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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CABLED DISTRIBUTION SYSTEMS FOR TELEVISION
AND SOUND SIGNALS -

Part 6: Optical equipment

FOREWORD
eTTTationa ECtTote TatrCo TOTT) TS e WoTtdwide oTgarization o ATdardizatio
ional electrotechnical committees (IEC National Committees). The object of the | is"™td

htional co-operation on all questions concerning standardization in the electpicaNang~electiqnic

2001(E)

omprising
promote
fields. To

this epd and in addition to other activities, the IEC publishes International andards\ Their-preparation is
entrudted to technical committees; any IEC National Committee interested<in ‘the\ subject“dealt yith may
participate in this preparatory work. International, governmental and non e organizatiofis liaising
with the |IEC also participate in this preparation. The IEC collaborates clogé ternational Organization
for Sfandardization (ISO) in accordance with conditions determined ieement Noetwieen the two
organfzations.

2) The fprmal decisions or agreements of the IEC on technical € RKE rly as possible, an
interngtional consensus of opinion on the relevant subjects sjrice eatk_teshnie mittee has reprgsentation
from gll interested National Committees.

3) The dpcuments produced have the form of recommend i nd are published i the form
of stgndards, technical specifications, tec 2 are accepted by thg National
Comniittees in that sense.

4) In order to promote international unificatio { i{tees yndertake to apply IEC International
Standprds transparently to the maximum i national and regional standards. Any
diverglence between the IEC Standard and the correspondj hational or regional standard shall be clearly
indicafed in the latter

5) The IEC provides no markipg proceddare apprval and cannot be rendered responsible for any
equipent declared to be in .

6) Attentjon is drawn to thg b ents of this International Standard may be the subject
of patgnt rights. The IEQ he held responsile for identifying any or all such patent rights

Internatfonal Standg been prepared by subcommittee 100D:| Cabled

distribufion syste ommittee 100: Audio, video and multimedia syst¢ms and

equipment.

The tex{ of this sta

FDIS Report on voting
100/169/FDIS 100/198/RVD
Full infdrmation on the voting for the approval of this standard can be found in the réport on

voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

The committee has decided that the contents of this publication will remain unchanged until
2002. At this date, the publication will be

¢ reconfirmed;

¢ withdrawn;

* replaced by a revised edition; or

¢ amended.

A bilingual version of this standard may be issued at a later date.
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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 such as

— CATNV-NetworKs,
—  MATV-networks and SMATV-networks,
— indididual receiving networks,

and all kinds of equipment, systems and installations installed i

The scope of these standards extends from antennas & YeRi i Tputs to
headend or other interface points, to networks as a~whgle § lets, or
terminal inputs where no system outlet exists.

The standardization of any user tepmjnals Itimedia

terminals, etc.) is excluded.

&



https://iecnorm.com/api/?name=bd4f9dc14dbedf14780d17c113e1f3af

~-6- 60728-6 O IEC:2001(E)

CABLED DISTRIBUTION SYSTEMS FOR TELEVISION
AND SOUND SIGNALS -

Part 6: Optical equipment

1 Scope
This part of IEC 60728 lays down the measuring methods, performance requitements and data
publicatjon requirements of optical equipment of cable networks for teleyision ‘signalg, sound
signals pnd interactive services.
This standard
- appl ouplers,
isols
— COVe
NOTH ges, over
whicH
— iden
- lays
— desc
All requ pecified
frequen orks for
televisia
2 Normative e
The foll nis text,
constitu dments
to, or revision e publications do not apply. However, parties to agr¢ements
based dn thi are encouraged to investigate the possibility of applying the
most re normative documents indicated below. For undated referenices, the
latest edl ormative document referred to applies. Members of IEC and ISO [aintain

IEC 600682 (all parts), Environmental testing — Part 2: Tests

IEC 60416, General principles for the formulation of graphical symbols

IEC 60417-1, Graphical symbols for use on equipment — Part 1: Overview and application
IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC 60617 (all parts), Graphical symbols for diagrams

IEC 60728-1:1986, Cabled distribution systems — Part 1: Systems primarily intended for sound
and television signals operating between 30 MHz and 1 GHz
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IEC 60728-2, Cabled distribution systems for television and sound signals — Part 2:
Electromagnetic compatibility of equipment 1)

IEC 60728-3: 1997, Cabled distribution systems for television and sound signals — Part 3:
Active coaxial wideband distribution equipment

IEC 60728-5, Cabled distribution systems for television and sound signals — Part 5: Headend
equipment 1)

IEC 60825-1, Safety of laser products — Part 1: Equipment classification, requirements and
user's guide 1)

3 Terms, definitions, symbols and abbreviations

3.1 Tefms and definitions

For the purposes of this part of IEC 60728, the following definitio

3.1.1
optical fransmitter

device for converting electrical signals into opti
exampl¢, laser) and its associated co
input anld optical output connectors

rce (for
coaxial

3.1.2
optical feceiver

device for converting opji tor (for

exampld een the
optical i

3.1.3

optical

device I‘E ociated
compon

3.1.4
optical
device Wt

3.1.5
optical fibce splice
permanermtjoimtoftwo fibreends

3.1.6

splitter

device in which the signal power at the (input) port is divided equally or unequally between two
or more (output) ports

NOTE Some forms of this device may be used in the reverse direction for combining signal energy.

3.1.7

directional coupler

splitter in which the attenuation between any two output ports exceeds the sum of the
attenuations between the input port and each of those output ports

1) To be published
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3.1.8

multiplexer

device in which the signal energy covering a frequency band at one input port is divided
between two or more output ports each of which covers a part of that frequency band

NOTE 1 For example, a diplexer is a two-port multiplexer.

NOTE 2 Some forms of this device may be used in the reverse direction for combining.

3.1.9

extinction ratio

ratio of the high-level ¢, optical power to the low-level ¢ optical power of a modulated optical
transmitter:

(4N
= — 1
e P ( )

This term is mainly used for digital systems

3.1.10
optical modulation index
the opti¢al modulation index is defined as:

(2)
where ¢, is the highest and ¢ is the ntensity
modulated optical signal. This term is main
3.1.11
noise figure/factor
figures Ef merit describ , e factor

the input to the carrier-to-noise ratio at thp output

afrier is noise-free:

_Ci/N1

NF is thie ratio of the ¢
of an adtive dev'

(3)

C2/ N2
where
C, isth
C, isth
N is th
(ide isé for electrical devices; quantum noise for optical devices);

N, is the_noise power at the output

In other words, the noise factor is the ratio of noise power at the output of an active device to
the noise power at the same point if the device had been ideal and added no noise:

N2 actual
NF = 22 *)
N 2 ideal

The noise factor is dimensionless and is often expressed as noise figure Fin dB:

F = 10 Ig NF (5)


https://iecnorm.com/api/?name=bd4f9dc14dbedf14780d17c113e1f3af

60728-6 O IEC:2001(E) —9-

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

NOTE The value for the RIN can be calculated from the results of a carrier-to-noise measurement for the system
(see 4.19).

3.1.13

noise equivalent power (NEP)

notional optical power which, when applied to the input of a noiseless optical receiver, would
give rise to an electrical output noise power density equal to that observed at the output of an

Al el A
actual recetverunderconsideration

NOTE The NEP can be calculated from the carrier-to-noise ratio C/N (see 4.19) of ar

1
mP -—CIN
NEP = —=10 20 (6)
\J2B
In this egpation, mis the optical modulation index, P is the received optica The NEP
shall be expressed in units of W/VHz.
3.1.14
equivalpnt input noise current density
notionall input noise current density which, w piseless
device, would produce an output noi ' d at the
output g
NOTE It
(7)

In this eqpation, Cis the a eNnputof the device or system and Z is its input inppedance.

The equivalent input nfise Q ssed in units of A/VHz.
3.1.15
bit erro
number . of a system divided by the total number of receiyed bits.
This term is uged iR i smission systems
3.1.16
responsi
ratio of ent’of a photodiode to the incident optical power
/ . -
rg = - (static responsivity) (8)
dl . .
rq = P (dynamic responsivity) (9)

For practical purposes, static and dynamic responsivities can be assumed to be equal.

3.1.17
voltage responsivity of an optical receiver
ratio of the change of output voltage to the change of the incident optical power

_du

=P (10)

rv
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3.1.18
chromatic dispersion
minus the change of group travel time per unit length of fibre per change of wavelength

NOTE The velocity at which an optical pulse travels on a fibre depends on its wavelength.

3.1.19
wavelength
the wavelength A of light in vacuum is given by

-c
A= (11)

where

c is2,p9793 x 108 m/s (speed of light in vacuum);

f is the optical frequency.

Although the wavelength in dielectric material such as fibres i
the wavglength of light in a vacuum is used

3.1.20
chirp
incidentpl frequency modulation caused by the inte

NOTE Chirping effectively broadens the lase the fibre,
parts of the spectrum travel at different speeds\resulti

3.1.21

polarization

projection of the electric ign of the

polarized light wave

3.1.22
linewidih Q
spectral bandwidth”g

optical
amplitud

e’>of a laser, defined as the difference betwegn those
plitude reaches or first falls to half of the maximum

3.1.23
coheref ence length
coherence™ti 3 which light needs to travel the coherence length; coherence length

is the rgci of 2ri\times the linewidth. Both values are used to describe the phase|stability
of a lightt source

3.1.24
well-cleaved
well-cleaved end of a fibre has a clean plane front perpendicular to the axis of the fibre

3.1.25

amplified spontaneous emission (ASE)

part of an optical amplifier's output power caused by photons emitted from excited ions whose
lifetime was over before their energy was used for amplification

3.1.26

directivity

attenuation between the output port and interface port minus the attenuation between input and
interface port, of any equipment or system


https://iecnorm.com/api/?name=bd4f9dc14dbedf14780d17c113e1f3af

60728-6 O IEC:2001(E) 11—

3.1.27

central wavelength

average of those wavelengths at which the amplitude of a light source reaches or last falls to
half of the maximum amplitude

3.1.28

spectral width

difference of those wavelengths at which the amplitude of a light source reaches or last falls to
half of the maximum amplitude

3.2 Symbols

The follpwing graphical symbols are used in the figures of this standar TheWaols are

either ligted in IEC 60617 or based on symbols defined in IEC 60617.

Optical transmitter [10-14-01]

Optical receiver [10-14-01

BNJAN

AT o

oupler [02-01-01, 10-09-04]

Directional coupler [02-01-01, 10-09-09]

N
9

Delay line [10-16-23]

Polarization control device

=Lk
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et Low-pass filter [10-16-5]
~o
% Bandpass filter [10-16-6]
y.A
ye
A Variable attenuator [10-16-02]

Ol [O] e {ee][-

@ \

D

Pulse generator [10-13-04]

Sine-wave generator [10-13-0

o0
M
A

®

X
S,

Oscilloscope [02-01-01, 08-02-10]

Selective voltmeter [02-01-02, 02-03-01, 08-01-01, 10-16-06]
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Spectrum analyser [02-01-01, 08-01-01]

LYYY RF choke [04-03-01]

| Ground [02-15-04]

e I Resistor [04-01-01]

Capacitor [04-02-01]

DC power supply [02-16-03]

>_ Amplifier [10-15-01]
35 |
—

Photodiode wi

3.3 Abbreviatiz@

The follpwing abbre standard:

AC

AGC

ALC

ASE

BER

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

CSsO composite second order

CTB composite triple beat

Cw continuous wave

dB decibel

DC direct current

EMC electromagnetic compatibility

IF intermediate frequency

MATV master antenna television (network)

MTBF mean time between failure
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NEP noise equivalent power

NF noise figure

PS polarization stability

PRBS pseudo random bit sequence

RF radio frequency

RIN relative intensity noise

SMATV satellite master antenna television (network)
XM composite cross-modulation

4 Methods of measurement

4.1 Geperal measurement requirements

For all methods of measurements described in this section, f i shall be
considefed.
4.1.1 Input specification

The follpwing conditions shall be obtaiqed Tkork
— supply voltage(s);
— contyol signal(s), if any, with correct im
4.1.2 M

Unless ent shall be carried out under the fpllowing

conditio
— the I 9 : ature shall be (25 £ 5) °C;
— the range 40 % to 70 %;

— suffigi e | W, to ensure that optical reflection does not impair the gccuracy

The purpose of this test method is to measure the average optical power emanating from the
end of a test fibre. The test fibre and the coupling means shall be as specified by the manu-
facturer. The optical power shall be expressed in dBm.

4.2.2 Equipment required

4.2.2.1 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 test fibre and a spectral sensitivity compatible with the light source. A minimum accuracy of
+10 % is recommended.

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

4.2.2.4 Test signal generator(s).

4.2.3 General measurement requirements

4.2.3.1 A digital transmitter shall be modulated with a pseudo random bit sequence (PRBS)
having a sequence length of at least 215 — 1, with the specified pulse repetition frequency and
pulse width at the specified extinction ratio. Analogue transmitters shall be modulated with at
least one modulation carrier at the specified optical modulation index.

4.2.3.2 Cladding modes shall be stripped from the fibre by means of suitable cladding mode

stripping techniques.

4.2.4 Procedure
4.2.4.1 |Set the supply voltage(s) and any control input signal(s)tothe\specified value(s).

4.2.4.2 |Connect the equipment as shown in figure 1. \

4.2.4.3
through

4.2.4.4

425 P

4251
low.

4.2.5.2

4.3 Lo

IEC 2640/2000

meter)

ficiently

5/ s0lation; directivity and coupling ratio

The measurement of the following parameters is based on the measurement of optical power,
and therefore no special methods of measurement are given for these items:

loss of fibres, connectors, multiplexers, and optical isolators;
gain of optical amplifiers;

directivity of optical couplers;

isolation of optical isolators, multiplexers and optical couplers.
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4.3.1 General measurement requirements

4.3.1.1 Optical couplers, multiplexers and isolators shall be tested with a light source suitable
for the specified wavelength range.

4.3.1.2 All optical inputs or outputs not involved during the measurement shall be terminated
to make sure that no reflected light can impair the accuracy of the measurement.

4.3.2 Principle of measurement

4.3.2.1 Connect the light source to the power meter and measure the optical output power P,
of the light source (see 4.2).

4.3.2.2 |Connect the device under test to the light source and the optical power meter as
shown ip figure 2 and measure the power P,.

Device
' under
fe) test

IEC 2641/2000

Figure ‘ 0Ss, directivity and isolation

4.3.2.3

(12)

Reflectipn of-the mitted light occurs at the boundary of two different dielectric meflia. The
return Igss’is-the reftéctance which is the ratio of the incident optical power P, to the feflected
optical power P._.,. expressed in dB. The purpose of this test is to measure the return loss of
an optical equipment.

4.4.2 Equipment required
4.4.2.1 A fused fibre coupler with a directivity higher than the return loss to be measured.
4.4.2.2 A continuous light source.

4.4.2.3 An optical power meter with a dynamic range higher than the return loss to be
measured.

4.4.2.4 Lengths of fibre for connecting the optical equipment.

4.4.2.5 Two optical terminators with reflection ideally 20 dB better than the return loss to be
measured.
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4.4.2.6 A well-cleaved end of a fibre, which provides 14,5 dB return loss.
4.4.3 General measurement requirements

The length of the fibre for connecting the light source to the coupler shall be longer than the
coherence length of the light source.

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

4.4.4.2 Connect the equipment as shown in figure 3.

>< @—D Terminator

end
Terminptor
Device
under
test
IEC 264p/2000
4.4.4.3 |Connect WE ibre'en 14,5 dB return loss to port A of the coupler and
note thg reading 3

4.4.4.4 t0 port A of the coupler and note the reading A, of the

r test to port A of the coupler and note the reading A5 of the
r test has more than one optical port, the other ports [shall be

ar= 145+101g P — P2

P3 — P2

(dB) (13)

4.4.5 Potential sources of error

4.4.5.1 The return loss of the connection at port A shall be at least as high as the return loss
of the device under test. Otherwise, the dynamic range of the measurement will suffer.

4.4.5.2 If the impedance matching of the terminators produces a reflection which is not much
less than the reflection of the device under test, the accuracy will suffer.

4.4.5.3 The instability of the light source.

4.4.5.4 The inaccuracy of the power meter.
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4.5 Saturation of output power of an optical amplifier

4.5.1 Purpose

2001(E)

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
saturated optical output power shall be expressed in dBm.

4.5.2 Equipment required

4.5.2.1 A light source of suitable wavelength and output power for driving the optical

amplifier.

4.5.2.2 |A calibrated variable optical attenuator for adjusting the optigal po j to the
optical amplifier.

4.5.2.3 |Three lengths of fibre for connecting the equipment.

4.5.2.4 |An optical power meter with a range suitable for detector
system of the power meter shall have a sufficiently large & he radiatjon from
the fibr¢ and a spectral sensitivity compatible with theH um accpracy of
+10 % i$ recommended.

4.5.2.5 |A cladding mode stripper if the fibre ha

4.5.2.6 |An optical isolator and conne i when the optical amplifier to

be testeld does not incorporate one.

4.5.3 QJeneral measurement require

Claddin

techniq

4.5.4 P

45.4.1

4.5.4.2

4.5.4.3

throughf

4.5.4.4

attenuafor in_suitable
the power meter.

ent%

efibre by\nreans of suitable cladding mode

U

teps. During this procedure, measure and record the output pow

5tripping

meter)

b optical
er using

X

Cladding

& e Ere e 0

mode stripper
Optical isolator

(if not embodied

in optical amplifier)

IEC 2643/2000

Figure 4 — Measurement of the saturation of the optical output power
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4.5.4.5 A typical result of this measurement is shown in figure 5. At low input levels the output
power increases linearly. At higher input levels the gain decreases. The saturated output power

is reach

ed when the output power lags 3 dB behind the extrapolated linear value.

Pout ? /{
3dB
Psat —

455 P
455.1
4.5.5.2
4.5.5.3

4.5.5.4

4.6 Inf
4.6.1 P

The pur

gain un
ratio, infdB, of th

polariz

4.6.2 H

4.6.2.1

the emgnatingdight skallge constant.

4.6.2.2

—>
Pin

IEC 2644/2000

Figure 5 — Saturated optical output pd

otential sources of error

urpose

pose of
er specified g

Acpolarizatidn control device capable of changing the polarization of the te

loss or
arithmic
hen the

ization of

5t signal

by 360°

4.6.2.3 An optical power meter with a range suitable for the expected power at the output of
the device under test. 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 light

source.

A minimum accuracy of £10 % is recommended.

4.6.2.4 Lengths of fibre for connecting the optical devices. These shall be short enough,
straight, unstressed and not birefringent to ensure that the polarization is not changed by them.

4.6.2.5

A cladding mode stripper if the fibre has no cladding mode stripping coating.

4.6.3 Procedure

4.6.3.1 Set the supply voltage(s) and any control input signal(s) to the specified value(s).
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4.6.3.2 Connect the equipment as shown in figure 6.

/

Device
under
o test

Polarization
control device IEC 2645/2000

Cladding
mode stripper

Figure 6 — Measurement of the polarization stability

4.6.3.3 |Vary the polarization of the light fed to the device under te
1 s in the case of optical amplifiers). Record the minimum (P,;
(Pmax) gt the output.

603(indnot tg¢ss than
Ximug power

4.6.3.4 |The polarization stability PS is derived as follows:

PS =10 Ig 27 (14)
P
4.6.4 Pptential sources of error
4.6.4.1
4.6.4.2 |The amplitude and x
4.7 Ceptral waveleng
4.7.1 Purpose
The purpose of @ S 3 um and
the spefctral width A under modulation. The central wavelength fand the

spectrall width shé c . The method described is not suitable for light|sources
and trar pectral width (single-mode laser) or for measuring the chirp
of trans X

4.7.2 E

4.7.2.1 ica gctrum analyser with a wavelength range suitable for the transpitter to
be testeld.

4.7.2.2 A length of fibre for connecting the transmitter to the optical spectrum analyser.
4.7.2.3 Atest signal generator for modulating the transmitter.

4.7.3 General measurement requirements

A digital transmitter shall be modulated with a pseudo random bit sequence (PRBS) having a
sequence length of at least 215 — 1, with the specified pulse repetition frequency and pulse

width at the specified extinction ratio. Analogue transmitters shall be modulated with at least
one modulation carrier at the specified optical modulation index.
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4.7.4 Procedure

4.7.4.1 Connect the equipment as shown in figure 7.

G E Optical
' spectrum
i analyser

Generator(s)

IEC 2646/2000

F

4.7.4.2 pectrum
analysef.
4.7.4.3 |Set the optical spectrum analyser to a short wavelg 3 } it to a
progressively longer wavelength. Record the wavelength i aximum
peak reqding is obtained or exceeded for the first time.
4.7.4.4 it to a
progres aximum
peak re
4.7.4.5

(15)
4.7.4.6 |The spectral

(16)
4.7.5 P
4.7.5.1
4.7.5.2 (Modexpafiili ided by
averaging a“sui 1
4.7.5.3 |Using connegtors with angled front can lead to wrong wavelength readings if the input
of the optical spectrum analyser is not a fibre.

4.7.5.4 Any temperature instability of the device.

4.8 Linewidth and chirp of transmitters with single-mode lasers
4.8.1 Purpose
The purpose of this test method is to measure the linewidth and the frequency modulation, or

chirp, of a transmitter with single-mode laser. The linewidth shall be expressed in MHz. The
chirp shall be expressed in MHz/mA.
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4.8.2 Equipment required

4.8.2.1 An RF signal generator which can be gated on and off with a 50 % duty cycle so that
the transmitter is operating unmodulated for a time, 1, and then modulated for an identical time.
The magnitude and the waveform of the generated signal shall be suitable for the transmitter to
be tested. The signal frequency shall be lower than the linewidth of the transmitter to be tested.

4.8.2.2 A fibre-optic Mach-Zehnder interferometer with a delay line producing a delay

difference 1 between the 2 arms and with a polarization controller in one of the arms.

4.8.2.3 An optical receiver with a 1 dB bandwidth higher than the expected frequency

deviation of the optical output signal of the transmitter to be tested.

4.8.2.4 |An electrical spectrum analyser with a bandwidth greate
frequengy deviation of the optical output signal of the transmitter to be

4.8.2.5 |Lengths of fibre for connecting the optical equipment.

4.8.2.6 |An optical isolator, if not embodied in the transmitter\to pre
perturbipg the lineshape of the transmitter.

4.8.2.7 |An RF voltmeter with the same input impg
measured.

4.8.3 (Jeneral measurement require

xpected

ight from

r to be

The delay time 1 (identical to the gating tiix 6 ignal genérator) shall be at least|three to
five timgs the coherence time of the tr to ' Wake\sure that the combining signpls from

the two jarms of the interferometer are nco

4.8.4 Procedure

4.8.4.1 |Connect

ee
G LN G

~e 4‘&
ach-Zehnder interferometer

A
/ N\
=1 voirmeter L

Optical T Optical
coupler

>_

coupler er

e e <L 7,

@

(if not embodied
in transmitter)

/Polarization
control device

Figure 8 — Measurement of the chirp and the linewidth of transmitters

Electrical
spectrum
analyser

IEC 2647/2000
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4.8.4.2 For measuring the linewidth, turn off the signal generator.

4.8.4.3 For measuring chirp, the generator shall be gated on and off as described in 4.8.2. For
adjusting the output level of the signal generator, switch it into continuous mode. Replace the
transmitter by the RF voltmeter and choose an output level resulting in an optical modulation
index of the transmitter in the range of m = 0,5 to 0,7. Note the reading U of the RF voltmeter.
Reconnect the optical transmitter and turn on the gating signal.

4.8.4.4 Adjust the polarization controller to maximize the amplitude displayed by the spectrum
analyser.

4.8.4.5 Locate the —3 dB roll-off of the electrical power starting at the lowest frequency of the

spectrum shown h\JI the spectrum nnnlycnr

NOTE Iflthe —3 dB roll-off exceeds the range of the spectrum analyser a smaller optic
used. Care has to be taken to ensure stable operation of the laser.

index may be

4.8.4.6 |If the signal generator is turned off, the frequency reading at thi i Bnts the
linewidth of the transmitter. If the inverse of this linewidth is time T,
the megsurement shall be repeated with a higher delay time.

4.8.4.7
frequen

ange in

4.8.4.8
(17)

where
C is the chirp;

Af is thp change in fref
Z is the input impeda
U isthp outputé/;

4.8.5 Potential s

4.8.5.1 |This 5 with a

linewi
Lorentzi ine

ineshapez
4.85.2

4.8.5.3 |Additiona
measurg¢ment:

e following features of the equipment can impair the accuracy of the

— the inaccuracy of the spectrum analyser;
— instability of the transmitter.

4.9 Extinction ratio

4.9.1 Purpose

The purpose of this test method is to measure the extinction ratio of a digital transmitter under
specified conditions.
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4.9.2 Equipment required
4.9.2.1 A pulse pattern generator.

4.9.2.2 An oscilloscope with a DC-coupled input which has a frequency range suitable for the
test pulses.

4.9.2.3 A PIN-photodiode with 1 dB bandwidth much larger than the bit rate of the transmitter
to be tested.

4.9.2.4 A DC power supply which provides a voltage less than the breakdown voltage of the
PIN-diode.

4.9.2.5 [ATESISTor with Tow capacitance and inductance.

4.9.2.6 |A low-loss capacitor.

4.9.2.7 |A length of fibre for connecting the transmitter to the PI

NOTE A|DC-coupled calibrated receiver may be used instead of the PIN-diode and owefr supply.

4.9.3 QJeneral measurement requirements

sgdence (PRBS)| with a

The tegt signal generator shall produce a pseudo ra
N ition frequency, pulge width

sequenge length of at least 215 — 1 with the spé
and levd

4.9.4 Procedure

4.9.4.1 |Set the supply volt Nnputisjgnal(s) to the specified value($).

~—

4.9.4.2 |Apply the specjfied\ i ~Gonnect the‘equipment as shown in figure 9.

Iy

Oscilloscope

Sullanill 9%
\> PIN-diode ﬂR )

IEC 4648/2000

I:ignrn 9 _ Measurement of the extinction ratio

4.9.4.3 The signal shown on the display of the oscilloscope is proportional to the modulated
intensity of the optical power. Its lowest level U, and its highest level Uy, relative to zero shall be
recorded.

4.9.4.4 The extinction ratio is calculated from

_ Un
e=>20 18
U (18)

4.9.5 Potential sources of error

4.9.5.1 The inaccuracy of the oscilloscope.
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4.9.5.2 The frequency response and the dark current of the PIN-diode.

4.9.5.3 The operating bias point of the PIN-diode at very high optical input levels.

4.10 Optical modulation index

4.10.1 Purpose

The purpose of this test method is to measure the individual optical power modulation index
(modulation index per channel) of a transmitter under specified conditions. This method is not
suitable for measuring the total modulation index of a transmitter modulated by a multi-channel

signal.

4.10.2 Equipment required

4.10.2.1 A selective voltmeter or spectrum analyser with a defined

4.10.2.21 A PIN-photodiode with 1 dB-bandwidth much larger t

tested.

4.10.2.3 A DC power supply which provides a voltage te

PIN-diogle.
4.10.2.4 A DC current meter.
4.10.2.5

4.10.2.6
are to H
input im

4.10.2.7
voltmetsd

4.10.2.8

NOTE A
the DC of]

4.10.3

€ much lower than that of the
which the tests are to be carried ouf.

itfer to be

de of the

Dut.

5 a high

gelective

hpacitor if

4.10.3.1 s volfage(s) and any control input signal(s) to the specified value(s).

4.10.3.2 gcified input signal. Connect the equipment as shown in figure 10|

G E
e
(6]

_3{

Generator(s)

PIN-diode

1

i

Selective voltmeter
(spectrum analyser)
C /
R

oR O,

Only required when voltmeter
has high input impedance

IEC 2649/2000

Xl

Figure 10 — Measurement of the optical modulation index
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4.10.3.3 Tune the selective voltmeter (spectrum analyser) to the frequency of the channel at
which the individual optical modulation index is to be measured.

4.10.3.4 Record the readings of the DC meter and the selective voltmeter (spectrum
analyser). The optical modulation index is calculated from

m:\/EU

RI

(19)

where
I is the reading of the DC meter;

U is thETeading of the SEIective voltmeter (spectrum analyser);

R is the resistance of the resistor or the input impedance of the/selegtive rQltmeter or
spegtrum analyser.

4.10.4 Potential sources of error

The following features of the equipment can impair the ment. A

method with higher accuracy is given in 4.20.

4.10.4.1 The inaccuracy of the DC meter.

4.10.4.2
4.10.4.3

4.10.4.4 of the
PIN-diogle. A correction fae ' S Case.

411 V
4.11.1

The puipose of this ' r under
specifie P

4.11.2
4.11.2.1

4.11.2.2 i with known differential efficiency and optical output power compatible
with the|rahge of optital input power of the receiver under test.

4.11.2.3 A length of fibre for connecting the transmitter to the receiver.

4.11.2.4 A cladding mode stripper, if the fibre has no cladding mode stripping coating.
4.11.2.5 An RF voltmeter.

4.11.3 General measurement requirements

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

4.11.3.2 The automatic gain control (AGC) (if any) for the receiver shall be disabled. The gain
shall be set to maximum.
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4.11.4 Procedure
4.11.4.1 Set the supply voltage(s) and any control input signal(s) to the specified value(s).

4.11.4.2 Connect the equipment as shown in figure 11.

E o}
-t
o o £

Generator(s)

IEC_2650/2000

4.11.4.3 Adjust the amplitude of the generator to obtain the optical mg i quired.
4.11.4.4 Measure the RF voltage at the frequencies of intere

4.11.4.9 The voltage responsivity is calculated from

-2 (20)

rv—

where
m is the optical modulation index;
P is the received optical power;
U is the output voltage.

4.11.5 Potential sources dt
4.11.5.1 The inm@

4.11.5.2

4.11.5.3
4.11.5.4

4.11.5.5

4.12 Freguency range and flatness

4.12.1 Purpose
The purpose of this test method is to measure the frequency range and the flatness of optical

transmitters and receivers under specified conditions. The frequency range shall be expressed
in Hz and the flatness in dB.

4.12.2 Equipment required

4.12.2.1 A signal generator with a frequency range greater than the expected range of the
device to be tested.

4.12.2.2 An RF voltmeter for the amplitude versus frequency response.
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4.12.2.3 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.

4.12.2.4 A length of fibre for connecting the transmitter and the receiver.

NOTE A network analyser may be used instead of the signal generator and the voltmeter. A spectrum analyser
with tracking generator may also be used. A swept generator with broadband diode detector may be used if all
measurements are taken at the same detected signal level by re-adjustment of the generator level to maintain this
condition.

4.12.3 Procedure

4.12.3.1_Set the innply \/nlmgp(q) and any contral inpm‘ Qignnl(Q) to the qlnqpi-f-i.pd value s),

4.12.3.2 Connect the equipment as shown in figure 12. (\

G N
i o _@_ @X\

Generator(s)

RN

IEC 2651/2000

flatness

4.12.3.3
specifie
of the rg@spective calibrated device.

er of frequencies covgring the
ed by the known frequency rgsponse

4.12.4 Potential sour
4.12.4.1 The inai}ra S e the amplitude of the test generator.

4.12.4.2 The inac

4.12.4.3

4.12.4.4

413 C

4.13.1

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.

4.13.2 Equipment required
4.13.2.1 All equipment required for measuring CSO of electrical amplifiers (see IEC 60728-3).

4.13.2.2 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 4.16).
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4.13.2.3 A length of fibre for connecting the transmitter to the receiver.

4.13.2.4 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.

4.13.3 Procedure

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

4.13.3.2 Connect the equipment as shown in figure 13.

/
_@_ dB

Optical attenuator
(if needed)

4.13.3.3 The device under test shown infi 3 i Aelectrical input and an glectrical
output. [Therefore, i wlifier. The procedure for measuring
CSO (s¢e IEC 60728-3) ca be used fa@ yememt. The result is the figure which shall
be given as the CSO of thg op i

4.13.3.4 To make sure i ! e receiver can be neglected, a|second
measuré¢ment shall be €% i ifferent attenuation between the optical transmitter
and the| optical @ , , it indicates that the receiver distortion is too
high.

4.13.4

The figlire SO of the whole optical system. The influence of thg optical
receivet its CSO is much better than that of the transmitter, Qut there
is no dite easuiing the CSO of an optical receiver. It can only be estimated from the
results pdulatijpn measurement. This estimate is not very accurate, becguse the
laws of ts are frequency-dependent and not well known.

4.14 Cpmposite triple beats (CTB) of optical transmitters

4.14.1 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.

4.14.2 Equipment required

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

4.14.2.2 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 4.16).
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4.14.2.3 A length of fibre for connecting the transmitter to the receiver.

4.14.2.4 |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

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

4.14.3.2 Connect the equipment as shown in figure 14.

E /
——
o
Optical attenuator
(if needed)

4.14.3.3 lectrical
output; e procedure for measurjng CTB
(see IEC e result is the figure which [shall be
given ag

4.14.3.4 To make sure i ! e’ receiver can be neglected, a|second
measure¢ment shall be i iffereny/attenuation between the optical trapsmitter
and the| optical regeive 3 s, it indicates that the receiver distortion is too
high. <>

4.14.4 Potential sod

The figlire measwed\is B the whole optical system. The influence of thg optical
receivet ) its CTB is much better than that of the transmitter, but{there is
no dired S CTB of an optical receiver. It can only be estimated from the
results inte dula ion measurement. This estimate is not very accurate, becguse the

laws of hdditi Wtheveats are frequency-dependent and not well known.

4.15 Cpmposite cross-modulation of optical transmitters

4.15.1 Purpose

The purpose of this test method is to measure the composite cross-modulation of optical
transmitters modulated with multiple carriers. The definition of composite cross-modulation 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 cross-modulation 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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4.15.2 Equipment required

4.15.2.1 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 modulation to be used.

NOTE 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 (for example, 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.

4.15.2.2 A modulating voltage generator of sufficient output to provide common modulation of
the signal generators in 4.15.2.1.

4.15.2.3 A combiner, matching device, attenuators, filters, etc., to i rrect signal
levels, matching and reduction of spurious signals.

4.15.2.4 A spectrum analyser with 1 kHz IF bandwidth and 10 Bz vi ability.
4.15.2.9 A bandpass filter for each channel to be tested or g a 3 iliter. This filter
shall attenuate the other channels present on the system tobe te

the proflucts generated by non-linearity in the spe )
significgntly to the cross-modulation products to be
be flat 3t least to within 1 dB over the frequency ra ge of |nter t, an atched

over thg complete frequency band. d to the
input of fthe filter.

4.15.2.6
4.15.2.7

4.15.2.8
of the rg

4.15.3
4.15.3.1

4.15.3.2
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Figu -modulation of optical transmjtters

4.15.3.3

4.15.3.4 Select ig oNs in\turny set the modulation depth and adjust thg output
to give the RF p c in thie specified input level for the optical transmitter to
be tested.

4.15.3.5 (\of the optical receiver to the spectrum analyser.

5 kHz/div
— vertical'scale 10 dB/div

— horizontal scale

— scan time 5 s/div

4.15.3.7 Tune the spectrum analyser 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.

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

4.15.3.9 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 analyser with minimum video filtering capabilities greater than 10 Hz, the
composite cross-modulation may be noisy and should be read at the middle of the trace.
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4.15.3.10 Adjust the sensitivity of the spectrum analyser 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.

4.15.3.11 Switch off the modulation of the wanted carrier and switch on all the other carriers.
4.15.3.12 Switch on the modulation of every second one of the other carriers.
4.15.3.13 Measure the amplitude of the sidebands on either side of the wanted carrier caused

by the total composite cross-modulation transfer. The difference in dB between the full-scale
reference-and-the Inrgncf of the sidebands, corrected as in table 1 of |[EC 60728-3 tg gbtain the

ratio referred to 100 % modulation, shall be noted.

4.15.3.14 Repeat the previous step with the modulation of the pre carriers

turned qff and the modulation of the other half of the unwanted carri
4.15.3.15 The composite total cross-modulation can be calculate

XM,
XM =20 Igrio 20

(21)

where
XMy s the first measured value, in dBs
XM, s the second measured value, i

4.15.3.1 \15.3 15, &th' grocedure, each time selecting a fifferent
wanted [ in thi gve been selected.

4.15.3.1
measur

of the receiver can be neglected, a|second
ferent attenuation between the optical trahsmitter

and the nges, it indicates that the receiver distortign is too
high.
4.15.3.1 & WOrst-Cg imum output level giving the required signal to compogite total

4.15.4

The fig ed/is the composite cross-modulation of the whole optical systgm. The
influencp\oi/the optical receiver can be neglected only if its cross-modulation is mugh better
than thatofthe transmitter, butthere 15 no direct way of Tmeasuring the cross-modutation 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.

4.16 Receiver intermodulation
4.16.1 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
expressed in dB.
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4.16.2 Equipment required

60728-6 O IEC:2001(E)

4.16.2.1 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.

4.16.2.2 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.

4.16.2.3 An optical coupler with similar loss in both paths.

4.16.2.4 Two variable optical attenuators with a range great enough to cover the range of

the optir‘al ihlhllf power of the receiver to he tested

4.16.2.9 A variable electrical attenuator with a range great
intermogulation ratio expected.

4.16.2.4 A selective voltmeter covering the frequency range o

4.16.2.7 Lengths of fibre for connecting the transmitters tg
receivet].

4.16.3 [General measurement requirements

4.16.3.1 Unless otherwise required,
the normal operating levels specified
over thg frequency range then the levels of al

4.16.3.21 Where the receiver to be
signals pf the correct type

4.16.4 Procedure

4.16.4.1 Set th@pl

4.16.4.2 Connect the

br to the

shall be
constant
ults.

C) pilot

s).



https://iecnorm.com/api/?name=bd4f9dc14dbedf14780d17c113e1f3af

60728-6 O IEC:2001(E) —35-—

G
~o

&\ |2

(For triple beat

measurement)
voltmeter
G AY
N
IEC 2655/2000
Figure 16 — Arrahgem i gr measuring receiver intermodulation
4.16.4.3 Carry er each
band off interest L overall
frequengy range.
4.16.4.4 r of the
receivel].
4.16.4.5 t of the
optical ¢
4.16.4.9 s at the
outputs [ofithe signal generators are likely to affect materially the results of the measurgments.

4.16.4.7 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.

4.16.4.8 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 a; should be slightly
greater than the signal to intermodulation product ratio expected at the point of measurement.

4.16.4.9 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.

4.16.4.10 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.
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4.16.4.11 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,.

4.16.4.12 The signal to intermodulation product ratio, in dB, is given by
S/ =ai-a> (22)

where
a; 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.

4.16.5 Potential sources of error
4.16.5.1 The inaccuracy of the selective voltmeter.

4.16.5.2 The inaccuracy of the filter attenuation.

4.16.5.3 The inaccuracy of the variable attenuator.
4.16.5.4 The inaccuracy of the modulation index.
4.17 CPBO of optical amplifiers

Under cpnsideration.

4.18 CJIB of optical amplifiers

Under cpnsideration.

4.19 Chrrier-to ise ka

4.19.1 Purpose

The pur| smitters
and rec
In passi en input
signal Q

CIN; C/N
in C/NSYS out

IEC 2656/2000

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
CINsys = -10 IQEw‘loC’Nm ~10 79 /Nout E (23)
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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.

4.19.2 Equipment required

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

4.19.2.

A _C\\/ cignal generator r‘mmring the frnqnnnr‘inc at which the tests~are to he

out. Theg
m=0,2

4.19.2.3
4.19.2.4

specifie
the carr

4.19.2.5

transmifter for testing an optical receiv

4.19.2.5.

Using a
dependy

amplitude of the generator shall be adjustable to obtain an optical modulation

A reference receiver (figure 18) for

N
<\
PI IM__ IEC 2657/2000

igure 18 — PIN diode receiver

mitter

carried
index of

beted.

ing tasks:

pr to the

ference

laser for ansmitter, the noise is caused by fluctuations of the light output

(RIN). It

where
m is
RIN is

B is

on,the modulation frequency and can be described by the relative intensi

m2

the optical modulation index;
the relative intensity noise, in dB/Hz;
the bandwidth, in Hz.

ower. It
y noise

(24)
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4.19.2.5.2 Reference receiver

Since the noise behaviour 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:

i

CIN,, =10lgE——0
RX FeB(2erp, + I2) P

(25)

where

m is the optical modulation index;

Py is the optical power incident on the photodiode;
r is the responsivity of the photodiode;

B is thp bandwidth;

e is 1,p x 10719 As (charge of an electron);

I is the effective spectral noise current density of th

r

NOTE Apditional items may be necessary, for example, to eqQsurg 8 and operation df the test
equipmenit (see IEC 60728-1).

4.19.3 [General measurement requirements

4.19.3.1 The test set-up shall be well itivity of
the medsuring equipment : ange of
the chapnel to be measuded. i by the
specification of the transmi
4.19.3.21 Where the C), pilot
signals pf the c pSts.

4.19.3.3 fion.
4.19.4
4.19.4.1 ring the carrier-to-noise ratio of analogue optical trangmission
systems e as for cabled distribution systems (see IEC 60728-1). In tHis case,
the syst 3ists of an optical receiver connected to an optical transmittgr via an
optical 3 figure 19).
X
— 7 —

Electrical E / © Electrical
——- A e
input o £ output

G Pilot signal
generator
N | lifrequired)

IEC 2658/2000

Figure 19 — Optical transmission system under test
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4.19.4.2 Set the supply voltage(s) and any control input signal(s) to the

4.19.4.3 Connect the equipment as shown in figure 20.

specified value(s).

Selective voltmeter

/l /l

G System /] 7/ /\/

f\/ under A /\/

test /\/
AN 7 /
\‘ 2659/2000

Figure 20 — Arrangement of test equipment for carri
4.19.4.4 Set the signal generator to the carrier frequer }Led. The
amplitude of the signal generator shall be set to obtai e result
of this measurement might be extrapolated to other 26.

4.19.4.5 Connect the variable atteny items if
required — see IEC 60728-1) to the poi ference
signal and note the attenuator value a ding R.

The attgnuator value a; should be slight
point of[measurement.

4.19.4.9

he signal-to-noise ratio expectgd at the

Reduce in ¢ 3, required to obtain again the same vpltmeter

reading

4.19.4.7 yStem in dB is given by

m
- - +20 lg——
Cm~Cb 902

’

where

C, Iis|the bandwidth correction factor;

(26)

m is the specified modulation index.

According to equation 23, 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:

C/Nrx = —10 Ig

0 10C/NSYS 10 10C/NTx%

b) for the transmitter:

C/NTx

1
~10 |g%10 ~SCINSYs — 10 1OC/NRXE

(27)

(28)
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where

C/Ngyg is the measured C/N of the system;
C/Ntyx is the C/N of the transmitter,
C/Ngx is the C/N of the receiver.

4.19.5 Potential sources of error

4.19.5.1 The inaccuracy and the calibration of the selective voltmeter.

4.19.5.2 The inaccuracy of the variable attenuator.

2001(E)

.
TTOWT

4195 Thc |||cthud autua“y dctcllll;llcb ball;cl (p=ua IIU;DU)'tU'IIU;DC G?LTA
differente between this and the carrier-to-noise ratio is very small if thenjalue exceed
The method assumes that the random noise is evenly distributed withi

4.20 M;LethOd for combined measurement of relative intensity™n
0]

4.20.1 Purpose

dex of the tr
afculated from t

With this method the relative intensity noise and the
as well ps the equivalent input noise current of t
measuré¢ment of the complete optical s

The no|se of an optical system consi vtter/and a PIN-diode reg

determined by the following noise sources:

— the felative intensity nois
— the shot noise of the P

— the ¢ffective spectrpN isé the/optical receiver, which includes all 1
relaed noise squrce i
Knowing the apﬁ' ities\the\carrier-to-noise ratio for the whole system

calculatgd from

H 2e Ir2 HE

H 1
0lg2B-101g0 10N + + 0
Hrpopt rZngt EE

where

RIN is|the’relative ihtensity noise, in dB/Hz;

er, the
5 15 dB.

smitter
e noise

eiver is

eceiver-

can be

(29)

m is The optical modulation index;

Popt is the optical power incident on the photodiode;
r is the responsivity of the photodiode;

B is the bandwidth;

e

is 1,6 x 10719 As (charge of an electron);

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

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

tly large
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4.20.2 Equipment required
4.20.2.1 A DC meter with a range suitable for the currents of the photodiode of the receiver.

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

4.20.2.3 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.

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

4.20.2.9 An optical attenuator with a range great enough to adjust the receive opticlal power
to the specified range of the receiver.

4.20.2.4 An optical power meter with a range suitable for the expects s fletector
system of the power meter shall have a sufficiently large area on from
the fibr¢ and a spectral sensitivity compatible with the transrs dl iracy of

+10 % i$ recommended.

4.20.2.71 Two lengths of fibre for connecting the equip

4.20.3 [General measurement conditions

For thisimeasurement a total optical me to avoid

instabilify of the transmitter.

4.20.4 Procedure
4.20.4.1 Set the supply voltageXs) and a s).

4.20.4.2 Connect the equ
Selective voltmeter

/ /]
> 0,

Vo
Measuring equipment

G
~

Signal \

generatof(s)

|
Phot signal I
G nerator !-
~ | (if required)

o] N[®

TEC 2660/2000

Figure 21 — Measurement set-up for determination of the noise parameters
and the optical modulation index

4.20.4.3 Adjust the optical attenuator to an output level suitable for the optical receiver.
4.20.4.4 Record the reading P, of the optical power meter.

4.20.4.5 After replacing the optical power meter by the optical receiver, measure the current /;
of the photodiode.
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4.20.4.6 Reconnect the optical power meter and adjust the optical attenuator to a different

optical power P,.

4.20.4.7 Replace the optical power meter by the optical receiver and measure the current /, of

the photodiode.
4.20.4.8 The responsivity of the photodiode can be calculated by

_I2—h
P2—-P1

(30)

4.20.4.9 Connect the variable attenuator and selective voltmeter (and other items if required —

see IEC|60728-1) to the output of the receiver.

4.20.4.10 As described in 4.19 a set of (5 to 15) C/N-measurement
the range of the optical input power of the receiver.

4.20.4.11 The values for RIN, m and /. can be extracted from
of curvg fitting to equation 29.

4.20.5 Potential sources of error

4.20.5.1 The following features of the test
measur

4.20.5.2
4.20.5.3
4.20.5.4

4.20.5.5

NOTE P
whole m¢g
stated as

CIN'=¢&
Péw =0 R

but over

by methods

of the

over the
lated are

where

CIN, Popt,| m{ RIN are~he right values;
CIN', P'opt—+—RN—are-the-wrong-values;
v, & are error factors.

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

4.21 Noise figure of optical amplifiers

4.21.1 Purpose

The purpose of this test method is to measure the noise figure of optical amplifiers. The noise

figure shall be expressed in dB.
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