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tional electrotechnical committees (IEC National Committees). The object of IEC __is\ to
htional co-operation on all questions concerning standardization in the electrical and electronic
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ical Reports, Publicly Available Specifications (PAS) and Guides (hereafter réferred to
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bn any |IEC Publication and the corresponding\national or regional publication shall be clearly in
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Ement services and, in some areas, @ccess to IEC marks of conformity. IEC is not responsib
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es arising out of.‘the publication, use of, or reliance upon, this IEC Publication or any
ations.

on is drawn_to:the Normative references cited in this publication. Use of the referenced publi
bnsable for.thecorrect application of this publication.

on is drawn to the possibility that some of the elements of this IEC Publication may be the
rights. NEC shall not be held responsible for identifying any or all such patent rights.
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cations is

subject of

onal Standard IEC 60728-6 has been prepared by technical area 5: Cable net

orks 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 2003 of which it
constitutes a technical revision.

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

The

normative references were updated.

The methods of measurement for optical power and return loss were substituted by
references to other standards.

The

method of measurement for polarization dependent loss was deleted.
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e A method of measurement for carrier-to-crosstalk ratio (CCR) was added.

e The methods of measurement for CSO and CTB of optical amplifiers were substituted by a
method of measurement for microscopic gain tilt of optical amplifiers. This parameter can
be used for calculating the second order distortion of optical amplifiers according to the

method described in the new Annex B.

e New classes for optical transmitters and receivers have been defined.

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

CDV Report on voting
100/1654/CDV 100/1789/RVC

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

This publication has been drafted in accordance with the ISO/IEC DirectivesyPart 2.

The list| of all the parts of the IEC 60728 series, under the generalitle Cable netw
televisign signals, sound signals and interactive services, can be fond on the IEC web

The committee has decided that the contents of this publication will remain unchanged
stability|date indicated on the IEC web site under "http://webstore.iec.ch" in the data rg
the spegific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amepded.

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

eport on

orks for
Site.

until the
lated to
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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 and their associated data signals and for processing,
interfacing and transmitting all kinds of signals for interactive services using all applicable
transmission media.

e This covers all kinds of networks that convey modulated RF carriers such as CATV-
networks;

¢ MATV-networks and SMATV-networks;

e indi
and all K

NOTE C
telecomm|

The exfent of this standardisation work is from the antennas and/or\special signa

inputs tq

The st3
terminal
is exclu

The req

distribufion network to convey the signal to the TV receivers.

iduai IUbUiViIIH IIUtVVUIII'\D,
inds of equipment, systems and installations installed in such networks.
ATV encompasses the Hybrid Fibre Coaxial (HFC) networks used nowadays to

unications services, voice, data and audio and video both broadcast and narrowcast-

the headend or other interface points to the network up to thelterminal input.

ndardisation of any user terminals (i.e. tuners, receivers, decoders, mu
s, etc.) as well as of any coaxial, balanced and optical)cables and accessorieg
jed.

eption of television signals inside a building requires an outdoor antenng

provide

source

Iltimedia
thereof

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

Part 6: Optical equipment

1 Scope

This part of IEC 60728 lays down the measuring methods, performance requirements and data

publicat
signals

This standard

e appl

multjplexing devices, connectors and splices used in cable networks;

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

NOTE The upper limit of 3000 MHz is an example, but not a strict valué.

e iden

e lays

e desdribes methods of measurement for compliance testing.

All requ
frequen

televisign signals, sound signals and interactive services.

2 Normative references

The foll

dated references, only the_edition cited applies. For undated references, the latest e

the refe

IEC 60068-1:1988,.~:Environmental testing — Part 1: General and guidance
IEC 60068-2-45~"Environmental testing — Part 2-1: Tests — Test A: Cold

IEC 600[68-2-2, Environmental testing — Part 2-2: Tests — Test B: Dry heat

on requirements of optical equipment of cable networks for television signalg
and interactive services.

es to all optical transmitters, receivers, amplifiers, directional ‘Couplers, is

lifies guaranteed performance requirements for certain parameters;

down data publication requirements with guarante€d performance;

Cy range and in well-matched conditions as might be applicable to cable netw

bwing referenced documents are indispensable for the application of this docum

renced document (including any amendments) applies.

, sound

olators,

rements and published data relate to minimum performance levels within the gpecified

orks for

ent. For
dition of

IEC 60068-2-6:2007, 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 60068-2-30, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic (12+
12 h cycle)

IEC 600

68-2-31, Environmental testing — Part 2-31: Tests — Test Ec: Rough handling

primarily for equipment-type specimens

shocks,
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IEC 60068-2-40, Environmental testing — Part 2-40: Tests — Test Z/AM: Combined cold/low air
pressure tests

IEC 601

IEC 604

IEC 605

IEC 606

69-24, Radio-frequency connectors — Part 24: Radio-frequency coaxial connectors
with screw coupling, typically for use in 75 ohm cable distribution systems (Type F)

17, Graphical symbols for use on equipment
29, Degrees of protection provided by enclosures (IP Code)

17, Graphical symbols for diagrams

IEC 607
Part 1:

IEC 607
Part 2: |

IEC 607
serviceq

IEC 607
Part 11

IEC 607
serviceq

IEC 607
specific

IEC 608

IEC 612
procedu

measur¢ément for single-mode optical fibre cable

IEC 612
Genera

IEC 612

28-1, Cable networks for television signals, sound signals and interactive. se
bystem performance of forward paths

28-2, Cable networks for television signals, sound signals and interactive se
Flectromagnetic compatibility for equipment

— Part 3: Active wideband equipment for coaxial cable networks

28-11, Cable networks for television signals, sound signals and interactive s¢
Safety

— Part 13: Optical systems for broadcastsignal transmissions

93-2-50:2008, Optical fibres — PRart 2-50: Product specifications — §
htion for class B single-mode fibres

25-1, Safety of laser products'— Part 1: Equipment classification and requirem

80-1-1, Fibre optic communication subsystem basic test procedures — Part 1
res for general communication subsystems — Transmitter output optica

80-1-3, Fibre' optic communication subsystem basic test procedures — |

82-4, ) 'Fibre optic communication system design guides — Part 4: Accomoda

rvices —

rvices —

28-3:2010, Cable networks for television signals, sound ‘signals and inferactive

rvices —

28-13:2010, Cable networks for televisiony'signals, sound signals and inferactive

ectional

ents

-1: Test

power

Part 1-3:

commupieation subsystems — Central wavelength and spectral width measurenpent

ion and

utilizatignef’non-linear effects
IEC 61290-1 (all parts), Optical amplifiers — Test methods — Part 1: Power and gain
parameters

IEC 612

IEC 612

IEC 612

90-1-3, Optical amplifiers — Test methods — Part 1-3: Power and gain parameters —
Optical power meter method

90-3-2:2003, Optical amplifiers — Part 3-2: Test methods for noise figure parameters
— Electrical spectrum analyzer method

90-5 (all parts), Optical amplifiers — Test methods — Part 5: Reflectance parameters
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IEC 61290-6 (all parts), Optical fibre amplifiers — Basic specification — Part 6: Test methods
for pump leakage parameters

IEC 61290-11 (all parts), Optical amplifiers — Test methods — Part 11: Polarization mode
dispersion parameter

IEC 61291-1, Optical amplifiers — Part 1: Generic specification

IEC 61291-5-2, Optical amplifiers — Part 5-2: Qualification specifications — Reliability
qualification for optical fibre amplifiers

IEC 61300-3-6 bre—optie+interconnectng-device F-PaSSHE—COMPORen Bas#

, , : re—€0 fest and
¢ment procedures — Part 3-6: Examinations and measurements — Return loss

IEC 617[54-4, Fibre optic connector interfaces — Part 4: Type SC connector family
IEC/TRB1931:1998, Fibre optic — Terminology

IEC 804{16 (all parts), Basic principles for graphical symbols for use on equipment

3 Terms, definitions, symbols and abbreviations
3.1 Tlerms and definitions

For thg purposes of this document, the terms-and definitions given in IEC §0728-1,
IEC/TR 61931 and the following apply.

3.11
optical transmitting unit
optical transmitter

TX
transmif fibre optic terminal deviceraccepting at its input port an electrical signal and providing
at its ouftput port an optical carriermodulated by that input signal

[IEC/TR[61931:1998, definition 2.9.6]

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

3.1.2
optical receiving unit
optical receiver

Rx
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)

[IEC/TR 61931:1998, definition 2.9.7]

NOTE For the purposes of this standard, optical receivers may have more than one output port providing electrical
RF signals.
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3.1.3

optical amplifier

OA

optical waveguide device containing a suitably pumped, active medium which is able to amplify
an optical signal

[IEC/TR 61931:1998, definition 2.7.75]

3.14

(optical) isolator

two port non-reciprocal optical device intended to suppress backward reflection, while having
minimum insertion loss in the forward direction, based on Faraday effect

NOTE 1 |An isolator is commonly used to prevent return reflections along a transmission path.

NOTE 2 |An isolator is generally polarization dependent; however fibre optic polarization independent|isolatofs exist.

[IEC/TR[61931:1998, definition 2.6.30]

315
(optical (fibre)) splice
permangnt, or semi permanent, joint whose purpose is to couple“eptical power between two
optical fibres

[IEC 60050-731:1991, 731-05-05, modified] and [IEC/TR 61931:1998, definition 2.6.8]

3.1.6
fibre ogtic branching device
(optical)) (fibre) branching device
(optical)) (fibre) coupler (deprecated)]
optical fibre device, possessing three or morg*optical ports, which shares optical powef among
its ports in a predetermined fashion, \at’ the same wavelength or wavelengths, | without
wavelerlgth conversion

NOTE The ports may be connected to fibres, sources, detectors, etc.

[IEC/TR[61931:1998, definition 2:6.21]

3.1.7
directijnal branching'\device

directignal coupler(deprecated)
device Wwhich distributes an optical signal among the output ports in a predetermined|fashion
only when lightiisaunched into one preselected input port

[IEC/TR[64931:1998, 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

[IEC/TR 61931:1998, definition 2.6.51]
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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 the following equation:

U=2 Py rx *t x dB(pV)
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

= I
Pt

where @, is the highest and ¢ is the lowest instantaneous optical power of the

modulated optical signal

NOTE 1 |This term is mainly used for analogue systems.

NOTE 2 |This definition does not apply to systems where the inputigignals are converted and transported
baseband| signals. In this case, the terms modulation depth or‘extinction ratio defined in 2.6.79 and

IEC/TR 61931 are used. A test procedure for extinction ratio iskdescribed in IEC 61280-2-2.

3.1.11

noise figure
decreaiF of the signal-to-noise ratio (SNRY, at the output of an optical detector witH
efficiency, due to the propagation of a shot noise-limited signal through thg

quantu
amplifief (OA), expressed in dB

[IEC 61291-1:2006, definition 3,2:38]

NOTE The noise figure of optical\amplifiers depends on the optical input power and on the wavelength ug

3.1.12
relative|intensity noise
RIN

ratio of the mean-square of the intensity fluctuations in the optical power of a light sourg

square ¢f the mean of the optical output power

NOTE 1 The RIN is usually expressed in dB(Hz ") resulting in negative values.

(1)

()

ntensity

as digital
2.7.46 of

unitary
optical

e to the

NOTE 2 The value for the RIN can be calculated from the results of a carrier-to-noise measurement for the system

(see 4.16).

3.1.13
equivalent input noise current density

notional input noise current density which, when applied to the input of an ideal noiseless
device, would produce an output noise current density equal in value to that observed at the

output of the actual device under consideration
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NOTE It can be calculated from the carrier-to-noise ratio C/N (see 4.18) of a device or system using:

C

Ir = (3)

—
where
C is the power of the carrier at the input of the device or system;

Z is its input impedance.

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

3.1.14
responJ;ivity
ratio of an optical detector’s electrical output to its optical input at a given wavelength

[IEC 60050-731:1991, 731-06-36, modified]

NOTE 1 |The responsivity is generally expressed in amperes per watt or volts per watt ofiincident 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/TR[61931:1998, definition 2.7.56]

3.1.15
chromaltic dispersion

total dispersion (deprecated)
spreading of a light pulse per unit source spectrim 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/TR[61931:1998, definition 2.4,54]

3.1.16
wavelength
distancg covered in a period by the wavefront of a harmonic plane wave

[IEC/TR[61931:1998;-definition 2.2.9]

NOTE 1 |The wavelength 2 of light in vacuum is given by

= (4)
where
c is the speed of light in vacuum (c = 2,997 92 x 108 m/s);
f is the optical frequency.

NOTE 2 Although the wavelength in dielectric material such as fibres is shorter than in vacuum, only the
wavelength of light in vacuum is used.

3.1.17

chirping

rapid change of the emission wavelengths of a directly intensity-modulated optical source as
a function of the intensity of the modulating signal

NOTE 1 Chirping should not be confused with long-term wavelength drift.
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NOTE 2 Due to the fibre chromatic dispersion, using a single-mode laser, chirping can cause either degradation or
improvement of the total bandwidth.

[IEC/TR

3.1.18

61931:1998, definition 2.7.44]

polarization

aximum

orientation of the electric field vector of the electromagnetic radiation

[IEC/TR 61931:1998, definition 2.1.44]

3.1.19

linewidth

spectrall bandwidth of an individual mode ot a laser, defined as the difference betwee‘n those
optical frequencies at which the amplitude reaches or first falls to half of the.m
amplitude

3.1.20

coherence time

ym.

AL is the

dium in

f optical

falls to

time over which a propagating light may be considered to be coherentfadiation

NOTE 1 |The coherence time is equal to coherence length divided by the phasevelocity of light in a medi
NOTE 2 |The coherence time is given approximately 102/(c'Ai) where A)is the central wavelength,

spectral linewidth and c is the velocity of light in vacuum.

[IEC 60050-731:1991, 731-01-18] and [IEC/TR 61931:1998, definition 2.1.68]

3.1.21

amplified spontaneous emission

ASE

optical power associated to spontaneously emitted photons amplified by an active mq
an optical amplifier

[IEC/TR|61931:1998, definition 2.7.87]

3.1.22

directivijity

in a generic optical branching device, measure of the undesired transfer of a portion o
power flom one input port,’ when all other ports are optically matched for zero reflection
[IEC/TR|61931:1998,\\definition 2.6.50]

3.1.23

centre wavelength

averagel of/those wavelengths at which the amplitude of a light source reaches or las
half of the-rraximum—amplitude

3.1.24

spectral width

measure of the wavelength range of a spectrum or spectral characteristic

[IEC 60050-731:1991, 731-06-24 modified] and [IEC/TR 61931:1998, definition 2.7.42]
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3.1.25

(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/TR 61931:1998, definition 2.1.88]

3.1.26

saturation output power
gain compression power
optical power level associated with the output signal above which the gain is reduced [pby 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 should be stated.

[IEC 61291-1:1998, definition 3.2.33]

3.1.27
optical freturn loss
return lpss

ORL
ratio, ejpressed in dB, of the total reflected power to thevincident power from an optidal fibre,
optical device, or optical system, and defined as:

P ()
~101g—
9

is the reflected power;
i is {he incident power.

NOTE 1 |When referring to a refl€cted power from an individual component, reflectance is the preferred tgrm.

[IEC/TRI61931:1998, definition 2.6.49]

NOTE 2 |For the purposes of this standard, the term reflectance is used for optical amplifiers only. The tefm optical
return losp is used for/ports of all other types of equipment.

NOTE 3 [The ‘term return loss is also used for electrical ports. The definition relates to electrical powgrs in this
case.

3.1.28

cladding mode

mode in which the electromagnetic field is confined in the cladding and the core by virtue of
there being a lower refractive index medium surrounding the outermost cladding

[IEC 60050-731:1991, 731-03-60] and [IEC/TR 61931:1998, definition 2.4.10]

3.1.29

slope

gain or attenuation difference at two defined frequencies between any two ports of a device or
system

NOTE 1 In this document the term slope relates only to the electrical gain or attenuation of equipment.
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NOTE 2 In equipment for cable networks a line of best fit of the amplitude frequency response is considered at the
band limits (see 4.10).

3.1.30

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

3.1.31

small-signal gain

SSG

for an optical fibre amplifier, the gain of the OFA, when operated in the linear regime, where it

is quite independent of the input signal optical power, at a given signal wavelength ;arjd pump
optical power level

NOTE This property can be described at a discrete wavelength or as a function of wavelengtht
[IEC 61281-1:1999, definition 3.83]
3.1.32

centroigal wavelength
the medn or average wavelength of an optical spectrum

NOTE Qther spectral wavelengths are centre wavelengths, half-powetr wavelengths, and peak wavelengths.

[IEC 61281-1:1999, definition 3.10]

[

3.1.33
micros¢opic gain tilt
slope due to ripples in sub-nanometre intervalls in the gain-versus-wavelength charactéristic in
the spegified wavelength range of optical_amplifiers (see Figure 1).

v Microscopic gain tilt

Yy

IEC 645/11

Figure 1 — Tilt and microscopic gain tilt of optical amplifiers

3.1.34

carrier-to-crosstalk ratio

CCR

level difference of CATV broadcast carrier level and worst case of other services single
frequency crosstalk signal measured at RF output port of optical receiver for CATV broadcast
service, as given by the following equation:

CCR = Dcatv —UotherService ©

where

Deaty is the nominal level of CATV broadcast signal in dB(uV) at RF output port of
optical CATV broadcast receiver;
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Uotherservice 1S the worst case level of another service’s single frequency crosstalk in
dB(nV) at RF output port of optical CATV broadcast receiver.

CCR is expressed in dB.

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.

E Optical transmitter 0 Optical receiver
based on based on
[IEC 60617-S00213 c [IEC 60617-S00213
O L=
(2001-07)] .‘ (2001-07)]
Optical amplifier
based on . )
& [IEC 60617-S00127 Optical fibre
[IEC 60617-S01318
(2001-07) and (2001-07)]
IEC 60617-S01239
(2001-07)]
Coupler
g Isolator R2e 60617-500058
[IEC 60617-S01175 —< [ - ‘
e (2001-07)] (2001-07) and
IEC 60617-S01188
(2001-07)]
Directional coupler
7 based on ' 3 Delay line
[IEC 60617-S00059 based on
N (2001-07) and [IEC 60617-S00608
IEC 60617-S01193 1 (2001-07)]
(2001-07)]
y.A
/ Polarisation control device ~ Low-pass filter
/ [IEC 60617-S001430 [IEC 60617-S01248
(under consideration)] N (2001-07, modified)]
.4
/\/ Bandpass filter /, Variable attenuator
/\/ [IEC 60617-S0%1249 A [IEC 60617-S01245
A\/ (2001-07)] (2001-07)]
Sine-wave generator
based on
G PQIgE generator G [IEC 60617-S00899,
[IEC 60617-S01228 (2001-07) and
JL (2001-07)] i IEC 60617-S01403
(2001-09)]
based on
G Bi [IEC 60617-S00059
it pattern generator
J-LI—LI- (2001-07) and
IEC 60617-S00913
(2001-07)]
Ammeter Power meter
based on based on
[IEC 60617-S00059 [IEC 60617-S00059
(2001-07) and (2001-07) and
IEC 60617-S00910 IEC 60617-S00910

(2001-07)]

(2001-07)]
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Oscilloscope

y.4
based on 4
[IEC 60617-S00059 AN
(2001-07) and %

IEC 60617-S00922
(2001-07)]

Electrical spectrum analyzer
based on

Selective voltmeter
based on

[IEC 60617-S00059
(2001-07) and

IEC 60617-S00081
(2001-07) and

IEC 60617-S00913
(2001-07) and

IEC 60617-S01249
(2001-07)]

Optical spectrum analyzer
based on

[IEC 60617-S00059
(2001-07) and

IEC 60617-S00910

(2001-07)]

RF choke
as [I[EC 60617-S00583

[IEC 60617-S00059
(2001-07) and
IEC 60617-S00910
Y —|—— 1
(2001-07)]
Capacitor
—"— [IEC 60617-S00567
(2001-07)]
Amplifier —_
>— [IEC 60617-S01239 —_—

(2001-07, modified)]

Ground
[IEC 60617-S01410 —@—
(2001-11)]

71T Cladding mode stripper
[IEC 60617-S01333

—\\— (2001-07)]

3.3 Abbreviations

The follpwing abbreviations are used in this standard:

(2001-07)]

Resistor
[IEC 60617-S00555
(2001-07)]

DC powersupply
[IEC(60617-S00206
(2001-07)]

Photodiode with fibre pigtail
[IEC 60617-S01327
(2001-07)]

Optical terminator
based on

[IEC 60617-S01389
(obsolete) and

IEC 60617-S01318
(2001-07)]

AC alternating current

AGC automatic gain caontrol

ALC automatic level control

ASE amplified spontaneous emission

CATV community antenna television (network)
C/N carrier-to-noise ratio

CCR carrier-to-crosstalk ratio

CSsO composite second order

CTB composite triple beat

CwW continuous wave

DC direct current
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EMC electromagnetic compatibility

FTTH fibre to the home

HFC hybrid fibre coaxial

IF intermediate frequency

MATV master antenna television (network)
MIB management information base

MTBF mean time between failure

NF noise figure

OA opticat-amptifier

ORL optical return loss

PMD polarization mode dispersion

PRBS pseudo random bit sequence

RF radio frequency

RIN relative intensity noise

Rx (optical) receiver

SBS stimulated Brillouin scattering
SMATV satellite master antenna television (netweork)
SNMP simple network management protocol
SSG small-signal gain

Tx (optical) transmitter

WDM wavelength division multiplexing

XM composite crossmodulation

4 Methods of measurement

4.1 Measurement requirements

411 General

For all methods ofymeasurements described in this clause the following requirements [shall be
considefed.

4.1.2 Input specification

The following conditions shall be obtained from the device specification:

e supply voltage(s);

e control signal(s), if any, with correct impedance, level and frequency.

4.1.3 Measurement conditions

Unless otherwise specified, all measurement shall be carried out under following conditions:

e the ambient or reference point temperature shall be 25 °C + 5 °C;
e the ambient humidity shall be in the range 40 % to 70 %;

e sufficient care shall be taken to ensure that optical reflection does not impair the accuracy
of the measurement;
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e during measurement any control input signal(s) shall be held constant.

e test fibres shall have clean and unscratched ends in order to prevent losses of power and

refle

ctions.

4.2 Optical power

For measuring the total average optical power emanating from the end of a test fibre, the
method described in IEC 61280-1-1 shall be used. The test fibre and the coupling means shall
be as specified by the manufacturer. The optical power shall be expressed in dB(mW).

43 L

oss, isolation, directivity and coupling ratio

4.3.1

The me
and thel

e Joss

e isold

NOTE M
for measy

4.3.2

The eq
wavelen

All optig
sure thg

4.3.3

For the

a) Con
the |

b) Con
Figd

General

efore no special methods of measurement are given for these items:

of fibres, connectors, and optical isolators;

tion of optical isolators.

ethods of measurement for the attenuation of fibre optic plants are déscribed in IEC 61280-4-2.
rement of the gain of optical amplifiers is described in IEC 61290-1:3.

Measurement requirements

Lipment under test shall be tested with al\light source suitable for the s
gth range.

al inputs or outputs not involved during the measurement shall be terminated
t no reflected light can impair the acguracy of the measurement.

Principle of measurement

measurement proceed as follows.

hect the light sourte 'to the power meter and measure the optical output pow
ight source (see 4.2).

re 2 and measure the power P,.

asurement of the following parameters is based on the measurement of optical power,

A method

pecified

o make

er P4 of

hect the devicerunder test to the light source and the optical power meter as ghown in

é ;) ?Terminator

Device [
—@— under —@— Terminator
O test |

Figure 2 — Measurement of optical loss, directivity and isolation

IEC 646/11
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c) The loss, directivity or isolation is calculated by

4.4

Py
a=10-lg——
P

Return loss

2011(E)

(7)

In general, the return loss is the ratio of the incident optical power P;, to the reflected optical
power Pp,.x, expressed in dB. Any measurement for return loss of optical equipment shall be
carried out as specified in IEC 61300-3-6. For optical fibre amplifiers, the term reflectance is
used which is the reciprocal of the return loss (see IEC 61291-1). Methods of measurement for
the reflectance of optical fibre amplifiers are specified in IEC 61290-5.

4.5

4.51

The purpose of this test method is to measure the mean optical output\power of a t
whose far end is connected to the optical output port of a saturatedooptical amplif
saturation output power shall be expressed in dB(mW).

4.5.2

The gaih G of the optical amplifier shall be measured as™a“function of the optical inpd
according to IEC 61290-1-3. Plot the gain versus opticalinput power resulting in a curv
in Figure 3. At low input levels the small-signal gain is:constant. At higher input levels
decreases. The saturation output power is reached‘when the gain lags N dB (if no oth
is statgd, N should be 3) behind the smallssignal gain and can be calculate

P

sat —

4.6

Sjaturation output power of an optical amplifier

Purpose

Procedure

Glsat* Py (in dB(mW)).

ot

NdB
Gat

Pin, sat Pin
IEC 647/11

Figure 3 — Optical saturation output power

bst fibre
er. The

t power
e shown
the gain
er value
td  from

Centroidal wavelength and spectral width under modulation

For measuring the centroidal wavelength A, of the spectrum and the spectral width A4 of a
transmitter under modulation, the method decribed in |IEC 61280-1-3 shall be used. The
centroidal wavelength and the spectral width shall be expressed in nanometres. That method is
not suitable for light sources and transmitters with very narrow spectral width (single mode
laser) or for measuring the chirping of transmitters (see 4.7).
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4.7 Linewidth and chirping of transmitters with single mode lasers

4.71

Purpose

The purpose of this test method is to measure the linewidth and the frequency modulation, or
chirping, of a transmitter with single mode laser. The linewidth shall be expressed in MHz. The

chirping

4.7.2

For this

shall be expressed in MHz/mA.

Equipment required

test method the following pieces of equipment are needed.

a) An RF sigmatgeneratorwhictrcanm be gated-omandoff withma50—% duty Tycles0]

tran
The
tran

smitter is operating unmodulated for a time, t, and then modulated for an identi
magnitude and the waveform of the generated signal shall be suitable
smitter to be tested. The signal frequency shall be lower than the/line

the fransmitter to be tested.

b) A fibre-optic Mach-Zehnder interferometer with a delay line producing a delay di

rbe

fween the 2 arms and with a polarization controller in one of the\arms.

c) An optical receiver with a 1 dB bandwidth higher than the expécted frequency dev

the

d) An
devi

e) Len

f) An
pert

pptical output signal of the transmitter to be tested.

plectrical spectrum analyzer with a bandwidth greatér than the expected fr
ption of the optical output signal of the transmitter.to/be tested.

jths of fibre for connecting the optical equipment.

bptical isolator, if not embodied in the transmitter, to prevent reflected lig
irbing the lineshape of the transmitter.

g) An RF voltmeter with the same input impedance as the optical transmitter to be me

4.7.3

The del
to five t
from th

General measurement requirements

by time ¢ (identical to the gating time 7 of the signal generator) shall be at leg
mes the coherence time\of the transmitter to make sure that the combining
b two arms of the interferometer are uncorrelated. For DFB lasers, a typic

is 7= 2( ps to 50 ps.

4.7.4

For the

a) Con

Procedure

measurement proceed as follows.

hect.the equipment as shown in Figure 4.

that the
cal time.
for the
vidth of

fference

ation of

bquency

ht from

asured.

st three
signals
Bl value
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G |~ G

v —I_I— Mach-Zehnder interferometer

@ RF voltmeter
N | 'L
1 [P
E e — e B Deta N /| 0 @
y £ -
o[ — [ —< | p IR Ve
Isolator Opfical (4 .\ “ (7 .\ Optical Electrical
(if not embodied ~ coupler 7/ Z/  coupler spectrum
in transmitter) analyzer
Polarization
control device IEC 648/11
Figure 4 — Measurement of the chirping and the linewidth ef'transmitters

b) For measuring the linewidth, turn off the pulse generator.

c) For measuring chirping, the sine wave generator shall be gated on and off as desgribed in
4.7.2. For adjusting the output level of the sine wave @enerator, switch it into coptinuous
mode. Connect the RF voltmeter at the output of thé sihe wave generator and chpose an
output level resulting in an optical modulation indéx of the transmitter in the range of
m =0,5 to 0,7. Note the reading U of the RF voltmeter. Reconnect the sine wave generator
to the optical transmitter and turn on the gating signal of the pulse generator.

d) Adjust the polarization controller to maximize the amplitude displayed by the spectrum
analyzer.

e) Locate the -3 dB roll-off of the electrical power starting at the lowest frequency of the
spec¢trum shown by the spectrum analyzer.

NOTE If the -3 dB roll-off exceeds (the range of the spectrum analyzer, a smaller optical modulafion index
may Ibe used. Care should be taken te*ensure stable operation of the laser.

f) If tHe signal generator ‘is turned off, the frequency reading at this point repres¢nts the
linewidth of the transmitter. If the inverse of this linewidth is not lower than the delay time r,
the measurement shall be repeated with a higher delay time.

g) With the signaltof the sine wave generator turned on, the spectrum is broadengd. The
change in freqiiency reading Af at the —3 dB point is the total chirping in MHz.

h) Thelchirping'is calculated from

Z
fo—2F % (8)
where

Je is the chirping;

A is the change in frequency reading (total chirping);

Z is the input impedance of the optical transmitter;

U is the output level of the signal generator.
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4.7.5

Such so

Potential sources of error

urces of error are the following:

e This linewidth measurement technique is strictly correct only for transmitters with a

Lore

ntzian lineshape.

e Asymmetric spectra will lead to wrong results.

e Additionally the following features of the equipment can impair the accuracy of the
measurement:

— the inaccuracy of the spectrum analyzer;

—ins

48 O
4.8.1
The purn

tCHoHTT

ptical modulation index
Purpose

pose of this test method is to measure the individual optical power modulatig

(modulgtion index per channel) of a transmitter under specified conditions. This methg

suitable
signal.

4.8.2

For this

for measuring the total modulation index of a transmitter modulated by a multi-

Equipment required

test method the following pieces of equipment afe needed.

a) A seglective voltmeter or spectrum analyzer with a defined input impedance.

n index
d is not
channel

r to be

he PIN-

s are to
gh input

Dltmeter

b) A PIN-photodiode with 1 dB-bandwidth \much larger than that of the transmitte
tested.

c) A DC power supply which provides a voltage less than the breakdown voltage of
diode.

d) A DC current meter.

e) An RF choke suitable for the“frequencies at which the tests are to be carried out.

f) A tefminating resistor (50 Q or 75 Q), suitable for the frequencies at which the tes
be garried out, for yuse‘when the selective voltmeter or spectrum analyzer has a hi
impedance.

g) A low-loss capacitor with an impedance much lower than that of the selective v
(spectrum analyzer) at the frequencies at which the tests are to be carried out.

h) A lepgthlof fibre for connecting the transmitter to the PIN-diode.

NOTE A L,a“'ulatcu' IUL;S;VSI miay IUU UDUUI ;Ilbtt:aul Uf tiIU PiN-u‘iuu‘v, tiIU RF bilUll\v, tiIU IUb;btUl (1IIL.JI “Il‘} G

the DC of the detector can be measured.

4.8.3

Procedure

For the measurement proceed as follows.

a) Set the supply voltage(s) and any control input signal(s) to the specified value(s).

b) Apply the specified input signal. Connect the equipment as shown in Figure 5.

apacitor if
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Selective voltmeter
(spectrum analyzer)

~ o N

Generator(s) PIN-diode

c) Tune the selective voltmeter (spectrum analyzer) to the frequency of the chapnel

the

d) Recprd the readings of the DC current meter and the selective,‘voltmeter (s
analyzer). The optical modulation index is calculated from:

where

4.8.4

The following features of the equipment can impair the accuracy of the measy
A methqd with higher accuracy isgiven in 4.17.

e Thelinaccuracy of the D€ _current meter.

e Thelinaccuracy of the selective voltmeter (spectrum analyzer).
e Thelfrequency response of the PIN-diode.

e Diffgrences bhétween the static responsivity and the dynamic responsivity of the PI
A correction'factor shall be used for calculating the modulation index in this case.

4.9
4.9.1

2
o e 1T o [ & =~
Q\

Only required when voltmetel

has high input impedance
IEC 649/11

Figure 5 — Measurement of the optical modulation index

ndividual optical modulation index is to be measured.

_2u
m——

RI

is the reading of the DC current meter;
is the reading of the selective voltmeter (specttum analyzer);

is the resistance of the resistor or the input,impedance of the selective voltmets
or spectrum analyzer.

Potential sources of error

ht which

pectrum

©)

—

rement.

N-diode.

Rieference output level of an optical receiver

Purpose

The purpose of this test method is to measure the reference output level of a receiver under
specified conditions. The reference output level shall be expressed in dB(nV).

4.9.2

Equipment required

For this test method the following pieces of equipment are needed.

a) A suitable RF generator.

b) A transmitter with known differential efficiency and optical output power compatible with
the range of optical input power of the receiver under test.
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c) A length of fibre for connecting the transmitter to the receiver.
d) A cladding mode stripper, if the fibre has no cladding mode stripping coating.
e) An RF voltmeter.

4.9.3 General measurement requirements

The following measurement requirements shall be met.

e Care shall be taken to ensure that all the optical output power is coupled to the receiver.

e The automatic gain control (AGC) (if any) for the receiver shall be disabled. The gain shall
be set to maximum.

494 Procedure

For the measurement proceed as follows.

a) Set the supply voltage(s) and any control input signal(s) to the specifiedvalue(s).
b) Conphect the equipment as shown in Figure 6.

el o
~ ol & |k

IEC 650/11

Figure 6 — Measurement of the referencé’ output level of an optical receivel

c) Adjust the amplitude of the generator to-obtain the optical modulation index requireq.
d) Measure the RF voltage at the frequencies of interest.

e) The|reference output level is calculated from:

x:U—ZPopt’RX—IOIQ% (10)
where
X is the referenee output level in dB(nV);
U is the elegetrical output level in dB(pV);

Popt,rx | I thewoptical input level in dB(mW);
m is the optical modulation index used for the measurement.

4.9.5 Potential sources of error
Such sources of error are the following:

e the inaccuracy of the voltmeter;

e the attenuation of the fibre and the optical connectors;
e the inaccuracy of the output level of the generator;

e the uncertainty of the characteristic of the transmitter;

e the saturation of the optical receiver when the AGC is disabled.
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Purpose

2011(E)

The purpose of this test method is to measure the slope and the flatness of optical transmitters
and receivers within a given frequency range under specified conditions. The slope and the

flatness

shall be expressed in dB.

NOTE The frequency range is usually lower than the 3 dB bandwidth. The 3 dB bandwidth is the difference of the
lower frequency and the higher frequency where the amplitude versus frequency response falls to —3 dB of the peak

pquency

analyzer
sed if all
ntain this

value.

4.10.2 _Equipment required

For this|test method the following pieces of equipment are needed.

a) A signal generator with a frequency range greater than the expected range-of the device to
be t¢sted.

b) An RF voltmeter for the amplitude versus frequency response.

c) If the device to be tested is a transmitter, an optical receiver with known fr
response (calibrated receiver) is needed. If the device to be tested is a receiver, an optical
trangmitter with known frequency response (calibrated transmitter) is needed.

d) A lenpgth of fibre for connecting the transmitter and the receiver.

NOTE A|network analyzer may be used instead of the signal genérator and the voltmeter. A spectrun

with tracKing generator may also be used. A swept generator With broadband diode detector may be

measurements are taken at the same detected signal level byxre*adjustment of the generator level to ma
condition.

4.10.3 | Procedure

For the measurement proceed as follows.

a) Set the supply voltage(s) andiany control input signal(s) to the specified value(s).

b) Conphect the equipment as-shown in Figure 7.

G E > 0 @
4
~ o N E
IEC 651/11
Figure7

c) Measure the signal output voltage at a sufficient nhumber of frequencies covering the
specified frequency range. The readings shall be corrected by the known frequency
response of the respective calibrated device. If the device to be tested is a receiver, the
optical input power used during the measurement shall be stated, because the results may

vary

with the input power.

d) If the device under test is supposed to have a slope, lay a straight line through the
measured points using the least square method. Determine the amplitudes 4, and 4, at the
intersections between this line and the frequency range limits £ and f,, (see Figure 8). The
difference 44 — 4, shall be stated as the slope of the device.
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e) If th

n

A1
4y /J)K

A Ju I "

IEC 652/11

Figure 8 — Evaluation of the slope

the amount of slope at the individual frequencies.

f) Note the peak value 4,,,, and the minimum value 4, of the resulting frequency r
with|n the frequency range (see Figure 9). The flatness is the difference of 4,;,,, ang

NOTE

4.10.4

Al @nd 4. may be the amplitudes at the limits of frequency range,

na
J

" /W\
A

min

h Ju Iad

IEC 653/11

Figure 9 — Evaluating the flatness

Potential sources of error

Such sdurces of error are the following:

e the ipaccuracy of the frequency and the amplitude of the test generator;

e device under test is supposed to have a slope, the amplitudes shall*be corrected by

psponse
A

min-

FaN

H £ 1+ 4
o the Imratturaty urT tuTrc vVOTUTITLTT,

e the inaccuracy of the calibrated receiver (transmitter);

e the inaccuracy of the measuring equipment mentioned in the note of 4.10.2.

4.11

4.11.1

Composite second order distortion (CSO) of optical transmitters

Purpose

The purpose of this test method is to measure the CSO of optical transmitters modulated by
multiple carriers. The definition of CSO is primarily valid for electrical amplifiers but also
applies to devices with an optical output. In this case, it is related to the electrical signals which
modulate the light. The CSO shall be expressed in dB.
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a) All equipment required for measuring CSO of electrical amplifiers (see IEC 60728-3).

b) An optical receiver with CSO at least 10 dB better than the CSO expected of the
transmitter to be tested. The CSO of optical receivers can be estimated from the results of
a receiver intermodulation measurement (see 4.14).

c) Ale

ngth of fibre for connecting the transmitter to the receiver.

d) If the optical output power of the transmitter is higher than the specified input power of the
receiver, an optical attenuator shall be used to reduce the power.

4.11.3

For the

a) Set
b) Con

c) The

Procedure

measurement proceed as follows.

he supply voltage(s) and any control input signal(s) to the specified value(s).

hect the equipment as shown in Figure 10.
ol
E N PR 0
A £
ol W & c
Optical attenuator:
(if needed)

e 654/11
Figure 10 — Device under test formeasuring CSO of optical transmitters

device under test shown in Kigure 10 provides an electrical input and an ¢

lectrical

output. Therefore, it can be treated as an electrical amplifier. The procedure for mjzasuring
CSQ (see IEC 60728-3) can.be’used for this arrangement. The result is the figu

shal

be given as the CSO of the optical transmitter.

d) To make sure that the distortion of the receiver can be neglected, a second meas

shal
opti

4.11.4

| be carried out(with a different attenuation between the optical transmitter
bal receiver. If the result changes, it indicates that the receiver distortion is too K

Potential‘sources of error

The figlire, measured is the CSO of the whole optical system. The influence of thg
receiver cafnsbe neglected only if its CSO is much better than that of the transmitter, b

e which

Lrement
and the
igh.

optical
ut there

is no dir

4 £ + 4lo FaYa¥al £ - 1 + L4 1 lo, FH P |
LU Wwday Ul TITcadoutriityg tuic o' U Ul all UptLal TCULTIVOT. T Lall UTiy DT TolUlITdlTu

rom the

results of an intermodulation measurement. This estimate is not very accurate, because
the laws of addition of the beats are frequency-dependent and not well-known.

4.12 Composite triple beats (CTB) of optical transmitters

4.12.1

Purpose

The purpose of this test method is to measure the CTB of optical transmitters modulated with
multiple carriers. The definition of CTB is primarily valid for electrical amplifiers but also applies
to devices with an optical output. In this case, it is related to the electrical signals which
modulate the light. The CTB shall be expressed in dB.
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4.12.2 Equipment required

For this test method the following pieces of equipment are needed.

a) All equipment required for measuring CTB of electrical amplifiers (see IEC 60728-3).

b) An optical receiver with CTB at least 15 dB better than the CTB expected for the
transmitter to be tested. The CTB of optical receivers can be estimated from the results of
a receiver intermodulation measurement (see 4.14).

c) A length of fibre for connecting the transmitter to the receiver.

d) If the optical output power of the transmitter is higher than the specified input power of the
receiver, an optical attenuator shall be used to reduce the power.

4.12.3 | Procedure

For the measurement proceed as follows.

a) Set the supply voltage(s) and any control input signal(s) to the specified value(s).
b) Conhect the equipment as shown in Figure 11.

ol
E 7\ £ O
A £
o W & e
Optical attenuator:
(if needed) IEG 65511

Figure 11 — Device under test for,measuring CTB of optical transmitters

c) The|test configuration shown in [Kigure 11 provides an electrical input and an glectrical
output; it can therefore be treated as an electrical amplifier. The procedure for mgasuring
CTH (see IEC 60728-3) can-be’used for this arrangement. The result is the figuje which
shall be given as the CTB of_the optical transmitter.

d) To make sure that the distortion of the receiver can be neglected, a second measprement
shall be carried out(with a different attenuation between the optical transmitter [and the
optigal receiver. If the result changes, it indicates that the receiver distortion is too high.

4.12.4 | Potential‘sources of error

The figlire, measured is the CTB of the whole optical system. The influence of thg optical
receiver cafybe neglected only if its CTB is much better than that of the transmitter, but|there is
no direct-wayof measuringthe €TBofanopticatreceiver—t—canmonty be—estimated—from the
results of an intermodulation measurement. This estimate is not very accurate, because the
laws of addition of the beats are frequency-dependent and not well-known.

4.13 Composite crossmodulation of optical transmitters
4.13.1 Purpose

The purpose of this test method is to measure the composite crossmodulation of optical
transmitters modulated with multiple carriers. The definition of composite crossmodulation is
primarily valid for electrical amplifiers but also applies to devices with an optical output. In this
case, it is related to the electrical signals which modulate the light. The crossmodulation shall
be expressed in dB.

NOTE The method described in IEC 60728-3 for active coaxial equipment is not applicable to optical equipment.
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a) Signal generators covering the appropriate vision carrier frequencies as listed in Annex C
of IEC 60728-3, all having the required modulation facilities, and linearity at the depth of

mod

NOTE

ulation to be used.

It is recommended that the modulation frequency approximate the line scan frequency of the TV signals

in order to include effects which may be caused by the low frequency circuits (e.g. decoupling) in the
equipment to be tested. The modulation frequency should not be a multiple of the power supply frequency. Any
symmetrical modulation waveform (excluding pulse modulation) may be used providing the same signal
generator is used for both calibration and measurement, and the modulation depth and waveform remain the

same

b) Am
sign

c) A cd
mat

d) A sf

odulating voltage generator of sufficient output to provide common modulatio
al generators in item a).

mbiner, matching device, attenuators, filters, etc. to obtain the correci/signa
ching and reduction of spurious signals.

e) A bandpass filter for each channel to be tested or a tuneable bahdpass filter. T

shal
that

attenuate the other channels present on the system to be(tested sufficiently tq
the products generated by non-linearity in the spettrum analyzer itself

confribute significantly to the crossmodulation products to’be measured. The pasg

this
be v
be G

f) And
g) Ale
h) If th

rece

4.13.3

For the

a) Set
b) Con

vell-matched over the complete frequency band.dfynecessary, a fixed attenua
onnected to the input of the filter.

ptical receiver with high linearity.

ngth of fibre for connecting the transmitter’to the receiver.
iver, an optical attenuator shall be’used to reduce the power.
Procedure

measurement proceed as.follows.

he supply voltage(s)and any control input signal(s) to the specified value(s).
hect the equipment as shown in Figure 12.

ectrum analyzer with 1 kHz IF bandwidth and 10 Hz video bandwidth capability.

n of the

| levels,

his filter
ensure
do not
band of

filter shall be flat at least to within 1 dB over the frequency range of interest, and shall

or shall

b optical output power of the transmitter is higher than the specified input powegr of the
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®

&

Spectrum|
i analyzer

IHC 656/11

Figure 12 — Arrangement for measuring composite crossmodulation
of optical transmitters

Conpect the output of the RF combiner to the input of the spectrum analyzer.
Selgct each signal generator in turn, set the modulation depth and adjust the outpuf to give
the |RF peak level needed to obtain the specified input level for the optical trapsmitter
to be tested.
Conpect the output of the optical receiverito the spectrum analyzer.
Adjyst the spectrum analyzer as follows:
IF bandwidth 1 kHz
Videjo bandwidth 10 Hz
Horizontal scale 5 KHz/div
Vert|cal scale 10* dB/div
Scan time 5 s/div
Tune the spectrunt 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 cqrrier.
i

Insefrtdhe“bandpass filter corresponding to the channel to be measured and adjust {
attenuator to correct for the attenuation of the filter

Sw;]\ch off<all other channels and switch on the modulation of the channel to be meaFured.
e input

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.

Adjust the sensitivity of the spectrum analyzer together with its internal and/or external
input attenuators in such a way that the responses to the first sidebands, approximately
15 kHz on either side of the vision carrier, correspond to a full scale reference. At the same
time, the noise level shall be at least 10 dB lower than the distortion level expected.

Switch off the modulation of the wanted carrier and switch on all the other carriers.
Switch on the modulation of every second one of the other carriers.

Measure the amplitude of the sidebands on either side of the wanted carrier caused by the
total composite crossmodulation transfer. The difference in dB between the full scale
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reference and the largest of the sidebands, corrected as in Table 2 of IEC 60728-3 to
obtain the ratio referred to 100 % modulation, shall be noted.

Repeat the previous step with the modulation of the previously modulated carriers turned
off and the modulation of the other half of the unwanted carriers turned on.

The composite total crossmodulation can be calculated from:

XMy XMy
XM =20Ig|10 20 +10 20 (11)

where

XM, is the first measured value, in dB;

XM, is the second measured value, in dB.

Repgat steps g) to o) of this procedure, each time selecting a different wanted-signal, until
all channels used in this test have been selected.

To make sure that the distortion of the receiver can be neglected, a se¢ond measprement
shall be carried out with a different attenuation between the optjcal transmitter [and the
optigal receiver. If the result changes, it indicates that the receiver(djstortion is too high.

The| worst case maximum output level giving the required\.signal to composjte total
crogsmodulation ratio shall be noted for publication.

The figire measured is the composite crossmodulation of the whole optical systgm. The
influence of the optical receiver can be neglected<enly if its crossmodulation is much better
than thdt of the transmitter, but there is no directiway of measuring the crossmodulatipn of an
optical neceiver. The only way to make sure that the receiver has no influence on the fesult is
to repedt the measurement several times with different optical levels at the receiver’s input.

4.14 Receiver intermodulation

4.14.1 | Purpose

This method is applicable, to, the measurement of the carrier to second and third-order
intermodlulation products and*triple beats produced in optical receivers with high lineafity. The
method| described is ,not) applicable to coherent receivers. The intermodulation sghall be

expressed in dB.

4.14.2 | Equipment required

For this|testimethod the following pieces of equipment are needed.

a)

Two signal generators for second and third-order intermodulation and three signal
generators for triple beats covering the frequencies at which the tests are to be carried out.

Two transmitters with similar optical output power but slightly different wavelengths. The
difference of the frequencies of the emitted light shall be greater than the bandwidth of the
receiver to be tested.

An optical coupler with similar loss in both paths.

Two variable optical attenuators with a range great enough to cover the range of the
optical input power of the receiver to be tested.

A variable electrical attenuator with a range greater than the signal-to-intermodulation
ratio expected.

A selective voltmeter covering the frequency range of the receiver to be tested.
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g) Lengths of fibre for connecting the transmitters to the coupler and the coupler to the
receiver.

4.14.3 General measurement requirements

The following measurement requirements shall be met.

a) Unless otherwise required, the reference levels used in the measurements shall be the
normal operating levels specified for the receiver. If the specified levels are not constant
over the frequency range then the levels of all the test signals shall be quoted in the results.

b) Where the receiver to be measured includes automatic level control (ALC) pilot signals of

the correct tyna franiiancy and laval chall ha maintainad thranahant tha tactc
pOHFeGttyp e HequehcyaharevVer—Sriar—o e e Houdgrodt— e teStS-

4.14.4 | Procedure

For the measurement proceed as follows.

a) Set the supply voltage(s) and any control input signal(s) to the speceified value(s).
b) Conhect the equipment as shown in Figure 13.

(for trigle beat
measyrement)

&L

el H - HA G

Selective voltmeter

G
~o
A o
Q& (if required)
¢ HARAHS
,\’ /\/ O IEC 657/11

Figure 13 — Arrangement of test equipment for measuring receiver intermodulation

c) Carry out measurements 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.

d) Carry out measurements over the full specified range of optical input power of the receiver.
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e) Adjust the optical attenuators to obtain the same optical level at the output of the optical
coupler for both transmitters.

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

g) Set the signal generators to the frequencies of the test signals and adjust their outputs to
obtain a modulation index of m = 0,4 per carrier for both transmitters. With three generators
for triple beat measurements a modulation index of m = 0,3 per carrier shall be used.

h) Connect the variable attenuator and selective voltmeter to the point of measurement. Tune
the meter to each test signal and note the attenuator value a4 required to obtain a
convenient meter reading R for the reference signal. The attenuator value a4 should be
slightty—greater—than—the—sigmat—to—ntermodutation—productratio—expected—at—thepoint of
measurement.

i) Tune the meter to the intermodulation product to be measured and reducerthe atjenuator
setting to the value a, required to obtain the same meter reading R.

i) When using three carriers, care shall be taken that the intermodulation products of the
transmitter with two carriers do not coincide with the intermoduylation products to be
megsured.

k) Whean measuring levels of intermodulation products, it may be-netessary to insert { filter at
the |nput to the meter (see Annex B of IEC 60728-3). In suech-instances the inserfion loss
(in dB) of the filter at the frequency of the products shall be added to the atienuator
valuge a,.

I) Thelsignal to intermodulation product ratio, in dB, is(given by

S/ = a1 a2 (12)
where

aq ig the attenuator value for the test signal used as a reference, in dB;

ap ig the attenuator value for the intermodulation product, in dB.

4.14.5 | Potential sources of error,

Such sdurces of error are the following:

4.15 Microscopic gain tilt of optical amplifiers

the inaccuracy of the(selective voltmeter;
the inaccuracy ofthefilter attenuation;
the inaccuracy.of the variable attenuator;

the ihaccuracy of the modulation index.

4.15.1 Purpose

The purpose of this method is to measure small changes in the gain-versus-wavelength curve
of optical amplifiers, called microscopic gain tilt. Microsocopic gain tilt is the main source of
distortion caused by optical amplifiers (see Annex B). It shall be expressed in dB/nm.

4.15.2 Equipment required

For this method of measurement the following pieces of equipment are needed.

a)

An optical light source generating a locked inversion signal with the same wavelength and
the same optical power as used for analogue transmission.
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An optical light source generating a probe signal with variable wavelength covering the
range close to the wavelength of the locked inversion signal. The output power of this
probe signal shall be at least 20 dB lower than the locked inversion signal.

An optical coupler used as a combiner for the locked inversion signal and the probe signal.

A variable optical attenuator with a range suitable to adjust the output power of the
optical coupler to the input power range of the device under test.

An optical spectrum analyser suitable for the output signal of the device under test and
able to show a wavelength range of several nanometres around the locked inversion signal.

4.15.3 Procedure

For the preasurementproceed-astollows

a)

oo T T TOoTOITO YWV U

Conpect the equipment as shown in Figure 14.

Directional
E !;]?/cked coupler ,’
ersion / p
/ O signal ‘A (A % P(?\,>
>< A
y.A ; Device Opticgl
Variable under spectqum

4
E/_@: A JProbe attenuator fest analyser
signal

10

Figure 14 — Arrangement of test equipment for measuring microscopic gain tilt

HC 658/11

Set the supply voltage(s) and any controkinput signal(s) to the specified value(s).

Selqct the wavelength of the locked, inversion signal to be the same as the optical signal
used for the transmission of frequency multiplexed RF carriers.

Set the optical power of thelocked inversion signal to achieve the specified input gower of
the pptical amplifier to be tested.

Adjyst the optical pawer of the probe signal to be at least 20 dB lower than thg locked
inversion signal but/at least 10 dB higher than the noise floor of the optical spectrum
ampllifier.

Sweep thewavelength of the probe signal by 3 nm above and below of the wavelgngth of
the locked inversion signal.

Determine-the power of the probe-signal 2 (A)-at-the-input of the optical amplifler to be

= L L I N, pibv o, o o
tested, the power of the amplified probe signal Py ,p(4) and the amplified spontaneous

emission (ASE) Ppsg, prp(4) at various wavelengths 4.

Derive the locked inversion gain Lig,;,(4) at various wavelengths 1 by

Pout,prb (i) - PASE,prb (1)

Ligain(4) = 10lg—4E2"—— 2
in,pr

(13)

Plot the result using the probe signal wavelength for the horizontal axis and the measured
Llg,in(4) of the probe signal for the vertical axis.

Derive an empirical formula using a second-order approximation of the plotted graph.
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k) The first order differentiation of the second-order approximated plot yields the microsocopic
gain tilt in dB/nm.

4.15.4 Potential sources of error

One potential source of such an error may be the inaccuracy of the optical spectrum analyser.
4.16 Noise parameters of optical transmitters and optical receivers

4.16.1 Purpose

The purpose of this test method is to measure the relative intensity noise (RIN) of optical

transmitters and the equivalent input noise current density (/;) of optical receivers. The relative
intensity noise shall be given in dB/Hz and the equivalent noise current density in pA/yHz.

In optical transmission systems both the transmitter and the receiver contributeto-the poise of
the system. Because of the different kind of signals, there is no direct way of, measyring the
noise contribution of the transmitter or the receiver independently. Therefore, the individual
figures have to be calculated from system measurements using a receiver with known noise
behaviopr for obtaining the transmitter noise, and vice versa.

In passing through an analogue transmission system the carrier<to-noise ratio of a given input
signal (YN, is deteriorated by internal noise sources N; (see Figure 15).

CINin CINgys Cllout
N

IEC 659/11
Figure 15 — System withiinternal noise sources
The magnitude of this noise can also be-gxpressed as a carrier-to-noise ratio C/Ngyg.| C/Ngysg
is equivalent to the carrier-to-noise ratio of the output signal with a noise-free inpuf signal.

It can be calculated from measured carrier-to-noise ratios at the input and the optput of
the system.

1
I Nout ———C/Nj
-10

1
-—C
€/ Ngys =—10ig/ 10 10 10 (14)

4.16.2 | Equipmentrequired

4.16.2.1 General

For thisltest methad the following pieces of equipment are needed

a) A spectrum analyzer with a known noise bandwidth less than that of the channel to be
measured.

b) A CW signal generator covering the frequencies at which the tests are to be carried out.
The amplitude of the generator shall be adjustable to obtain an optical modulation index of
m=0,2.

c) A variable attenuator with a range greater than the carrier-to-noise ratio expected.

d) An optical attenuator with a range great enough to accomplish the following tasks: testing
the transmitter, the optical attenuator is used to adjust the received optical power to the
specified range of the receiver. Testing the receiver, the optical attenuator is used to
measure the carrier-to-noise ratio as a function of the optical input power.
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e) A reference receiver (Figure 16) for testing an optical transmitter or a reference
transmitter for testing an optical receiver.

— =A

PIN-diode IEC 660/11

4.16.2.2

Using a
depends

It can b¢ easily converted to a carrier-to-noise ratio:

where

RIN
B

4.16.2.3

Since th
receiver
receiver
of a PIN

where

m

Figure 16 — PIN diode receiver

Reference transmitter

laser for the transmitter, the noise is caused by fluctuations of the light output
on the modulation frequency and can be described by the relative intensity noi

2
m

C/ Nty =10lg— - RIN
X 923

is the optical modulation index;
is the relative intensity noise in dB(Hz™");
is the bandwidth in Hz.

Reference receiver

e noise behavior of a PIN-diode receiver is well-known, it can be used as a rq
. One part of the receiver-nhoise is the photodiode shot noise. The other pa
noise is the available thermal noise of the following amplifier. The carrier-to-ng
-diode receiver can be calculated:

2522
C/ Nrx :10|g{%J

2B(2erPy +I7)

is the optical modulation index;

Py

ower. It
5e (RIN).

(15)

ference
t of the
ise ratio

(16)

is.the optical power incident on the photodiode in W;

r
B
e

I

r

is the responsivity of the photodiode in A/W;
is the bandwidth in Hz;
is 1,6 x 10-19 As (charge of an electron);

is the equivalent input noise current density of the amplifier in A/\Hz.

NOTE Additional items may be necessary, for example, to ensure correct calibration and operation of the test

equipmen

4.16.3

t (see IEC 60728-1).

General measurement requirements

The following measurement requirements shall be met.
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a) The test set-up shall be well-matched (electrically and optically) and the sensitivity of the
measuring equipment (see IEC 60728-1) shall be well-known over the frequency range of
the channel to be measured. The optical return loss shall be better than that allowed by the
specification of the transmitter.

b) Where the system to be measured includes automatic level control (ALC), pilot signals of
the correct type and frequency and level shall be maintained throughout the tests.

c) The

4.16.4

spectrum analyzer shall be calibrated and checked for satisfactory operation.

Procedure

For the measurement proceed as follows.

a) The
syst
syst
optig

b) Set
c) Con

F

method for measuring the carrier-to-noise ratio of analogue optical trans
ems is nearly the same as for cable networks (see IEC 60728-1). In this\c
em under test consists of an optical receiver connected to an optical transmitts
al attenuator (see Figure 17).

/

Electrical Eflectrical

input E ( ) A _@_ (@] output
0] E

G Pilot signal
generator

| (if required)

IEC 661/11

Figure 17 — Optical transmission system under test

he supply voltage(s) and any controlinput signal(s) to the specified value(s).
hect the equipment as shown in Figure 18.

G System / /
under A
~e test

\4

Measuring equipment

Selective voltmeter

O,

X

IEC 662/

igare’18 — Arrangement of test equipment for carrier-to-noise measuremer

mission
hse, the
r via an

1

t

d) Set the signal generator to the carrier frequency of the channel to be tested. The amplitude
of the signal generator shall be set to obtain a modulation index of m = 0,2. The result of
this measurement might be extrapolated to other modulation indices using Equation (17).

e) Connect the output of the system under test to the variable attenuator and the spectrum

anal

yzer.

f) Adjust the spectrum analyzer as follows:

resolution bandwidth (RSBW) (3 dB) 10 kHz
Video bandwidth 30 Hz
Horizontal scale 200 kHz/div

Vertical scale 10 dB/div
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Scan time
Set ’

41—

2 s/div

low noise’ measurement

(if this option is available)

The carrier-to-noise ratio of the system in dB is given by

where

Mdelta

Ca

C/ Nsys = Mmdelta = Cp + Cq — Cn

is the delta marker level;
is the analyzer correction factor;

(17)

Cp
C

n

The ban

where
(BW)rsH
(BW)svq

The ans
into acd
greater
of 1,2, t
to the lo

If the sp
can be 1

NOTE In
does not

When m
account]
C,, indic
when th
measur
impedar

IS The Danawldin correction ractor,

is the noise correction factor.

dwidth correction factor C,, for the system is given by

Cp = 10IG[(BW ) gspp /(B )sys ]

w is the resolution bandwidth (RSBW) of the spectrumanalyzer in MHz;

is the bandwidth of the channel (e.g. for analogue-television systems B and
it is assumed to be 4,75 MHz).

lyzer correction factor C, is typically 1,7 dB (it‘accounts for a —0,8 dB term th

than the resolution bandwidth RSBW (indicated on the spectrum analyser) by
ne correction of 1,05 dB due to the narrowband envelope detection and the 1,45
garithmic amplifier).

ectrum analyzer offers the option-to measure phase noise (marker noise), the
ead directly in dB(Hz~1). Thiswalue has still to be referred to the system bandw

C/NSYS = C/Nmeas - Cn

most cases, this measurement option of the spectrum analyzer includes the correction facto
have to be considered any further.

aking the nojse_level contribution of the measuring equipment, noise can be ta
reducing the\measured noise level by an amount given by the noise correctio
ated in Takle 1 that depends on the difference D between the noise level N, m

measuring equipment is connected to the system under test and the noise |
d when the input of the measurement equipment is terminated on its charg
Cé&/

(18)

G

at takes

ount that the equivalent noise bandwidth ofithe IF filter of the spectrum analyser is

a factor
dB due

/N ratio
dth.

(19)

Cy, so it

ken into
n factor
pasured
pvel N
cteristic

Firstly calculate the difference D:

D=Nm_Neq

(20)

Then read the noise correction factor C,, from Table 1. If the level difference D is lower than
4 dB the reliability of the measurements becomes very low due to the high value of the
correction factor C,,.

Table 1 — Noise correction factors C,, for different noise level differences D

D

in dB

4,0 5,0 6,0 7,0 8,0 9,0 1

0,0

o

n

in dB

2,20 1,65 1,26 0,97 0,75 0,58

0,46
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According to Equation (14), the carrier-to-noise ratios of the transmitter and the receiver can be
calculated from the measured carrier-to-noise ratio of the whole system:

g)

where

for the receiver
1 1
CINRx = —10Ig(1 0 10 &/ Nsvs — 10_10C/NTXJ

for the transmitter

1 1
CIN7x =-10 Ig(m‘mC/NSYS - 10‘10C/NRXJ

(21)

(22)

C/Ntx
C/Nrx

4.16.5

Transfo
its relati

where
m
C/Ntx
B

4.16.6

Transfo
equivals

is the measured C/N of the system;
is the C/N of the transmitter;
is the C/N of the receiver.

Relative intensity noise

'ming Equation (15), a measured transmitter’s carrier-to-noise ratio can be cony
ve intensity noise (RIN):

2
RIN =10lg2— — C LN
923 ™

is the optical modulation index;
is the transmitters carrier-to-noise ratio in dB;
is the bandwidth in Hz.

Equivalent input noise current density

'ming Equation (16), a measured receivers carrier-to-noise ratio can be convert
nt noise current density:

2p2 2
m Poi”
Il’ = W—ZerPo

2810 10

isihe/optical modulation index;

erted to

(23)

ed to its

(24)

4.16.7

Such so

istheopticat-powerincidentonthephotodiode A
is the responsivity of the photodiode in A/W;

is the bandwidth in Hz;

is 1,6 x 10~19 As (charge of an electron);

is the carrier-to-noise ratio of the receiver in dB.

Potential sources of error

urces of error are the following:

e the inaccuracy and the calibration of the selective voltmeter;

e the inaccuracy of the variable attenuator;
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e the method actually determines carrier (plus noise)-to-noise ratio; however, the difference
between this and the carrier-to-noise ratio is very small if the value exceeds 15 dB. The
method assumes that the random noise is evenly distributed within the channel.

4.17 Method for combined measurement of relative intensity noise (RIN), optical
modulation index and equivalent input noise current

4.17.1 Purpose
With this method the relative intensity noise and the optical modulation index of the transmitter

as well as the equivalent input noise current of the receiver can be calculated from the noise
measurement of the complete optical system.

The no|se of an optical system consisting of a transmitter and a PIN-diode Meceiver is
determined by the following noise sources:

e the felative intensity noise of the transmitter;

e the ghot noise of the PIN-diode of the receiver;

e the g¢ffective spectral input noise current of the optical receiver, which includes all receiver-
related noise sources excluding shot noise.

Knowing the appropriate quantities, the carrier-to-noise ratio\.for the whole system|can be
calculated from

1 2
C/N =20Igm —101g2B —10Ig| 107N + 2e +2’—r2 (25)
rPopt 7 Popy

where
RIN is the relative intensity noise in dB(Hz1);

m is the optical modulation index;

Popt is the optical power incident;on the photodiode in W;

r is the responsivity of the photodiode in A/W;

B is the bandwidth in_Hz;

e is 1,6 x 10-19 As\(charge of an electron);

I is the effective spectral noise current density in A/VHz.

With knpwn responsivity r, the values of RIN, m and I, can be extracted from a sufficiently large
set of measurements of C/N versus P, using methods of curve fitting.

4.17.2 Egquipmentreguired

For this test method the following pieces of equipment are needed.

a) A DC meter with a range suitable for the currents of the photodiode of the receiver.

b) A selective voltmeter with a known noise bandwidth less than that of the channel to be
measured.

c) A CW signal generator or a multi-carrier signal generator covering the frequencies at
which the tests are to be carried out. The amplitude of the generator(s) shall be adjustable
so that the sum of the individual modulation indices exceeds 0,2.

d) A variable attenuator with a range greater than the carrier-to-noise ratio expected.

e) An optical attenuator with a range great enough to adjust the received optical power to the
specified range of the receiver.
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An optical power meter with a range suitable for the expected power. The detector system
of the power meter shall have a sufficiently large area to collect all the radiation from the
fibre and a spectral sensitivity compatible with the transmitter. A minimum accuracy of
+10 % is recommended.

Two lengths of fibre for connecting the equipment.

4.17.3 General measurement conditions

For this measurement, a total optical modulation index of at least m = 0,2 shall be used to
avoid instability of the transmitter.

4.17.4 Proecedure

For the measurement proceed as follows.

a)
b)

Set the supply voltage(s) and any control input signal(s) to the specified yalue(s).
Conpect the equipment as shown in Figure 19.

Selectivg voltmeter

bl Nl Nl
G E () (N | O A
7 . A 7 . T = A
~ o N2 . ~
Signal
generator(f) : ] ]
G Pilot signal Measuring equipment
generator
N
IEC 663/11
Figure 19 — Measurement'set-up for determination of the noise parameters
and the optical modulation index
c) Adjust the optical atténuator to an output level suitable for the optical receiver.
d) Recprd the reading P, of the optical power meter in mW.
e) Aftef replacing/the optical power meter by the optical receiver, measure the currgnt 7; of
the photodiode.
f) Recpnnéctthe optical power meter and adjust the optical attenuator to a differenf optical
powpr £z in mW.
g) Replace the optical power meter by the optical receiver and measure the current 7, of the
photodiode.
h) The responsivity of the photodiode can be calculated by
Io—1
r=—2_-1 (26)
P2—Pq
i) Connect the variable attenuator and selective voltmeter (and other items if required — see
IEC 60728-1) to the output of the receiver.
i) As described in 4.16 a set of (5 to 15) C/N-measurements shall be carried out over the
range of the optical input power of the receiver.
k) The values for RIN, m and I, can be extracted from the measurements by methods of curve

fitting to Equation (25).


https://iecnorm.com/api/?name=aa0c7696dfb7ef9a9eb8c8d3a0b3798a

60728-6 © IEC:2011(E) —45 -

4.17.5

Potential sources of error

The following features of the test equipment can impair the accuracy of the measurement:

e thei
e thei
e thei

naccuracy and the calibration of the selective voltmeter;
naccuracy of the variable attenuator;

naccuracy of the power meter;

o the attenuation of the fibre and the optical connectors.

NOTE Statistical errors will be averaged depending on the number of measurements carried out.

4.18 r\lmse figure of optical amplifiers

For me
shall bd

suring the noise figure of optical amplifiers, the method described in IEC 61

measur¢d. For measuring the linewidth of the source (see 5.1 of IEC 61290-3-2) the m

4.7 of th

4.19

[
4.19.1

Fibres i
and oth

under ¢
method

4.19.2

For this

a) A lg
tran
IEC

b) All d

4.19.3

For the

a) Set

is standard can be used.

fluence of fibre

Purpose

nfluence the system performance of optical transmission systems through dis
er effects. This can result in a decrease of bandwidth and carrier-to-noise r

ertain circumstances leads to poor linearity of\the systems. The purpose of
is to measure the influence of fibre on the performance of optical transmission

Equipment required

test method the following pieces oftéquipment are needed.

ngth of test fibre corresponding in length and type to the specification
smitter. If no fibre type is . specified by the manufacturer, class B1.3 fibre accg
60793-2-50 shall be uséd,

quipment necessary:to-carry out measurements of C/N (see 4.16) and CSO (se

Procedure

measurement proceed as follows.

he supply voltage(s) and any control input signal(s) to the specified value(s).

290-3-2

used, because for modulated RF carrier systems, the total noise. figure must be

cthod of

Epersion
btio and
his test
systems.

of the
rding to

b 4.11)

ecft the fibre to the transmitter

b) Con

c) Repeat the measurements CSO (see 4.11) substituting the fibre at the output of the
transmitter by this test fibre.

4.19.4

Potential sources of error

The following features of the test equipment can impair the accuracy of the measurement (see
4.16 and 4.11).


https://iecnorm.com/api/?name=aa0c7696dfb7ef9a9eb8c8d3a0b3798a

—46 - 60728-6 © IEC:

4.20 SBS threshold

4.20.1

Purpose

2011(E)

Stimulated Brillouin scattering limits the maximum optical power which can be launched into
the fibre. The threshold at which the SBS effect starts to influence the carrier-to-noise ratio of
the optical transmission system depends on the spectrum of the transmitter and the fibre
properties. The purpose of this test method is to measure this threshold under specified
conditions. The SBS threshold shall be expressed in dB(mW). Guidelines to accommodate and
utilize non-linear effects in single mode fibre optic systems are published as IEC 61282-4.

4.20.2

For this

a) All gquipment necessary to carry out C/N measurements for optical transmitters (se

b) A lgnhgth of test fibre corresponding in length and type to the specification of th
mitter. If no fibre type is specified by the manufacturer, class BA.3/fibre acco

IEC
c) An

amplifier shall be higher than the expected SBS threshold plds the minimum atteny

the

d) An optical filter suited for the wavelength of the transmitter suppressing the AS
opti¢cal amplifier in order to prevent spontaneous-spofitaneous beat noise at the rec

e) A second variable optical attenuator able to attenuate the output power of the
ampllifier below P = 3 dB(mW).

Equipment required

test method the following pieces of equipment are needed.

60793-2-50 shall be used.
bptical amplifier suitable for the transmitter to be tested. ;The output powe

second variable attenuator and the attenuation of the optical filter (see below).

4.20.3 | Procedure

For the measurement proceed as follows:

a) Set the supply voltage(s) and.any control input signal(s) to the specified value(s).

b) Conhect the equipment as shown in Figure 20.
Transmitter Optical j» Test Optical Refe
(dut) amplifier A fibre P filter recei

L/
¢ E “{&Zn oY A Y A e e L ©
~ a1 7 N\ D~ D

5 4.16).

e trans-
rding to

of this
ation of

E of the
Biver.

optical

ence Spectrum
er analyzer

E_

Figure 20 — Arrangement for measuring the SBS threshold

c) Adjust the optical power launched into the fibre to below P; =3 dB(mW) using the left
variable attenuator. The other variable attenuator shall be adjusted to an output power level
suitable for the optical receiver. This level should be close to the upper limit of the input
power range of the receiver to obtain a high carrier-to-noise ratio.

d) Carry out a C/N measurement (see 4.16).

e) Increase the launched power P, in a suitable step (e.g. +1 dB) using the left attenuator.
Increase the attenuation of the right attenuator by the same amount of which the left
attenuation was reduced to make sure that the optical receiver gets the same optical input
power again.

f) Repeat steps d) and e) until the carrier-to-noise ratio measured dropped by more than
0,5 dB. The optical power launched into the fibre at this point is the SBS threshold.

IEC 664/11
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4.20.4 Potential sources of error
The following features of the test equipment can impair the accuracy of the measurement:

e see4.17.5;
e the inaccuracy of the variable attenuators;

e any instability of the optical amplifier.
4.21 Carrier-to-crosstalk ratio (CCR)

4.21.1 Purpose

This m¢gthod of measurement IS applicable When other Services (i.e. digital commuynication
signals Jike GPON, GEPON or Ethernet-Point-to-Point) besides CATV broadcast trangmission
(i.e. AMFVSB and 64/256QAM broadcast signals) are transmitted in the optical network. Other
servicey may produce crosstalk effects in optical receiver devices with high inearfity. The
method jof measurement for system CCR is laid down in 6.6 of IEC 60728-13,

Crosstalk effects may arise, when other services are transmitted by using wavelength|division
multipleking (WDM) on the same fibre, and when there is either insufficient optical wayelength
filtering [or relevant presence of non-linear fibre optical effects;,'or both. Insufficient optical
wavelength filtering may be due to low triplexer quality. Impertant non-linear fibrg optical
effects may be Stimulated Raman Scattering (SRS), Self-Phase Modulation (SPM) an[d Cross
Phase Modulation (XPM). Among these causes SRS induced crosstalk is typically dpminant,
when analogue CATV broadcasting is transmitted on 1,660 nm wavelength and digital service
signals pse the 1 490 nm wavelength due to the fixed wavelength spacing.

4.21.2 | Equipment required

For this|test method the following pieces of equipment are needed.

a) Runping System with implemented CATV broadcast service and other service(s).

b) A splective voltmeter (or spectrum analyser) covering the frequency range of CATV
brogdcast service.

4.21.3 | Procedure

For the measurement proceed as follows.

a) Set the supply,voltage(s) and any control input signal(s) to the specified value(s).

b) Conhegctithe equipment as shown in Figure 21.

Optical network unit

Other E
service— —4 A2 O Othgr
¢ H— service
signal 0 —L E signal
WDM @ WDM . Selective voltmeter
- 0]
carv _ |B 7L 0 j E || caty D T
signal o) signal

Measuring equipment

IEC 665/11

Figure 21 — Arrangement for measuring the CCR
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Carry out measurements with the service signals widely and closely spaced over each band
of interest.

Carry out measurements over the full specified range of both, optical power of CATV signal
and optical power of other service signal at optical fibre input by adjusting optical
attenuators A1 and A2.

Carry out measurements with various other services’ communication signal patterns. E.g.
measurement should be performed with and without digital idle signals (with and without
payload), because signal pattern characteristics will influence crosstalk intensity.

Connect the variable RF attenuator A and selective voltmeter to the RF output port of
optical receiver for CATV broadcast service. Tune the meter to each CATV carrier and note
the Ettenuator A value a4 required to obtain a convenient meter reading R for the rjference

signgl. The attenuator value a4 should be slightly greater than other services crosstalk CCR
expécted at the point of measurement.
Tune the meter to the other services crosstalk product to be measuredcand reducqg the RF
attenuator A setting to the value a5 required to obtain the same meterreading R.

NOTE It/may be necessary to temporarily switch off one CATV carrier occupying fréquency band of local interest
during mgasurement of other services crosstalk single frequency level in order to Obtain an accurate value|as.

h) Thelother services crosstalk, in dB, is given by
CCR=g1—ay (27)
where
aq is the RF attenuator A value when measuring the test signal used as |a
reference, in dB;
as is the RF attenuator A value when measuring the crosstalk product, in dB.

4.21.4 | Potential sources of error

The follpwing features of the test equipment can impair the accuracy of the measuremepnt:

5

5.1

the inaccuracy of the selective voltmeter;

the inaccuracy of the yariable attenuators.
Universal performance requirements and recommendations

Sjafety

The relevant safety requirements of all equipment shall conform to IEC 60728-11|, where
applicableGencerning-ltasersafety—optica-transmitters—and-optical-amplifiers—shatadditionally

fulfill the requirements of IEC 60825-1.

5.2

Electromagnetic compatibility (EMC)

The limits of radiation and susceptibility to interference for all equipment covered by this
standard are laid down in IEC 60728-2.

5.3

Environmental

5.3.1 Requirements

Manufacturers shall publish relevant environmental information on their products in accordance
with the requirements of the IEC 60068 series:
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Storage
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Storage

(simulated effects of)

Transportation

Air freight (combined cold and low pressure)

Road transport (shock test)

IEC 60068-2-48

IEC 60068-2-40

IEC 60068-2-27

5.3.4 Installation or maintenance
Rough Handling test [EC 60068-2-31
5.3.5 Operation
IP Clasg. Protection provided by enclosures IEC 60529
Climatig category of component or equipment Appendiy A of
for storgge and operation as defined in IEC 60068-1
Cold IEC 60068-2-1
Dry hea IEC 60068-2-2
Damp hgat IEC 60068-2-30
Change|of temperature (test Nb) IEC 60068-2-14
Vibratiop (sinusoidal) Annex B pf

IEC 60068-2-6
This wil| enable users to judge/the product’s suitability with regard to four main requirements:
storage/ transportation, installation and operation.
5.4 Marking
Each equipment shall*be legibly and durably marked with the manufacturer’s name gnd type
number
It is recommended that symbols in accordance with IEC 80416 and IEC 60417 are use¢d when
marking| ports. T
6 Active equipment

6.1 Optical forward path transmitters

6.1.1

Classification

Optical transmitters used in the forward path (from the headend to the subscriber) are
classified into 6 performance classes to take different applications into account. These classes
are numbered F1 to F6 (see Table 2).
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Table 2 — Classes of optical forward path transmitters

Class Application

F1 high performance TX (long haul, HFC, externally modulated laser)

F2 high performance TX (long haul, HFC, directlly modulated laser)

F3 medium performance TX (short haul, HFC, directly modulated laser)
F4 low performance TX (very short haul, narrow-cast)

S FH—muit-channel

F6 FTTH, re-transmission

6.1.2 Data publication requirement

Manufagturers shall at least publish information on the parameters as'specified in Tablg 3.

Table 3 — Data publication requirements for optical forward path transmitters

Rarameter Classes F1 and F2 Classes F3 and.F4 Class F5 Clasp F6

For example Fabry-Perot- or DFB lasér/diode, cooled or not cooled, directly pr

Type of light source externally modulated

Output pgwer in dB(mW)
and its tolerance
— without pptical amplifier >5 dB(mW) >3 dB(mW)
>5 dB(mW) >3 dB{mW)
— with optjcal amplifier >13 dB(mW) -
RF input level Maximum level attWhich the performance requirements according to 6.1.3 cajn be met
1 540 nm| to
1 560 nm
Wavelendth in nm - 1555 nm+5nm |or
1 560 nmf to
1 580 nm
according to according to
Fibre conpection Connector/splice type and type of fibre IEC 61754-4 IEC 61754-4
(SC type) (SC type

Power copsumption -

NOTE The output power values for classes F1 to F4 are recommended values. The values for classes Fp and F6
are requirements/(see 6.1.4).

6.1.3 Recommendations

The manufacturer shall at least publish information on parameters deviating from the
recommendations as specified in Table 4.


https://iecnorm.com/api/?name=aa0c7696dfb7ef9a9eb8c8d3a0b3798a
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