IEC 61931, definition 2.7.56]
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3.1.16

chromatic dispersion; total dispersion (deprecated)

spreading of a light pulse per unit source spectrum width in an optical fibre caused by different
group velocities of the different wavelengths composing the source spectrum.

NOTE The chromatic dispersion may be due to the following contributions: material dispersion, waveguide
dispersion, profile dispersion.

[IEC 61931, definition 2.4.54]

3.1.17
wavelength
distance covered in a period by the wavefront of a harmonic plane wave.

[IEC 61931, definition 2.2.9]

NOTE The wavelength A of light in vacuum is given by

A E (5)
where
c is the speed of light in vacuum (¢ = 2,99792 x 108 m/s);
f is the optical frequency.

wavelength of light in vacuum is used.

3.1.18
chirping

NOTE 1 Chirping shaould

NOTE 2 Due to th
improvement of the totgt'b,

[IEC 61931, definifio

3.1.19

3.1.20

linewidth

spectral bandwidth of an individual mode of a laser, defined as the difference between those
optical frequencies at which the amplitude reaches or first falls to half of the maximum
amplitude

3.1.21
coherence length
propagation distance over which propagating light may be considered to be coherent radiation

[IEV 731-01-17 modified]

NOTE The coherence length in a medium of refractive index n is approximately

2
A, 1(nBA)
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where
A, is the central wavelength;
AA is the spectral linewidth of the source.

[IEC 61931, definition 2.1.67]

3.1.22
coherence time
time over which a propagating light may be considered to be coherent radiation

[IEV 731-01-18]

in a medium.

ength, AA is the

NOTE 1 The coherence time is equal to coherence length divided by the phase velocity of ligh

NOTE 2 The coherence time is given approximately Aoz/(cﬂm) where A is the cenira
spectral linewidth and c is the velocity of light in vacuum.

[IEC 61931, definition 2.1.68]

3.1.23
well-cleaved

well-cleaved end of fibre has a clean plane front perpendicuta e fibre

3.1.24

amplified spontaneous emission

ASE

optical power associated to spontaneo photo plified by an active medium in

an optical amplifier

[IEC 61931, definition 2.7.87]

3.1.25

directivity

in a generic optical bra e of the undesired transfer of a portion of optical
power from one ifpug po g are optically matched for zero reflection

[IEC 61931, definiti

3.1.26

central wavégleny

the averag s at which the amplitude of a light source reaches or last falls
to half i plitude

3.1.27
spectral width
measure of the wavelength range of a spectrum or spectral characteristic

[IEV 731-06-24 modified]
[IEC 61931, definition 2.7.42]

3.1.28

(stimulated) Brillouin scattering

SBS

non-linear scattering of optical radiation characterized by a frequency shift as for the Raman
scattering, but accompanied by a lower frequency (acoustical) vibration of the medium lattice.
The light is scattered backward with respect to the incident radiation

NOTE |In silica fibres the frequency shift is typically around 10 GHz.

[IEC 61931, definition 2.1.88]
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3.1.29

saturation output power (gain compression power)

optical power level associated with the output signal above which the gain is reduced by N dB
(typically N=3) with respect to the small-signal gain at the signal wavelength.

NOTE The wavelength at which the parameter is specified shall be stated.

[IEC 61291-1, definition 3.1.11]

3.1.30

optical return loss; return loss; ORL (abbreviation)

ratio, expressed in dB, of the total reflected power to the incident power from an optical fibre,
optical device, or optical system, and defined as:

P
-10lg——
gP-

where
Pr
P.

is the reflected power;

is the incident power.

NOTE 1 When referring to a reflected power from an individual |comporient, reflectanse

[IEC 61931, definition 2.6.49]

S the preferred term.

case.

3.1.31
cladding mode
mode in which the el

there being a on@e
[IEV 731-03-60]

[IEC 61931, defi

ined in the cladding and the core by virtue of
rrounding the outermost cladding

3.1.32
slope
gain or atte
system

e at two defined frequencies between any two ports of a device or

3.1.33

flatness

difference between the maximum and the minimum gain or attenuation reduced by the slope
within the specified modulation frequency range of a device or system

3.1.34

small-signal gain

gain of an optical amplifier operated in its linear region where this gain is independent from the
optical input power

NOTE This parameter can be given for a single wavelength or as a function of the wavelength.

3.1.35
polarization dependent loss
maximum change in insertion loss for all states of input polarization
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3.1.36
centroidal wavelength
mean or average wavelength of an optical spectrum

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.

@)

Optical transmitter Optical receiver
[S00213] [S00213]

Optical amplifier
[S00127, S01239]

Isolator
[S01175]

Directional coupler
[S00059, S01193]

elay line
00608]

Polarisation control device
[S001430, proposed]

Low-pass filter
[S01248]

Variable attenuator
[S01245]

Sine-wave generator
[S00899, S01403]

Voltmeter
[S00059, S00913]

Power meter
[S00059, S00910]

Ammeter
[S00059, S00910]

Selective voltmeter
[S00059, S00081,
S00913, S01249]

Oscilloscope /
[S00059, S00922]

Optical spectrum analyzer
[S00059, S00910]

Electrical spectrum analyzer
[S00059, S00910]

Q| |®] |O|52][r =] || [} X4 1] [

X[ [=
Q@GD@?
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LYY RF choke _:_ Resistor
[S00583] [S00555]
Capacitor DC power supply
[S00567] [S00206]
Amplifier _l - Photodiode with fibre pigtail
[S01239] — [S01327]
Ground
[S01410]

3.3 Abbreviations

The following abbreviations are used in this standard:
AC alternating current

AGC automatic gain contro

ALC automatic level control

ASE amplified spontaneous/emission

CATV vis%etw K
C/N

CSO

CTB

cw

DC

EMC

IF

MATV

MTBF mean\time between failure

NEP noisé equivalent power

NF noise figure

PDL polarization dependent loss

PRBS pseudo random bit sequence

RF radio frequency

RIN relative intensity noise

SMATV satellite master antenna television (network)
WDM wavelength division multiplexing

XM composite crossmodulation
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4 Methods of measurement

4.1 General measurement requirements

For all methods of measurements described in this clause the following requirements shall be
considered.

4.1.1 Input specification
The following conditions shall be obtained from the device specification:

e supply voltage(s);

< control signal(s), if any, with correct impedance, level and frequenc

4.1.2 Measurement conditions

Unless otherwise specified, all measurement shall be carried

of the measurement;
e during measurement any control inpd

+ test fibres shall have clean and uns
reflections.

4.2 Optical power

4.21 Purpose

The purpose of@ ~

the end of a test fif)
manufacturer. T

4.2.2
a) An opti
of theNpowe

test fibre
+10 % is recomm

and a spectral sensitivity compatible with the light source. A minimum accuracy of
ded.

b) A length of fibre for connecting the light source to the power meter.
c) A cladding mode stripper if the fibre has no cladding mode stripping coating.

d) Test signal generator(s).

4.2.3 General measurement requirements

a) The transmitter shall be modulated with at least one modulation carrier at the specified
optical modulation index.

b) Cladding modes shall be stripped from the fibre by means of suitable cladding mode
stripping techniques.
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