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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 6: Optical equipment

FOREWORD

2003(E)

omprising

all ndtional electrotechnical committees (IEC National Committees). The objectNof promote
international co-operation on all questions concerning standardization in the eleg fields. To
this ehd and in addition to other activities, IEC publishes International Stan@ards, ';Scations,
Technlical Reports, and Guides (hereafter referred to as “IEC Publication(s).). usted to
technical committees; any IEC National Committee interested in the subj te in this
prepafatory work. International, governmental and non-governmental organizati IEC also
participate in this preparation. IEC collaborates closely with the Inte ardization
(1SO) jn accordance with conditions determined by agreement betwe®s

2) The fdrmal decisions or agreements of IEC on technical matterg expre ernational
consepsus of opinion on the relevant subjects since eac from all
interested IEC National Committees.

3) IEC Publications have the form of recomm National
Comnjittees in that sense. While all reasphable effo nt of IEC
Publidations is accurate, IEC cannot be “Weld r for any
misinterpretation by any end user.

4) In order to promote international uniformi blications
transg ivergence
betwepn any IEC Publication dicated in
the lafter.

5) IEC pdrovides no marking p e for any
equipient declared to be

6) All usgrs should u

7) No liapility shal employees, servants or agents including individual eXperts and
memblers of its techinjca Qi ational Committees for any personal injury, property damage or
other [damage of ether direct or indirect, or for costs (including legal fees) and
expenges arisin se of, or reliance upon, this IEC Publication or any ¢ther IEC
Publigations.

8) Attent the\ Norrpative, references cited in this publication. Use of the referenced publications is
indisp tion of this publication.

9) Attent i the possibility that some of the elements of this IEC Publication may be the pubject of
paten{ ri held responsible for identifying any or all such patent rights.

Internat ard’IEC 60728-6 has been prepared by technical area 5: Cable networks for

televisignisignals, sound signals and interactive services, of IEC technical commitliee 100:

AUdIO, idUU dll\_.lI |||u=ti|||cdia bybtvlllb dIICII Uquiplllﬁllt.

This second edition cancels and replaces the first edition published in 2001 of which it

constitu

tes 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.

@%
;
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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

The scope of these standards extends from antennas_and sp ; imputs to
headend or other interface points, to networks as & whole z lets, or
terminal inputs where no system outlet exists.

The standardization of any user terfinals decoders, myltimedia

terminals, etc.) is excluded.

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

Part 6: Optical equipment

publicatjon requirements of optical equipment of cable networks for tel
signals and interactive services.

This standard
« applles to all optical transmitters, receivers, amplifiers
multjplexing devices, connectors and splices used in caile

* covgrs the frequency range 5 MHz to 3000 MHz;

NOTHE The upper limit of 3000 MHz is an example, but not(a styictyvalug
which the equipment is specified, shall be published.

* identifies guaranteed performance reguirem
* lays|down data publication requireme

* desdribes methods of measurement/for compli

All requfrements and published data_rela %
frequengy range and in ditio ;

televisidn signals, sound sigrals and-interact

2 Noi mativ

The foll

ding any amendments) applies.

isolators,

ges, over

pecified
orks for

e indispensable for the application of this document. For
ed applies. For undated references, the latest eflition of

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.
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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

IEC 61480-4-2, Fibre optic communication subsystem basic test proce 12: Fibre

optic caple plant — Single-mode fibre optic cable plant attenuation

IEC 61R82-4, Fibre optic communication system design gujde : ideline to
accomnjodate and utilize nonlinear effects in single-mode fibre &p

IEC 61290-1-3, Optical fibre amplifiers — Basic specificatio 3 for gain
parameters — Optical power meter

IEC 61490-3, Optical fibre amplifiers — Basic spgcKi Dr noise

figure parameters

IEC 61290-3-2, Optical fibre amplifiers — 3- 2% . ( heters —
Electrical spectrum analyzer

IEC 61290-5, Optical fib ods for

reflectapce parameter.
IEC 612
IEC 619
IEC 804
ITU G.6p

nmental
hditions;

EN 300 3
tests fol telecommunitations equipment; Part 1-3: Classification of environmental co
Stationgry 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]
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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]

313
optical amplifier
Optical \ avcyu;dc device uuntaillilly a au;tab:y punlpcd, active-medinmwhich-s—abtet ampllfy

an opticpal signal

[IEC 61931, definition 2.7.75]

314
(optical) isolator
two por{ non-reciprocal optical device intended to suppress.backw eflection, whil¢ having

minimurh insertion loss in the forward direction, based

NOTE 1 |An isolator is commonly used to prevent return reflectipns aloy

NOTE 2 |An isolator is generally polarization dep b ati s exist.

[IEC 61931, definition 2.6.30]

3.1.5
(optical (fibre)) splice

permanent, or semi perm
optical fjbres

een two

[IEV 731-05-05 modifi

[IEC 61931, def@ 2

3.1.6

fibre op al) (fibre) branching device;

(optical

optical f bthree or more optical ports, which shares optical powe[ among

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
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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 [Ho-the-epticat-nputieveHn-aB{mWWs
X is the reference output level in dB(uV)
3.1.10

optical modulation index
optical modulation index is defined as

2)
where ¢ ntensity
modulated optical signal. This term is ®ain
NOTE Thi as digital
baseband ctlon ratio defined in 2.6.79 and|2.7.46 of
IEC 6193 d in IEC 61280-2-2.

3.1.11

noise figure

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

amplifief (OFA),
[IEC 61291-1]

NOTE Tpe noise figure ofop uplifiersdepends on the optical input power and on the wavelength uded.
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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

value oi the radiant power at the input of an optical detector which produces akthe

signal-t¢-noise ratio equal to one, for a given wavelength, modulation fréque
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 feceived optical power;

B is the pandwidth.

The NEP ghall be expressed in

3.1.14
equivalpnt inpu
notional| input n

device, \would pro ] drrent density equal in value to that observe

output df the actua
NOTE It 3 9 arrier-to-noise ratio C/N (see 4.18) of a device or system using:
C
Ir= =/ —
Z1079 N
where
C is the power-of the ier at the input of the device or system;

butput a
uivalent

@)

piseless
d at the

(4)

7Z isitsi UL impndnnr‘ﬁ

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=— (3)

where

c

jthe speed of light in vacuum (¢ = 2,99792 x 108 m/s);
f

the optical frequency.

Althoug
wavelen

Qrtér than in vacuum, |only the

3.1.18
chirping
rapid change of the emisSiomwa A i y intensity-modulated optical squrce as

NOTE 1 |Chirping shaould

NOTE 2 |Due to thé & icdi ion,N\ysing & single-mode laser, chirping can cause either degrpdation or
improvemeent of the totgt'b, width.

[IEC 61931, definiti

3.1.19

orientat

[IEC 61

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]

NOTE 1 The coherence time is equal to coherence length divided by the phase velocity of light in a medium.
NOTE 2 |The coherence time is given approximately Aoz/(cﬂm) where A is the ceniral wavelengthiz\1 is the

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

[IEC 61931, definition 2.1.68]

3.1.23
well-cldaved
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 pheto plified by an active mgdium in
an opticpl amplifier

[IEC 61931, definition 2.7.87]

3.1.25

directiviity

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

[IEC 61931, definiti

3.1.26
central
the ave
to half

s at which the amplitude of a light source reaches or last falls
plitude

3.1.27
spectral width
measur

[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-

is the reflected power;

is the incident power.

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

[IEC 61931, definition 2.6.49]

S the preferred tgrm.

NOTE 2 rm optical
return los

NOTE 3 rs in this
case.

3.1.31

cladding mode
mode ir] which the el

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

[IEC 61

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

D31, defiriiti

3.1.32
slope
gain or
system

repce 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.

E Optical transmitter O Optical receiver
0 [S00213] : E [S00213]
1
¢ Optical amplifier Optigakfibre
[S00127, S01239]
—
Isolator _< 4
= [S01175] /\
/

elay line
00608]

Directional coupler
N [S00059, S01193]

Low-pass filter
[S01248]

Variable attenuator
[S01245]

=g
y.d
// y Polarisation control device
,;{ [S001430, proposed]

Sine-wave generator
[S00899, S01403]

Voltmeter
[S00059, S00913]

RPaowvwiar mmatay
~OWe—etes

[S00059, S00910]

[S00059, S00910]

G
JL
G
Juur
@
A
Oscilloscope /
[S00059, S00922]

Selective voltmeter
[S00059, S00081,
S00913, S01249]

Optical spectrum analyzer
[S00059, S00910]

Electrical spectrum analyzer
[S00059, S00910]

MBS
9@ DO
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RF choke

—|—— 1
_"_ Capacitor q)
[S00567]
—

60728-6 © IEC:2003(E)

Resistor
[S00555]

DC power supply
[S00206]

Amplifier | Photodiode with fibre pigtail
[S01239] [S01327]
Ground
[S01410]

3.3 Apbbreviations

The follpwing 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 antenna television (network)

MTBF mean\time between failure

NEP 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 suppty vuitagc(a),

« contfol signal(s), if any, with correct impedance, level and frequency.

4.1.2 Measurement conditions

Unless ptherwise specified, all measurement shall be carried itjons:

« the Imbient or reference point temperature shall be
« the

« sufficient care shall be taken to ensure that gptical r ccuracy

of tT measurement;
e during measurement any control inpu

+ test[fibres shall have clean and uns wer and

reflelctions.

4.2 Qptical power

4.21 Purpose

The purpose of@ ~

the end| of a test fif)

ng from
by the

manufa¢

4.2.2

a) An g r with a range suitable for the expected power. The detectof system
of th | have a sufficiently large area to collect all the radiation from the

test fi d-a spectral sensitivity compatible with the light source. A minimum accuracy of
% is_recommended.

b) A lepgth’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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4.2.4 Procedure

a) Set the supply voltage(s) and any control input signal(s) to the specified value(s).
b) Connect the equipment as shown in Figure 1.

Test fibre

G E M N @
~ o T v

Cladding

mode

stripper

IEC 2004/03

Figure 1 — Measurement of optical power

c) Conpect the optical output of the device under test to the detecto
the tEst fibre and the specified coupling means.
a

d) Me

through
ure and record the output power using the power mete

4.2.5 Potential sources of error

Such sqgurces of error are the following:

« the I
« the
4.3 L

The me
and the

| power,

e |oss

¢ jsold

NOTE M
for measy

A method

4.3.1

The edli dpecified

wavelen

All optidaldinputs o tputs not involved during the measurement shall be terminated fo make
sure that no reflected light can impair the accuracy of the measurement.

4.3.2 Principle of measurement
a) Connect the light source to the power meter and measure the optical output power P, of
the light source (see 4.2).

b) Connect the device under test to the light source and the optical power meter as shown in
Figure 2 and measure the power P,.
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c) The

—@—:l Terminator
E Device
—@— under @ I | Terminator
(@) test

(2
N
IEC 2005/03

Figure 2 — Measurement of optical loss, directivity and isolation

loss, directivity or isolation is calculated by

4.4 Return loss

4.41

In gene
power f
optical

reciprog
optical f

NOTE A

4.4.2

) Afu
) A cd

c) And
) Len
)

Two
me

4.4.3

- 10 g~
a — P2

Purpose

Q the reflecte

ral, the return loss is the ratio of the incidenf optical powe
j e the return lo

The len

jthl.of the fibre for connecting the light source to the coupler shall be longer

optical
s of an

is the

asmrément for the reflectance of

ntinuous@
ptical power ith ic range higher than the return loss to be meagured.

opti ina ith—réflection ideally 20 dB better than the return lods to be

han the

coheren

4.4.4

ce length ot the light source.

Procedure

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

b) Connect the equipment as shown in Figure 3.
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1 Terminator

Reference
=11 refiector

{1 Terminator

Device
under
test

Ole
N

Figure 3 — Measurement of the optical return loss

IEC 2006/03

c) Conpect the reference reflector with the known return loss to port A he coupler-and note
the feading P4 of the power meter.

d) Conpect the second terminator to port A of the coupler and readin P}of the
power meter.

e) Conpect the device under test to port A of the coupler and _ad f the power
mertTT he ot shall be
termlinated with low reflection.

f) The

(7)

4.4.5

Such sgurces of error are

¢ the feturn loss of the &g s of the
devite unde@

e if th¢ impeda ich less
than| the reflectig

e thei

¢ the inaccgra

* any [pola can be

4.5

aturation eutput power of an optical amplifier

4.51 Purpose

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

4.5.2 Procedure

The gain G of the optical amplifier shall be measured as a function of the optical input power
according to IEC 61290-1-3. Plot the gain versus optical input power resulting in a curve shown
in Figure 4. At low input levels the small-signal gain is constant. At higher input levels the gain
decreases. The saturation output power is reached when the gain lags N dB (if no other value
is stated, N should be 3) behind the small-signal gain and can be calculated from
Pgat = GgattPip (in dB(mW)).

sat
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sat |

IEC 2007/03
Figure 4 — Optical saturation output power

4.6 Polarization dependent loss

4.6.1 Purpose

The purnpose of this test method is to measure the effect of palarizati loss or
gain unfer specified conditions. The polarization depende » < as the
Iogaritha||nic ratio, in dB, of the maximum and minimum amplittde atghe o ice when
the polarization at the input changes over all states of iof

4.6.2 Equipment required

a) A light source with a wavelength swuitable e n of the
emanating light shall be constant.

b) A polarization control device ca any e polarization of the test sfignal by
360/°.

c) An optical power meter wi fC Tt of the
device under test. ly large
ared to collect all with the
lighf source. ini

d) Lengths of fib straight,
unsfressed an m.

e) Acl

4.6.3

a) Set

b) Con

y.4
E 7 |2 o | Deviee AP @
// // unaer T \ //
O N4 N4 L Cladding N4
Polarization mo_de
control device stripper
IEC 2008/03

Figure 5 — Measurement of the polarization dependent loss

c) Vary the polarization of the light fed to the device under test covering all states of
polarization (in not less than 1 s in the case of optical amplifiers). Record the minimum
(Pmin) @and the maximum power (P,,,) at the output.
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d) The polarization dependent loss PDL is derived as follows:

PDL = 101gXmax. (8)

Pmin

e) If the device under test is an optical amplifier the PDL usually becomes a negative number
Then the term polarization dependent gain (PDG) shall be used.

4.6.4 Potential sources of error

Such sources of error are:

+ the Iaccuracy Of tThe power meter and the polarization control device,

« the amplitude and wavelength instability of the light source.

4.7 Centroidal wavelength and spectral width under modujati
4.71 Purpose

The purnpose of this test method is to measure the centroi & ) ¢ of the spectrum
and the|spectral width AA of a transmitter under mod : > dgl wavelength{and the
spectrall width shall be expressed in nm. The method desc Atable for light|sources
and trapsmitters with very narrow spectral wi singlé aser) or for measufring the
chirping| of transmitters (see 4.8).

4.7.2 Equipment required
a) An optical spectrum 3

test
b) Ale
c) Ate

ge suitable for the transmitter to be

4.7.3

The tran
modulaffon i

| optical

4.7.4

a) Con

G E P /— \_| Optical
71 P(A spectrum
N\ o) N w analyzer

Generator(s)

IEC 2009/03
Figure 6 — Measurement of central wavelength and spectral width under modulation

b) Measure the power level of the highest power spectrum using the optical spectrum
analyzer.

c) Set the optical spectrum analyzer to a short wavelength and then adjust it to a progressively
longer wavelength. Record the wavelength A,, at which half of the maximum peak reading
is obtained or exceeded for the first time.

d) Set the optical spectrum analyzer to a long wavelength and then adjust it to a progressively
shorter wavelength. Record the wavelength A,, at which half of the maximum peak reading
is obtained or exceeded for the first time.
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e) The centroidal wavelength is calculated from
A1t A2
= 9
A0 5 9)
f) The spectral width is calculated from
M =h -4 (10)

4.7.5 Potential sources of error

Such sources of error are the following:

« the ihaccuracy of the optical spectrum analyzer;

« mode partition noise and instability of the transmitter. Instability ¢ n often
be reduced by reducing optical reflections towards the transmit dding
an gptical isolator at the output of the transmitter. The impact ise and
instgbility of the transmitter can be reduced by avergging gi hber of

4.8

4.8.1 Purpose

meagurements;

using connectors with angled front can lead to wrongwa
optigal spectrum analyzer is not a fibre;

if the inppt of the

any femperature instability of the device.

Linewidth and chirping of tran e lasers

The purpose of this test mé is § e limewidth and the frequency modulgtion, or

chirping, of a transmitter
chirping|shall be exprep

7 The finewidth shall be expressed in MHz. The

4.8.2

a) An RF signal s 3 ichA e gated on and off with a 50 % duty cycle so[that the
trang ing d for a time, T, and then modulated for an identi¢al time.
The d the waveform of the generated signal shall be suitable |for the
trangmi . Khe signal frequency shall be lower than the lineyidth of
the

A fi -Zehnder interferometer with a delay line producing a delay difference

An gptical receivér with a 1 dB bandwidth higher than the expected frequency devjation of
the pptical output signal of the transmitter to be tested.

An electrical spectrum analyzer with a bandwidth greater than the expected frequency
deviation of the optical output signal of the transmitter to be tested.

Lengths of fibre for connecting the optical equipment.

An optical isolator, if not embodied in the transmitter, to prevent reflected light from
perturbing the lineshape of the transmitter.

An RF voltmeter with the same input impedance as the optical transmitter to be measured.

4.8.3 General measurement requirements

The delay time 1 (identical to the gating time T of the signal generator) shall be at least three
to five times the coherence time of the transmitter to make sure that the combining signals
from the two arms of the interferometer are uncorrelated. For DFB lasers, a typical value
ist=20...50 ps.
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a) Connect the equipment as shown in Figure 7.

G [~ ©
N —I_I— Mach-Zehnder interferometer
@ RF voltmeter
/7D L WD\
| @
E m /f\ < Delay BN @
0 | - [\ZJ | A E
Isolator Optical (7 ) \/P/ectrical
(if not embodied coupler w Spectrum
in transmitter) analyzer
Polarization
control device
IEC 2010/03

b) For

c) For 18.2. For
adju . Replace
the optical
mod U of the
RF voltmeter. Reconngct

d) Adjust the polarizg pectrum
analyzer.

e) Locate the ﬁ% y of the
spegtrum sh y
NOTE nmge of the spectrum analyzer, a smaller optical modulafion index
may stable operation of the laser.

f) If th is turned off, the frequency reading at this point represé¢nts the
line . IPthe inverse of this linewidth is not lower than the delay time T,
the nt haN be repeated with a higher delay time.

g) Wit or turned on, the spectrum is broadened. The change in frequency
reading A dB point is the total chirping in MHz

h) Thelchirping is calculated from

Z
Jo=Af U (11)
where

Js is the chirping;

Of 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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4.8.5 Potential sources of error

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

Lorentzian lineshape.

¢ Asymmetric spectra will lead to wrong results.

« Additionally the following features of the equipment can impair the accuracy of the

measurement:
— the inaccuracy of the spectrum analyzer;
— instability of the transmitter.

4.9 (Jptical modulation index
491 Purpose

The punpose of this test method is to measure the individual ogti
(modulgtion index per channel) of a transmitter under specified
suitable|for measuring the total modulation index of a transyy
signal.

4.9.2 Equipment required

a) A sglective voltmeter or spectrum

b) A P]N-photodiode with 1 dB-band
tested.

diode.
d) A DC current meter.
e) An

f) A tefminatin

be qarried o ective voltmeter or spectrum analyzer has a hi
imp

g) Alog i édance much lower than that of the selective v
(sp€ | encies at which the tests are to be carried out.

h) Ale i : g the transmitter to the PIN-diode.

NOTE A i r may be used instead of the PIN-diode, the RF choke, the resistor and the ¢

the DC of

4.9.3 Procedure

nhich the tests are to be carried out.

able for the frequencies at which the tes

ibn index

d is not

i{channel

r to be

he PIN-

s are to
gh input

pltmeter

hpacitor if

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 8.
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Selective voltmeter
(spectrum analyzer)

I A
G E P - £ I ~ @
~ o & - R -
Generator(s) PIN-diode Only required when voltmetel
has high input impedance
IEC 2011/03
Figure 8 — Measurement of the optical modulation i

c) Tung¢ the selective voltmeter (spectrum analyzer) to the freque >t which

the individual optical modulation index is to be measured.
d) Record the readings of the DC meter and the selective volti er). The

opti¢al modulation index is calculated from:

(12)
where
1
U
R r
or spectrum analyzé

4.9.4 Potential so
The following «@, rement.
A methqd with highér ac
e The
e Theli
e The
« Diffe N-diode.

A co
4.10 Reference output level of an optical receiver

4.10.1 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(uV).

4.10.2 Equipment required

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.

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.
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4.10.3 General measurement requirements

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

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

4.10.4 Procedure

a) Set the supply voltage(s) and any control input signal(s) to the specified value(s).
b) Connect the equipment as shown in Figure 9.

G E V> @)
~Ns 0] N

c) Adjust the amplitude of the generator to obtain the optical
d) Mea
e) The

(13)

is the optical j

m is the optical

4.10.5

Such sd

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

4.11 Slope and flatness
4.11.1 Purpose

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 vs. frequency response falls to -3 dB of the peak
value.
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4.11.2 Equipment required

2003(E)

A signal generator with a frequency range greater than the expected range of the device to

be tested.
An RF voltmeter for the amplitude vs. frequency response.

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

transmitter with known frequency response (calibrated transmitter) is needed.
A length of fibre for connecting the transmitter and the receiver.

NOTE A network analyzer may be used instead of the signal generator and the voltmeter. A spectrum analyzer
with tracking generator may also be used. A swept generator with broadband diode detegter.may be used if all
measurements are taken at the same detected signal level by re-adjustment of the genergtor Iew

condition|

4.11.3 | Procedure

a)
b)

Set [he supply voltage(s) and any control input signal(s) to the specifi

Conpect the equipment as shown in Figure 10. \

el o
= )
IEC 2013/03

Figure 10 — Measurement of e and flatness

Meapure the signal output voltag mber of frequencies cove

spegified frequency rang corrected by the known fr
respponse of the respécti i . K thre device to be tested is a rece
optigal input power urement shall be stated, because the res
vary|with the input

If the dewc@ lay a straight line thro
meagured pol ing east qua e method. Determine the amplitudes A1 and 4

diffe]

ntain this

Fing the
Bquency
ver, the
ilts may

Lgh the
> at the
1). The

——

IEC 2014/03

Figure 11 — Evaluation of the slope

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

f)

the amount of slope at the individual frequencies.

Note the peak value 4,,,, and the minimum value A4,

within the frequency range (see Figure 12). The flatness is the difference of 4,

NOTE 4, and 4 ., may be the amplitudes at the limits of frequency range.

of the resulting frequency response
and 4

min-*
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A

Figure 12 — Evaluating the flatnes

4.11.4 | Potential sources of error

Such sqgurces of error are the following:

» the ipaccuracy of the frequency and the amplit

« the iphaccuracy of the voltmeter;

4.12 Clomposite second

4.12.1 | Purpose

The purpose of ated by

multiple| carriers. \Thé put also

applies o devices wH Is which

modulate the lig

4.12.2

a) Alle

b) An i receiver with CSO at least 10 dB better than the CSO expected of the
transmitter to

sted. The CSO of optical receivers can be estimated from the re¢sults of
a regeiver intermodulation measurement (see 4.15). T

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

a) Set the supply voltage(s) and any control input signal(s) to the specified value(s).
b) Connect the equipment as shown in Figure 13.
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”
E 7\ £\ O
o W A &/ .
Optical attenuator
(if needed)

IEC 2016/03
Figure 13 — Device under test for measuring CSO of optical transmitters

2003(E)

c) The device under test shown in Figure 13 provides an electrical input and an electrical
output. Therefore, it can be treated as an electrical amplifier. The procedure for measuring

CS
shal
d) Ton
shal
optic
4.12.4
rece|ver
results
the lawd

413 C
4.13.1

The pur|

multiple|carriers. The d i S s primarily valid for electrical amplifiers but alsg
to deviges with . i se, it is related to the electrical signal
modulate the light The 5 ssed in dB.

4.13.2

a) Allg

b) An
tran
are

c) Ale

(see IEC 00728-3) can be used for this arrangement. I'he resul
be given as the CSO of the optical transmitter.

nake sure that the distortion of the receiver can be neglecte

hgthof fibr r connecting the transmitter to the receiver.

is thﬁsﬂe which
d imeasjurement

énd the

igh.

optical
ut there
rom the
because

CTB of optical transmitters modulgted with

applies
s which

for the

d) If th

' ] F 4 £ 41 4 HYY H | +lo 4l H P~ I 4
o vuptltidal UULlpuUl pUwcTlT UT UTC trarioimimticTt 1o |||9||UI tridimT e opTuIicu nmiput pgpuw

receiver, an optical attenuator shall be used to reduce the power.

4.13.3

a) Set
b) Con

Procedure

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

nect the equipment as shown in Figure 14.

r of the
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”
E 7\ £\ O
o W A &/ .
Optical attenuator
(if needed)

IEC 2017/03
Figure 14 — Device under test for measuring CTB of optical transmitters

c) The test configuration shown in Figure 14 provides an electrical input and an electrical
output; it can therefore be treated as an electrical amplifier. The procedure for measuring

CTB| (see TEC 60728-3) can be used for this arrangement. The resulf is the_figuje which
shal| be given as the CTB of the optical transmitter.

dxyea I§rement
i nd the

d) To make sure that the distortion of the receiver can be neglecte
shal

optic igh.
4.13.4
The figlire measured is the CTB of the whole optjcal NS optical
receivet there is

no dired er. qnly be estimated from the
results e i use the
laws of

414 C
4.14.1

The pugpose of this {est m sure/the composite crossmodulation of optical
transmifters moduyla i i The definition of composite crossmodujation is
primarily valid f plifiers. but alsg” applies to devices with an optical outpui. In this
case, it|is related S which modulate the light. The crossmodulation shall

be expréssed in dB,

NOTE T ibed 3 for active coaxial equipment is not applicable to optical equjpment.

a) Signal ering the appropriate vision carrier frequencies as listed in Annex C
| having the required modulation facilities, and linearity at the gepth of

V signals
in order to include effects WhICh may be caused by the low frequency C|rcmts (e.g. decoupllng) 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) A modulating voltage generator of sufficient output to provide common modulation of the
signal generators in item a).

c) A combiner, matching device, attenuators, filters, etc. to obtain the correct signal levels,
matching and reduction of spurious signals.

d) A spectrum analyzer with 1 kHz IF bandwidth and 10 Hz video bandwidth capability.
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e) A bandpass filter for each channel to be tested or a tuneable bandpass filter. This filter
shall attenuate the other channels present on the system to be tested sufficiently to ensure
that the products generated by non-linearity in the spectrum analyzer itself do not contribute
significantly to the crossmodulation products to be measured. The passband of this filter
shall be flat at least to within 1 dB over the frequency range of interest, and shall be well-
matched over the complete frequency band. If necessary, a fixed attenuator shall be
connected to the input of the filter.

f) An optical receiver with high linearity.
g) A length of fibre for connecting the transmitter to the receiver.

h) 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.

4.14.3 | Procedure
a) Set the supply voltage(s) and any control input signal(s) to the specified\value(s
b) Conphect the equipment as shown in Figure 15.
Modglation
voltage Signal
gengrator generator Filters A
G G
- n //\\&// I N
T~ B | KN
.............. . ol
................ < N ~lalo
..-....--:-.-__' o 7 7 -
“Signal .
generatof\  Fliters
S HAES T
/\/ i Spectrum|
\O X i analyzer
Bandpass filter
IEC 24018/03
ig = angement for measuring composite crossmodulation
of optical transmitters
c) Conpecithe output of the RF combiner to the input of the spectrum analyzer.

d) Select each signal generator in turn, set the modulation depth and adjust the output to give
the RF peak level needed to obtain the specified input level for the optical transmitter
to be tested.

e) Connect the output of the optical receiver to the spectrum analyzer.
f) Adjust the spectrum analyzer as follows:

IF bandwidth 1 kHz
Video bandwidth 10 Hz
Horizontal scale 5 kHz/div
Vertical scale 10  dB/div

Scan time 5 s/div
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g) Tune the spectrum analyzer to the channel on which the measurement is to be made so as
to display the vision carrier and a frequency range of 25 kHz on either side of the carrier.

h) Switch off all other channels and switch on the modulation of the channel to be measured.

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

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

j) 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
k) Swit
) Swit

m) Mea
total
refe
obtal

n) Rep

o) The

whef

XM,
XM,

p) Rep
all c

, the noise level shall be at least 10 dB lower than the distortion level expected.

ch off the modulation of the wanted carrier and switch on all the other carxiers,
Ch on the modulation of every second one of the other carriers

q) Ton @ receiver can be neglected, a second meas
shal . ent” attenuation between the optical transmitter
optic y ult’shanges, it indicates that the receiver distortion is too h

r) The
cros

4.14.4

The fig
influenc

is the composite crossmodulation of the whole optical syste

;by the
Il scale

128-3 to

5 turned

(14)

Lrement
and the
igh.

te total

m. The
h better

e "of the optical receiver can be neglected only if its crossmodulation is mud

than that of the transmitter, but there is no direct way of measuring the crossmodulation of an
optical receiver. The only way to make sure that the receiver has no influence on the result is
to repeat the measurement several times with different optical levels at the receiver’s input.

4.15 Receiver intermodulation

4.15.1

Purpose

This method is applicable to the measurement of the carrier to second and third-order
intermodulation products and triple beats produced in optical receivers with high linearity. The
method described is not applicable to coherent receivers. The intermodulation shall be

express

ed in dB.
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4.15.2 Equipment required
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.

b) 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.

c) An optical coupler with similar loss in both paths.

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

e) A variable electrical attenuator with a range greater than the signgl-tecintermodulation
ratiq expected.

f) A seglective voltmeter covering the frequency range of the receiver<o be tested;

g) Lengths of fibre for connecting the transmitters to the couple thescouplep>to the

recdiver.

4.15.3 | General measurement requirements

a) Unlg be the
norn constant
ovel i in the
resy

b) Wh¢ gnals of
the

4.15.4

a) Set
b) Con
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Figure 16 — Arrangenien agui easuring receiver intermodulgdtion
Carny out measure band of

inteest at frequelncies “eay ok _producing significant products within the| overall
frequiency r

ceiver.

t at the
of the

tputs to
herators
iplebeat measurements a modulatlon index of m = 0,3 per carrier shall be used.

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

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

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

When measuring levels of intermodulation products, it may be necessary to insert a filter at
the input to the meter (see Appendix B of IEC 60728-3). In such instances the insertion loss
(in dB) of the filter at the frequency of the products shall be added to the attenuator
value a,.
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I) The signal to intermodulation product ratio, in dB, is given by

S/ = a1~ a2 (15)
where
ay is the attenuator value for the test signal used as a reference, in dB;
a, is the attenuator value for the intermodulation product, in dB.
4.15.5 Potential sources of error
Such sources of error are the following:
e the inaccuracy of the selective voltmeter;
« the inhaccuracy of the filter attenuation;
< the ihaccuracy of the variable attenuator;
« the inaccuracy of the modulation index.
4.16 (SO of optical amplifiers
Under cpnsideration.
4.17 CTB of optical amplifiers
Under cpnsideration.
4.18 dCarrier-to-noise ratiq
4.18.1 | Purpose
The purpose of this tes 6 e the carrier-to-noise ratio of optical tranjsmitters
and recegivers.
In passing throughnar sion system the carrier-to-noise ratio of a given input
signal (YN, is deteriorat oise sources N; (see Figure 17).

/Nin C/NSYS C/Nout
N,
IEC 2020/03
Figure 17 — System with internal noise sources

The magnitude of this noise can also be expressed as a carrier-to-noise ratio C/Ngyg. C/Ngyg
is equivalent to the carrier-to-noise ratio of the output signal with a noise-free input signal.
It can be calculated from measured carrier-to-noise ratios at the input and the output of
the system.

1 1
C/Ngys = —10Ig[1o‘1oc“\’in —10‘10C’Nout] (16)

In optical transmission systems both the transmitter and the receiver contribute to the noise of
the system. Because of the different kind of signals, there is no direct way of measuring the
carrier-to-noise ratio for the transmitter or the receiver independently. Therefore, the individual
figures have to be calculated from system measurements using a receiver with known noise
behaviour for obtaining the transmitter noise, and vice versa. The carrier-to-noise ratio shall be
given in dB at a system bandwidth of B = 4,75 MHz.
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4.18.2 Equipment required

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

megsure the carrier-to-noise Tatioas a functiomof theoptica mput powgT:
e) A reference receiver (Figure 18) for testing an optical tran ference

trangmitter for testing an optical receiver.

PIN-diode
ZC 2021/03
4.18.2.1 Reference trafs
Using allaser for the trangmjtte & Ngjse d by fluctuations of the light output Tower. It
depends on the mod - san be described by the relative intensity noise
(RIN). If can be i i io:
(17)

where
m
RIN
B
4.18.2.2

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

C/ Ngrx :IOIQ(%J (18)
2B(2erPy + 1)
where
m is the optical modulation index;
Py is the optical power incident on the photodiode in W;

r is the responsivity of the photodiode in A/W;
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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 of the amplifier in A/VHz.

NOTE Additional items may be necessary, for example, to ensure correct calibration and operation of the test
equipment (see IEC 60728-1).

4.18.3 General measurement requirements

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 thanthat allowed by the

spegification of the transmitter.
b) Wh¢ ignals of

the
c) The
4.18.4 | Procedure
a) The mission

syst . In this

casg¢, the system under test consists of optical

trangmitter via an optical attenuator,

Electrical Electrical
input output
IEC 2022/03
transmission system under test
b) Set \d any control input signal(s) to the specified value(s).
c) Con
A Spectrum analyz¢r
A
Measuring equipment
IEC 2023/03

Figure 20 — Arrangement of test equipment for carrier-to-noise measurement

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 19.

e) Connect the output of the system under test to the variable attenuator and the spectrum
analyzer.
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f) Adjust the spectrum analyzer as follows:

IF bandwidth (3 dB) 10 kHz
Video bandwidth 30 Hz
Horizontal scale 200 kHz/div
Vertical scale 10 dB/div
Scan time 2 s/div

Set ‘low noise’ measurement
(if this option is available)

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

C/ Nsys =mMdeita ~Cpb +Ca~Cn (19)
where
Mmyeita IS the delta marker level;
C, is the analyzer correction factor;
Cp is the bandwidth correction factor;

Cp is the noise correction factor.

The ban
(20)
where
(BW)E is the bandwid}
(BW)gyq is the band
1,05 dB

ier).

The analyzer corregtion
due to the narro S
If the sp
can be 1

on to measure phase noise (marker noise), the ¢/N ratio
alue has still to be referred to the system bandwidth.

C/ Nsys = C/ Nmeas = Cn (21)
NOTE In urement option of the spectrum analyzer includes the correction factof C,, so it
does not ny further.
When maki jgse level contribution of the measuring equipment, noise can be taken into
account| redacing the measured noise level by an amount given by the noise correctign factor

C, indicated in Table 1 that depends on the difference D between the measure noise level N,
measured when the measuring equipment is connected to the system under test and the noise
level Negq measured when the input of the measurement equipment is terminated on its
characteristic impedance.

Firstly calculate the difference D:

D =Nm = Neq (22)

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

D

in dB

4,0

50

6,0

7,0

8,0

9,0

10,0

Cn

in dB

2,20

1,65

1,26

0,97

0,75

0,58

0,46

According to equation 16, 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:

a) for the receiver
1 1
C/ Nrx = ﬂOlg(]o‘lOC/NSYS - 10‘10C/NTXJ (23)
b) for the transmitter
1 1
C/ N1x =-10 |g(10_10C/ Nsys —10710Y NRX) (24)
where
C/Ngyg | is the measured C/N of the system;
C/N1x | is the C/N of the transmitter;
C/Nrx | is the C/N of the receiver.
4.18.5 | Potential sources of error
Such sqgurces of error are the following

« the i[:accuracy and the calibrati
e thei i

¢ the method
between this

method assumes

4.19.1

With thi
as well ps/the equivalent input noise current of the receiver can be ca
measurgment of the complete optical system.

s noise)-to-noise ratio; however, the difference
noise\ratio is very small if the value exceeds 15 dB. The

ahsmitter
Iculated from t?Fe noise

The noise of an optical system consisting of a transmitter and a
determined by the following noise sources:

« the relative intensity noise of the transmitter;

* the shot noise of the PIN-diode of the receiver;

PIN-diode receiver is

« the effective spectral input noise current of the optical receiver, which includes all receiver-

related noise sources excluding shot noise.
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Knowing the appropriate quantities, the carrier-to-noise ratio for the whole system can be
calculated from

2e 12
+

1
C/N =20Igm —-10I1g2B —-10Ig 10_§R[N+ 53
rPopt r Popt

(25)

where

RIN is the relative intensity noise in dB(Hz™1);

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
set of measurements of C/N vs. P, using methods of

4.19.2 | Equipment required

a) A DC meter with a range suitable for the o § of the @t diode of the receiver.

b) A s¢lective voltmeter with a known\poise bandwj han that of the channel to be
medgsured.

c) A CW signal generator or a multi-ca sigral\ge&nherator covering the frequepcies at
whigh the tests are to/be sarried out\Thexa i of the generator(s) shall be adjustable
so that the sum of the i _ ation indic€s exceeds 0,2.

d) A variable attenuatorwi Y ) | an the carrier-to-noise ratio expected.

e) An gptical ‘@ » [ 8 great gnough to adjust the received optical powgr to the
spegified range 6 \

f) An gpti i suitable for the expected power. The detectof system
of th gufficiently large area to collect all the radiation {rom the
fibreg vity compatible with the transmitter. A minimum accyracy of
10

g) Two i connecting the equipment.

4.19.3

For thisLméasurement, a total optical modulation index of at least m = 0,2 shall be lused to

avoid instability of the transmitter.

4.19.4 Procedure

a)
b)

Set the supply voltage(s) and any control input signal(s) to the specified value(s).
Connect the equipment as shown in Figure 21.
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Selective voltmeter

/

G E N A | o ,\/@
- I A — — A A/
~ o| & N8 E ~

Signal i

generator(s) :
: Measuring equipment
G Pilot signal uring equip
generator

IEC 2024/03

c) Adju

d) Rec

e) Aftef replacing the optical power meter by the optical rece 288 /1 of the
photodiode.

f) Reconnect the optical power meter and adjust the dptical‘aitenta I optical
power Ps.

g) Replace the optical power meter > of the
photodiode.

h) The

(26)

i) Conpect the variable \ 3 i d — see
IEC p0728-1) 1q the - i

j) As (escribe bver the
range of the optig

k) The R pf curve
fittin

4.19.5

The foll int:

« the inatcuracy ard the calibration of the selective voltmeter;

« the inaccuracy of the variable attenuator,
e the inaccuracy of the power meter;

« the attenuation of the fibre and the optical connectors.

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

4.20 Noise figure of optical amplifiers

For measuring the noise figure of optical amplifiers, the method described in IEC 61290-3-2
shall be used, because for modulated RF carrier systems, the total noise figure must be
measured. For measuring the linewidth of the source (see 5.1 of IEC 61290-3-2) the method of
4.8 of this standard can be used.
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4.21 Influence of fibre

4.21.1

Purpose

Fibres influence the system performance of optical transmission systems through dispersion
and other effects. This can result in a decrease of bandwidth and carrier-to-noise ratio and
under certain circumstances leads to poor linearity of the systems. The purpose of this test
method is to measure the influence of fibre on the performance of optical transmission

systems.

4.21.2 Equipment required

a) A length of the
trangmitter. If no fibre type is specified by the manufacturer, standard shall be
used.

b) All gquipment necessary to carry out measurements of C/N (see4.18)s %4.12)

4.21.3 | Procedure

a) Set the supply voltage(s) and any control input signal(s

b) Conhect the fibre to the transmitter.

c) Repgat the measurements for C/N (see 4.18 fibre at
the putput of the transmitter by this test fibr

4.21.4 | Potential sources of error

The follpwing features of the test equipme N accuracy of the measuremgnt (see

4.18 and 4.12).

4.22 8BS threshold

4.22.1

Stimulat aximum optical power which can be launched into

the fibrg. SBS effect starts to influence the carrier-to-noisg ratio of

the opti gends on the spectrum of the transmitter and the fibre

properti s test method is to measure this threshold under gpecified

conditio holg_shall be expressed in dB(mW). Guidelines to accommodate and

utilize n single mode fibre optic systems is published as IEC 61282-4

4.22.2

a) All gquipment necessary to carry out C/N measurements for optical transmitters (sep 4.18).

b) A length of test fibre corresponding in length and type to the specification of the trans-
mitter. If no fibre type is specified by the manufacturer, standard G.652 fibre shall be used.

c) An optical amplifier suitable for the transmitter to be tested. The output power of this
amplifier shall be higher than the expected SBS threshold plus the minimum attenuation of
the second variable attenuator and the attenuation of the optical filter (see below).

d) An optical filter suited for the wavelength of the transmitter suppressing the ASE of the
optical amplifier in order to prevent spontaneous-spontaneous beat noise at the receiver.

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

a) Set the supply voltage(s) and any control input signal(s) to the specified value(s).
b) Connect the equipment as shown in Figure 22.

Transmitter Optical — > Test Optical Reference Spectrum
(dut) amplifier fibre filter receiver analyzer
y Vak ; 7
G E / ‘ 0
| 2 N B T BN VA ANAT |
~ o [ N "z DN~ D E

IEC 2025/03

c) Adjust the optical power launched into the fibre to below P, =3 ing [the left
varigble attenuator. The other variable attenuator shall be adjust r level
suitgble for the optical receiver. This level should be close to.ths up imi he input

power range of the receiver to obtain a high carrier-to-noise %atio.
d) Carry out a C/N measurement (see 4.18).

e) Increase the launched power P, in a suitable step enuator.
Incr} the left
atte al input
power again.

f) Rep re than

4.22.4

The follpwing features of j int:

e see}.18.5;

* the inaccura@

e any |nstability 3

, where

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

Manufacturers shall publish relevant environmental information on their products in accordance
with the requirements of IEC 60068-2:

5.3.1 Storage

Storage (simulated effects of) IEC 60068-2-48
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5.3.2 Transportation

Air freight (combined cold and low pressure) IEC 60068-2-40
Road transport (bump test) IEC 60068-2-29
Road transport (shock test) IEC 60068-2-27
5.3.3 Installation or maintenance

Topple or drop test

IEC 60068-2-31

Free fal| test

5.3.4 Operation

IP Clasg. Protection provided by enclosures C 80529

IEC\60048-2-32

Climatig category of component or equipment ppendiy A of

Damp h
Change
Vibratio
This wil
storage

5.4

Each ea
number

It is recpmmended
markingLperts.

for storgge and operation as defined in IEC 60048-1
Cold IEC 60068-2-1
Dry hea & IEC 60068-2-2

IEC 60048-2-30
IEC 60098-2-14

Appendi{ B of
IEC 60068-2-6

t's suitability with regard to four main requijements:

hall be Yegibly and durably marked with the manufacturer’'s name gnd type

brat symbols in accordance with IEC 80416 and IEC 60417 are USTd when

6 Active equipment

6.1 Optical downlink transmitters

Optical downlink 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 AD to FD.

6.1.1 Data publication requirement

Manufacturers shall at least publish information on the following parameters. Given figures are
recommended values.
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Table 2 — Data publication requirements for optical downlink transmitters

2003(E)

Parameter Classes AD to DD Classes ED and FD
Type of light source For example Fabry-Perot- or DFB laser diode, cooled or not cooled
Output power in dB(mW) and its tolerance
— without optical amplifier >3 dB(mW) >5 dB(mW)
— with optical amplifier - >13 dB(mW)
RF input level Maximum level at which the performance requirements according to
6.1.3 can be met
Fibre connection Connector/splice type and type of fibre
Power cofsumption = 7
6.1.2 Recommendations
The mahufacturer shall at least publish information on parame fram the fpllowing

recommlendations.

Table 3 — Recommendations for optiféraFWn\ ers
N

Parameter f\\ / Clas%es AD to FD

Frequenc

range N\ /\\ > U ‘\)47 to 862 MHz

RF input |

evel to obtain a modulation index of m\\OO\S\ \ \ / 87 dB(uV)

Supply vg

Itage ne of the following: DC 48 V /120 V|
65V /230V

or

Alarms af

nce

Mechanic|

(N
d indicators Q ptical output level failure and divergq
(\ N from nominal temperature range
N
bl dimensions \_j For operation in buildings:
“ 19" rack mountable

6.1.3

Optical
the follog

4

Y%

ents

cording to this standard shall fulfil the requirements o
¥ in Table 4.

f one of
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Table 4 — Requirements for optical downlink transmitters

Parameter Class AD Class BD Class CD Class DD Class ED Class FD
C/N
— without optical amplifier >55 dB >55 dB >53 dB >51 dB >60 dB >59 dB
— with optical amplifier - - - - >57,5 dB >56,5 dB
CsoO >63 dB >60 dB >60 dB >60 dB >63 dB >65 dB
CTB >68 dB >65 dB >65 dB >65 dB >63 dB >65 dB

Influence of fibre:

C/N degradation - - - - <2,5dB

CSO degrladation - - - - A dB
SBS threghold - - - - @ @( W)

At a fibre[length of - - - -

65\km
Wavelendth 1310 nm % 10 nm 55 nrq_ £ %nm
or | G.6924grid

Electricall|input port Impedarce:
Connector: IEC 60169= ale ECK60469-
Return loss: according {6 category efined Iy IEC'60728-3

Optical odtput port Any high return Ioés cqfn@ector\(\\etu%b\s;g 50 dB)

Flness O Z XN

tolerated [discrete
reflection$ only)

. : N N\
Minimum Joptical return loss dB 55 dB
of the sysftem to be

Test poin{ output for It shall be specified which WS needed at this test point to achieje
checking fhe actual a“nodulasion index of m = 20%
modulation index

»Ndi

Indicatorg lagex “on” indicator \oe.ti_ng/when light is emitted
Laser operating™aut bf range (current and/or temperature)

Alarms \/ utput weﬁ@
/\<\NO empefatyrefange (for cooled lasers only)

Mean op€rating time Under consideration
between failure B

NOTE 1 ers. The
modulatiq Cification
should be

NOTE 2 |C/N may<be calcylated from the RIN by equation 17 in 4.18.2.1.

6.2 ptical uplink transmitters

Optical uplink transmitters used in the return path (from the subscriber to the headend) are
classified according to Figure 23. These classes are numbered AR to GR.
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