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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL AMPLIFIERS -

Part 2: Single channel applications —
Performance specification template

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization com
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promote interna
coloperation on all questions concerning standardization in the electrical and electronic fields/ 10 this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications,"Pechnical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEG~Publication(s)”).
preparation is entrusted to technical committees; any IEC National Committee interested in the subject deg
may participate in this preparatory work. International, governmental and non-goverpmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with thé\nternational Organizat
Standardization (ISO) in accordance with conditions determined by agreement. betWeen the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical .Committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content
Publications is accurate, IEC cannot be held responsible forythe way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC National? Committees undertake to apply IEC Publid
transparently to the maximum extent possible in their national and regional publications. Any divergence b¢g
anly IEC Publication and the corresponding national dr'regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificatioh bodies.

Alllusers should ensure that they have the latest edition of this publication.

Nd liability shall attach to IEC or its(directors, employees, servants or agents including individual exper
mgmbers of its technical committeési'and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the)yNormative references cited in this publication. Use of the referenced publicati
indispensable for the coefrect application of this publication.

At{ention is drawn.to.the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall’not be held responsible for identifying any or all such patent rights.
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IEC 61291-2 has been prepared by subcommittee 86C: Fibre optic systems and active devices,
of IEC technical committee 86: Fibre optics. It is an International Standard.

This fifth edition cancels and replaces the fourth edition published in 2016. This edition
constitutes a technical revision.

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

a) the test methods for gain ripple in Table 2, Table 4 and Table 6 refer now to the IEC 61290-1
series;

b) th
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e SOA definition (3.1.3) refers now to IEC 61931.

ext of this International Standard is based on the following documents:

Draft Report on voting

86C/1849/FDIS 86C/1858/RVD

bove table.
anguage used for the development of this International‘Standard is English.

document was drafted in accordance with ISOAEC Directives, Part 2, and develop

vw.iec.ch/members_experts/refdocs. The main document types developed by IEC
ibed in greater detail at www.iec.ch/publieations.

of all parts in the IEC 61291 series\published under the general title Optical ampl.
e found on the IEC website.

hformation on the voting for its approval can be found in the report on voting indicated in

ed in

dance with ISO/IEC Directives, Part 1 and ISQ/IEC Directives, IEC Supplement, avalilable

are

fiers,

ommittee has decided that.the contents of this document will remain unchanged unfjil the

ity date indicated on the.lEC website under webstore.iec.ch in the data related t
fic document. At this date, the document will be

confirmed,

ithdrawn,

placed by-airevised edition, or

mended.

b the

IMP

ORFANT—TFhe-"cotour-tmside’t : Fthisd i hat i

contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

This document is devoted to the subject of optical amplifiers. The technology of optical
amplifiers is still rapidly evolving, hence amendments and new additions to this document can
be expected. Each abbreviated term introduced in this document is generally explained in the
text the first time it appears. However, for an easier understanding of the whole text, a list of all
abbreviated terms used in this document is given in Clause 3.



https://iecnorm.com/api/?name=88273ba10265c4fc36e46dba3a6e23f0

1
This
amp
IEC

The

-6- IEC 61291-2:2023 RLV © IEC

OPTICAL AMPLIFIERS -

Part 2: Single channel applications —
Performance specification template

Scope

2023

part of IEC 61291 provides a performance specification template applicable to_'o
lIfiers (OAs) used in single channel applications. Multichannel applications are cover
%1291-4.

pbjective of this—perfermance-—specification template is to provide a ffamework fo

preparation of performance standards and/or product specifications}-en defining
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specification-template- In addition to the requirements specified ja this template, a perform

dard or product specification could include other parameters, such as ratings, oper

cond|tions, tests, and pass/fail criteria.

For

A particular application, product specification~Writers—may could add specific

parameters and/or groups of specification parameter§¥etrparticularapplications to this tem
withqut removmg the parameters speC|f|ed in this document —Hewea#er—p#edeuet—epeerﬂe

writef

2

The

Normative references

flollowing documents are referredyto in the text in such a way that some or all of their co|

constitutes requirements of this document. For dated references, only the edition cited ap

For
ame

IEC

undated references, the.latest edition of the referenced document (including
ndments) applies.

©0825-1, Safety ofilaser products — Part 1: Equipment classification and requirement

\EC 81000 (all \El : bilitv (EMO

IEC
stan

$1000:6<%, Electromagnetic compatibility (EMC) — Part 6-1: Generic standards — Imm
dard(for residential, commercial and light-industrial environments

ation
plate,
ation

ntent
blies.
any

unity

IEC 61000-6-3, Electromagnetic compatibility (EMC) — Part 6-3: Generic standards — Emission

stan

dard for equipment in residential environments

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

IEC 61290-3 (all parts), Optical amplifiers — Test methods — Part 3: Noise figure parameters

IEC 61290-4-3, Optical amplifiers — Test methods — Part 4-3: Power transient parameters —
Single channel optical amplifiers in output power control

IEC 61290-5 (all parts), Optical amplifiers — Test methods — Part 5: Reflectance parameters
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IEC 61290-6-1, Optical fibre amplifiers — Basic specification — Part 6-1: Test methods for pump
leakage parameters — Optical demultiplexer

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

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

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

IEC TS 62538:2008, Categorization of optical devices

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions"given in IEC 612pP1-1,
IEC TS 62538 and the following apply.

NOTE| Possible supplementary definitions specific to OAs for single chanfgl, applications can be given in pfoduct
specif|cations.

3.11
optigal amplifier
OA
optichl waveguide device containing a suitably pumped, active medium that is able to amplify
an optical signal

[SOYRCE: IEC TR 61931:1998, 2.7.75]

3.1.2
optigal fibre amplifier
OFA
opticpl amplifier made of active optical fibre that is doped with rare-earth ions or that pregsents
non-linear optical effectsiin order to obtain optical amplification

3.1.3
semiconductor optical amplifier
SOA
opticpl amplifier'in which the active optical waveguide is formed by a semiconductor laser dliode
structure and will be electrically pumped

Note Liaventry- The structure of these amplifiers is similar to that of Fabry-Perot laser diodes but with anti-refllection
design elements at the end-face surfaces. The signal is amplified through the stimulated emission phenomenon in
the gain medium.

[SOURCE: IEC TR 61931:1998, 2.7.77, modified — The note to entry has been added.]

3.1.4

optical element

unpackaged or partially packaged optical basic unit, typically non repairable and
non-re-workable (at least by users)

Note 1 to entry: Examples of optical elements include laser chips or laser diodes, photodiodes, lenses, prisms,
optical collimators, grating chips and filter chips.

[SOURCE: IEC TS 62538:2008, 2.2.1]
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3.1.5

optical component

packaged unit comprising at least one optical element, typically non repairable and
non-re-workable (at least by users), suitably pigtailed or connectorized

Note 1 to entry: Examples of optical components include packaged lasers, photodiodes, optical splitters, couplers,
attenuators, isolators, MEMS, and modulators.

[SOURCE: IEC TS 62538:2008, 2.2.2]

3.1.6
optigatmodtte
packaged integration of optical components and/or elements, accomplishing delfined

functjonality, typically repairable and re-workable

Note 1 to entry: An optical module may comprise electronic components.

Note 4 to entry: An optical module is to be used as it is; users are not normally enabled”to re-arrange| inner
compgnents or add other components inside.

[SOURCE: IEC TS 62538:2008, 2.2.5]

3.1.7
OFA|component
fibre{pigtailed optical component that consists of fibre based. gain medium such as an erbium-
dopef fibre, one or more optical isolator(s), optical couplers for the wavelength-selector qr the
powdr monitor, a package, and fibres

Note 1 to entry: An OFA component may include an optical filter, such as a gain equalizing filter or ASE rejection
filter, and possibly other components.

3.1.8
OFA|module
fibre{pigtailed optical module that consists of an OFA component, pump laser compongnt(s)
with driving circuit, monitor photodiegde component(s) with driving circuit, and a control circuit

3.1.9
SOA|element
optichl element of SOA that'consists of a semiconductor chip

3.1.10
SOA|component
fibre{pigtailed-optical component that consists of an SOA element, lenses, optical isolafor(s)
(if nelcessary),-a thermoelectric cooler (TEC), a thermistor, a package, and fibres

3.2 |-Abbreviated terms
EMC electromagnetic compatibility

OA optical amplifier

OFA optical fibre amplifier

SOA semiconductor optical amplifier
TEC thermoelectric cooler

4 Performance specification templates for power amplifiers

The following templates contain a minimum set of performance parameters to be included in
the specifications for OFA components or modules (see Table 1) and SOA components
(see Table 2) used as power amplifiers in single channel applications. The tables include
specification criteria (in terms of the maximum values, minimum values or both) and references
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to the corresponding standards describing the test methods. Note that the list of the minimum
parameters for SOAs (see Table 2) covers SOA components only, because most SOA products
are currently-traded commercialized in the form of-the-componentusing a package, such as a
butterfly-type package, which contains only the SOA.

Table 1 — Minimum relevant parameters for power amplifiers based on OFA components

—9-—

or modules using active fibre specified for single channel applications

5-2

Parameters Unit Minimum Maximum IEC test method
values values
Input power range dBm IEC 61290-1 series
Output power range? dBm IEC 61290-1 sellies
Gain? dB IEC 61290-1'sefes
Wavelength band nm IEC(6/1290-1 sellies
Signal-spontaneous noise dB n/a IEC61290-3 sevlies
figure
Polarization dependent gain dB n/a IEC 61290-1 serlies
Reverse amplified dBm n/a IEC 61290-3 sevlies
spontaneous emission power
Trapsmission level
chafacteristics
Input reflectance® dB n/a IEC 61290-5 serlies
Return lossP dB n/a IEC 61290-3 sellies
Maximum reflectance tolerable dB n/a IEC 61290-5 sevlies
at input
Maximum reflectance tolerable dB n/a IEC 61290-5 setlies
at output
Pump leakage to input dBm n/a IEC 61290-6-1
Pump leakage to output dBm n/a IEC 61290-6-1
Maximum total output power dBm n/a IEC 61290-1 sellies
Operating temperature °C See See
IEC 61291- [ IEC 61291~
5-2 5-2
Maximum operating relative % n/a See
humidity. IEC 61291-
5-2
Maximum Range of Hz See See
operating frequencies IEC 61291- | IEC 61291-
vibration 5-2 5-2
severity -
Amplitude mm n/a See
peak-to-peak IEC 61291-
5-2
Environmental DUIGt;UII k=] IIIlG SUU
and reliability IEC 21291-
parameters
Storage temperature °C See See
IEC 61291- [ IEC 61291-
5-2 5-2
Maximum storage % n/a See
relative humidity IEC 61291-
5-2
Maximum Drop height mm n/a See
shock IEC 61291-
severity, free 5-2
drop
Failure rate FIT n/a See
IEC 61291-
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Parameters

Unit

Minimum
values

Maximum
values

IEC test method

2 Either output power range, gain, or both shall be stated.

b

n/a: not applicable

Either input reflectance or return loss shall be specified.

Table 2 — Minimum relevant parameters for power amplifiers based
on SOA components specified for single channel applications

Parameters Unit Minimum Maximum IEC test method
values values
Input power range dBm IEC 61290-1
series
Output power range® dBm IEC 61290-1
Series
GainP dB n/a IEC 61290-1
series
Saturation output power dBm n/a IEC 61290-1
series
Wavelength band nm IEC 61290-1
series
Gain ripple® dB n/a Under
consideration
IEC 61290-1
series
Transmission Signal-spontaneous noise figure dB n/a IEC 61290-3
chafacteristics? series
Polarization dependent gain dB n/a IEC 61290-1
series
Forward amplified spontaneous dBm n/a IEC 61290-3
emission power level series
Reverse amplified spontaneous dBm n/a IEC 61290-3
emission power level series
Input reflectance dB n/a IEC 61290-5
series
Maximum reflectance tolerable dB n/a IEC 61290-5
at- input series
Maximum reflectance tolerable dB n/a IEC 61290-5
at output series
Maximum total output power dBm n/a IEC 61290-1
series
Operating temperature °C
Maximum operating relative % n/a
humidity
Maximum | Range of Hz
i operating | frequencies
Enwron_me_n_tal vibration .
and reliability severity Amplitude mm n/a
parameters® peak-to-peak
Duration s n/a
Storage temperature °C
Maximum storage % n/a
relative humidity
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Parameters Unit Minimum Maximum IEC test method
values values
Maximum | Drop height mm n/a
shock
severity,
free drop
Failure rate FIT n/a
Forward current mA
Forward bias voltage \%
Gain peak wavelength nm
Dperating

cbnditiona: TEC current A
TEC voltage
Thermistor resistance
Thermistor constant

a8 [etailed information about SOA characteristics for saturation output power, gain, gain ripple, signal-

spontaneous noise figure, polarization dependent gain, maximum total output power,*and operating condifions
are described in IEC TR 61292-9.

b Hither output power range, gain, or both shall be stated.

c Hhere-areno IEC publications regarding QﬁA rnlnahnlnh/ There-are-two documentsregardingreliabitity oflfibre
! L= tlen e e s s SETeRElosniaTs e a (A

tic—active r\nmpnnnnfs and-devices—These-are ll:(‘ TR 62572-2and |EGC 62572 3 which-dealwith-laser
Atodules- There are no IEC publications specifying reliability @arameters for SOAs. The reliability of |aser
npodules is addressed in IEC TR 62572-2, and reliability ®asameters for laser modules are specifigd in
IEC 62572-3.

4 Qperating conditions of a TEC and thermistor are commonly specified in IEC 62149-3, which-cevers-thd is a
performance standard for—2,5-Gb/s modulator-integrated laser diode-medules transmitters for 40-Gbit/s [fibre
optic transmission systems.

5 PRerformance specification templates for pre-amplifiers

The following templates contain’a minimum set of performance parameters to be included in
the $pecifications for OFA\.components or modules (see Table 3) and SOA components
(see[Table 4) used as qpre-amplifiers in single channel applications. The tables in¢lude
specification criteria (insterms of the maximum values, minimum values, or both) and refergnces
to th¢ corresponding standards describing the test methods. Note that the list of the minimum
parameters for SOAs (see Table 4) covers SOA components only, because most SOA products
are currently-teaged commercialized in the form of-the-componentusing a package, such|as a
butteffly-type package, which contains only the SOA.
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modules using active fibre specified for single channel applications

Parameters Unit Minimum Maximum IEC test method
values values
Input power range dBm IEC 61290-1
series
Output power range? dBm IEC 61290-1
series
Gain? dB IEC 61290-1
series
Wavelength band nm IEC 61290-1
series
Available signal wavelength nm IEC61290-1
band sefies
Signal-spontaneous noise figure dB n/a IEC 61290-3
series
Polarization dependent gain dB n/a IEC 61290-1
series
Trhnsmission Forward amplified spontaneous dBm n/a IEC 61290-3
chdracteristics emission power level series
Reverse amplified spontaneous dBm n/a IEC 61290-3
emission power level series
Input reflectance® dB n/a IEC 61290-5
series
Return lossP dB n/a IEC 61290-3
series
Maximum reflectance tolerable dB n/a IEC 61290-5
at input series
Maximum reflectance tolerable dB n/a IEC 61290-5
at output series
Pump leakage to inpt dBm n/a IEC 61290-6-1
Pump leakage, te-output dBm n/a IEC 61290-6-1
Maximum tatal output power dBm n/a IEC 61290-1
series
Transient power response dB n/a IEC 61290-4-3
Transient power response time S n/a IEC 61290-4-3
[ransient
parameters® Transient power dB n/a IEC 61290-4-3
overcompensation response
Steady state power offset dB n/a IEC 61290-4-3



https://iecnorm.com/api/?name=88273ba10265c4fc36e46dba3a6e23f0

IEC 61291-2:2023 RLV © IEC 2023 -13 -
Parameters Unit Minimum Maximum IEC test method
values values
Operating temperature °C See See
IEC 61291 | IEC 61291
-5-2 -5-2
Maximum operating relative % n/a See
humidity IEC 61291
-5-2
Maximum Range of Hz See See
operating frequencies IEC 61291 | IEC 61291
vibration -5-2 -5-2
severity
Amplitude mm n/a See
peak-to-peak IEC 61291
Enyironmental -5-2
anf reliability Duration s n/a See
pprameters IEC 61291
-5-2
Storage temperature °C See See
IEC 61291 | IEC 61291
-5-2 -5-2
Maximum storage % n/a See
relative humidity HEC 61291
-5-2
Maximum Drop height mm n/a See
shock IEC 61291
severity, -5-2
free drop

ither output power range, gain, or both shall be stated.

B
b Hither input reflectance or return loss shall be specified.
T

ransient parameters are applicable to OFA modules with output power control.
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Table 4 — Minimum relevant parameters for pre-amplifiers based
on SOA components specified for single channel applications

Parameters Unit Minimum Maximum IEC test method
values values
Input power range dBm |EC 61290-1
series
IEC 61290-1
b
Output power range dBm series
IEC 61290-1
inb
Gain dB n/a series
Saturation output power dBm n/a IEC. 6129Q]
series
Wavelength band nm IEC§1200-1
sefies
e
i )
Gain ripple® dB n/a
IEC 61290-1
series
Transmission . . . IEC 61290-3
e a Signal-spontaneous noise figure dB n/a :
chafacteristics series
Polarization dependent gain dB n/a IEC. 61290-1
series
Forward amplified spontaneous IEC 61290-3
e dBm n/a f
emission power level series
Re\_/er_se amplified spontaneous dBm n/a IEQ 61290-3
emission power level series
Input reflectance dB n/a IEC. 61290-5
series
Maximum reflectance tolerable IEC 61290-5
. dB n/a .
at input series
Maximum reflectance tolerable IEC 61290-5
dB n/a :
at output series
Maximum tetalroutput power dBm n/a lECf 61290-1
series
Operating temperature °C
Maximum operating relative o
humiidity % n/a
Range of H
; z
Maximum | frequencies
o‘pera.tlng Amplitude
vibration mm n/a
h peak-to-peak
. severity
Enyironmental .
Lielilis Duration s n/a
and-reHabiity
parameters® Storage temperature °C
Maximum storage o
relative humidity % n/a
Maximum
ShOCk. Drop height mm n/a
severity,
free drop
Failure rate FIT n/a
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Parameters Unit Minimum Maximum IEC test method
values values
Forward current mA
Forward bias voltage \%
Gain peak wavelength nm
cgrr:zirtai:)i:gvd TEC current A
TEC voltage \%
Thermistor resistance Q
Thermistor constant

Oetailed information about SOA characteristics for saturation output power, gain, gain ripple, signal-
pontaneous noise figure, polarization dependent gain, maximum total output power, and operating
cpnditions are described in [IEC TR 61292-9.

)

Hither output power range, gain, or both shall be stated.

odules is addressed in IEC TR 62572-2, and reliability parameters for(}aser modules are specifig
FC 62572-3.

— o5y

O T O

ptic transmission systems .

hare are no lEC nublications reaardina SOA relighilityv here-are-two-documents rfadarding ha raligbhilltv of
nerearehRor+eopudHeatoRsSregaraihgo9AffeHabhity—herearetwo-Gocumeh tsfegaraig—nRereHadh{ty—o+
re optic-active components-and-devieces hese are |EC TR 625722 and |EC 825722 -3 which - deal-with
f HEactV A Reptsahc-aevices—rnesearet= H Lo~z ahRetE Lo WHHER-Gea+WHhn

bodules- There are no |IEC publications specifying reliability parameters fop SOAs. The reliability of |as
d

perating conditions of a TEC and thermistor are commonly specified\in JEC 62149-3, which-covers-the |s a
erformance standard for-2,5-Gb/s modulator-integrated laser diodesmedules transmitters for 40-Gbit/s fipre

6

The

Rerformance specification templates for line amplifiers

ollowing templates contain a minimunset of performance parameters to be includgd in

specffications for OFA components and modules (see Table 5) and SOA components
(see[Table 6) used as line amplifiers\Nin single channel applications. These tables in¢lude

specfification criteria (in terms of thecmaximum values, minimum values or both) and refere
corresponding standards describing the test methods. Note that the list of the minimum
jucts

to th
parameters for SOAs (see Tablé_6) covers SOA components only, because most SOA pro
are durrently-traded commefciglized in the form of-the-component-using a package, such
butterfly-type package, which contains only the SOA.

nces

as a
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modules using active fibre specified for single channel applications

Parameters Unit Minimum Maximum IEC test method
values values
Input power range dBm IEC 61290-1
series
Output power range? dBm IEC 61290-1
series
Gain? dB IEC 61290-1
series
Saturation output power dBm n/a IEC 61290-1
series
Wavelength band nm IEC61290-1
sefies
Signal-spontaneous noise figure dB n/a IEC 61290-3
series
Polarization dependent gain dB n/a IEC 61290-1
series
Forward amplified spontaneous dBm n/a IEC 61290-3
Lo emission power level series
Transmission
chgracteristics Reverse amplified spontaneous dBm n/a IEC 61290-3
emission power level series
Input reflectance dBP n/a IEC 61290-5
series
Return loss daBP n/a IEC 61290-3
series
Maximum reflectance tolerable dB n/a IEC 61290-5
at input series
Maximum reflectance tolerable dB n/a IEC 61290-5
at output series
Pump leakage to input dBm n/a IEC 61290-6-1
Pump leakage te'output dBm n/a IEC 61290-6-1
Maximum tatal output power dBm n/a IEC 61290-1
series
Polarization mode dispersion ps n/a IEC 61290-11
series
Transient power/gain response dB n/a IEC 61290-4-3
Transient power/gain response S n/a IEC 61290-4-3
[ransient time
pgrameters® Transient power/gain dB n/a IEC 61290-4-3
overcompensation response
Steady state power/gain offset dB n/a [EC 61290-4-3
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Parameters Unit Minimum Maximum IEC test method
values values
Operating temperature °C See See
IEC 61291 | IEC 61291
-5-2 -5-2
Maximum operating relative % n/a See
humidity IEC 61291
-5-2
Maximum Range of Hz See See
operating frequencies IEC 61291 | IEC 61291
vibration -5-2 -5-2
severity
Amplitude mm n/a See
peak-to-peak IEC 61291
Enyironmental -5-2
a“E reliability Duration s n/a See
pprameters IEC 61291
-5-2
Storage temperature °C See See
IEC 61291 | IEC 61291
-5-2 -5-2
Maximum storage % n/a See
relative humidity HEC 61291
-5-2
Maximum Drop height mm n/a See
shock IEC 61291
severity, -5-2
free drop
a8 Hither output power range, gain, or both shall be stated.
b Hither input reflectance or return loss shall be specified.
¢ Tlransient parameters are applicable to OFA modules with output power control.
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Table 6 — Minimum relevant parameters for line amplifiers based
on SOA components specified for single channel applications

Parameters Unit Minimum Maximum IEC test method
values values
Input power range dBm IEC 61290-1
series
Output power range® dBm IEC 61290-1
series
GainP dB n/a IEC 61290-1
series
Saturation output power dBm n/a IEC 61290-1
series
Wavelength band nm IEC61290-1
sefies
Gain ripple® dB n/a Under
i )
IEC 61290-1
series
Signal-spontaneous noise figure dB n/a IEC 61290-3
Transmission series
chafacteristics?
Polarization dependent gain dB n/a IEC 61290-1
series
Forward amplified spontaneous dBm n/a IEC 61290-3
emission power level series
Reverse amplified spontaneous dBm n/a IEC 61290-3
emission power level series
Input reflectance dB n/a IEC 61290-5
series
Maximum reflectance tolerable dB n/a IEC 61290-5
at input series
Maximum reflectance tolerable dB n/a IEC 61290-5
at output series
Maximum total‘Qutput power dBm n/a IEC 61290-1
series
Polarization mode dispersion ps n/a IEC 61290-11{1
Operating temperature °C
Maximum operating relative % n/a
humidity
Maximum | Range of Hz
operating | frequencies
vibration -
severity Amplitude mm n/a
peak-to-peak
Environmental Durati /
and reliability uration s n’a
parameters® Storage temperature °C
Maximum storage % n/a
relative humidity
Maximum | Drop height mm n/a
shock
severity,
free drop
Failure rate FIT n/a



https://iecnorm.com/api/?name=88273ba10265c4fc36e46dba3a6e23f0

IEC 61291-2:2023 RLV © IEC 2023 -19 -

Parameters Unit Minimum Maximum IEC test method
values values
Forward current mA
Forward bias voltage \%
Peak wavelength nm
cgrr:z:?i:)i:gd TEC current A
TEC voltage \%
Thermistor resistance Q
Thermistor constant

etailed information about SOA characteristics for saturation output power, gain, gain ripple;~si
pontaneous noise figure, polarization dependent gain, maximum total output power, and operatingycondi
re described in IEC TR 61292-9.

ither output power range, gain, or both shall be stated.

jnal-
ions

O T Q

fibre nphn active nnmpnnnn}c and-devices—These-are ll:(‘ TR 82572-2 and lBEC\82572 ’2 which rlngl

kser-modules- There are no IEC publications spemfylng reliability parameters for SOAs. The reI|ab|I|ty of
odules is addressed in IEC TR 62572-2, and reliability parameters for(}aser modules are specifig
FC 62572-3.

perating conditions of a TEC and thermistor are commonly specified’in IEC 62149-3, which coverg
erformance standard for-2;5-Gb/s modulator-integrated laser diodé-moedules transmitters for 40-Gbit/s
ptic transmission systems.

with
aser
d in

the
fibre

7 Electromagnetic compatibility (EMC) requirements

The |devices and assemblies addressed by this document shall comply with—suitable
reaauiremente for aloactromaanetic compafihilitvy (in tarme of hot amicsion_—and immulnityv)
reguirements—forelectromagnetic—compatibility (in—terms—of both—emission—and-immupnity);
denahdina on r\ari‘ir\llar usaagelanvirahmant in which thayv are inl’nnr’lorl to he inctallad or
depepding—on—particular—usage/enviropmentin—which—they intended—to—be—instaligd—or
integrated the emission requirements specified in IEC 61000 6-3 and with the immunity
requirements specified in IEC 61000-6-1. Other EMC requirements are standardized in the

IEC 61000 series.

8 1

The ¢
laser

aser safety requirements

evices and assemblies addressed by this document shall be classified into the approg
class as govered in IEC 60825-1.

riate
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL AMPLIFIERS -

Part 2: Single channel applications —
Performance specification template

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization com
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promote interna
coloperation on all questions concerning standardization in the electrical and electronic fields/ 10 this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications,"Pechnical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEG~Publication(s)”).
preparation is entrusted to technical committees; any IEC National Committee interested in the subject deg
may participate in this preparatory work. International, governmental and non-goverpmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with thé\nternational Organizat
Standardization (ISO) in accordance with conditions determined by agreement. betWeen the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical .Committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content

Pyblications is accurate, IEC cannot be held responsible_forythe way in which they are used or fdg
miginterpretation by any end user.

In|order to promote international uniformity, IEC National? Committees undertake to apply IEC Publid
transparently to the maximum extent possible in their national and regional publications. Any divergence b¢g
anly IEC Publication and the corresponding national dr'regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificatioh bodies.

Alllusers should ensure that they have the latest edition of this publication.

Nd liability shall attach to IEC or its(directors, employees, servants or agents including individual exper
mgmbers of its technical committeés)and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the)yNormative references cited in this publication. Use of the referenced publicati
indispensable for the coefrect application of this publication.

At{ention is drawn.to.the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall’not be held responsible for identifying any or all such patent rights.

IEC $1291<2°has been prepared by subcommittee 86C: Fibre optic systems and active dey
of IEC techhical committee 86: Fibre optics. It is an International Standard.
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This fifth edition cancels and replaces the fourth edition published in 2016. This edition
constitutes a technical revision.

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

a) the test methods for gain ripple in Table 2, Table 4 and Table 6 refer now to the IEC 61290-1

series;

b) the SOA definition (3.1.3) refers now to IEC 61931.
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ext of this International Standard is based on the following documents:
Draft Report on voting
86C/1849/FDIS 86C/1858/RVD

Full information on the voting for its approval can be found in the report on voting indicated in

the a

bove table.

The language used for the development of this International Standard is English.
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document was drafted in accordance with ISO/IEC Directives, Part 2, and develep

vw.iec.ch/members_experts/refdocs. The main document types developediby IEC
ibed in greater detail at www.iec.ch/publications.

of all parts in the IEC 61291 series, published under the general titleL.Optical ampl.
e found on the IEC website.

ed in

dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement).available

are

fiers,

ommittee has decided that the contents of this document wilkfremain unchanged untjil the

ity date indicated on the IEC website under webstore.ig€.ch in the data related t
fic document. At this date, the document will be

confirmed,

ithdrawn,

placed by a revised edition, or

mended.

b the
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INTRODUCTION

This document is devoted to the subject of optical amplifiers. The technology of optical
amplifiers is still rapidly evolving, hence amendments and new additions to this document can
be expected. Each abbreviated term introduced in this document is generally explained in the
text the first time it appears. However, for an easier understanding of the whole text, a list of all
abbreviated terms used in this document is given in Clause 3.
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OPTICAL AMPLIFIERS -

Part 2: Single channel applications —
Performance specification template

Scope

2023

This |part of IEC 61291 provides a performance specification template applicable to_ ‘o

ampl

IEC 61291-4.

The
stang
chan
stang

cond|tions, tests, and pass/fail criteria.

For

ptical

fiers (OAs) used in single channel applications. Multichannel applications are cevened in

bbjective of this template is to provide a framework for the preparation ef performance
ards and/or product specifications defining the performance of OA devices used in gingle
nel applications. In addition to the requirements specified in this template, a performance
ard or product specification could include other parameters, such as ratings, opernating

g particular application, product specification writers coudld. add specification paramgters

and/¢r groups of specification parameters to this template} without removing the paramgters
specified in this document.

2

Normative references

The following documents are referred to in the-t€xt in such a way that some or all of their conptent
constitutes requirements of this document..For dated references, only the edition cited ap

For

undated references, the latest edition of the referenced document (including

amendments) applies.

IEC 60825-1, Safety of laser products — Part 1: Equipment classification and requirement

IEC §

standard for residential,.commercial and light-industrial environments

IEC $1000-6-3, Electromagnetic compatibility (EMC) — Part 6-3: Generic standards — Emi
standard for equipment in residential environments

IEC 61290=1(all parts), Optical amplifiers — Test methods — Part 1: Power and gain param

Dlies.
any

2

1000-6-1, Electromagnetic compatibility (EMC) — Part 6-1: Generic standards — Immunity

5sion

eters

IEC ¢1290-3 (all parfe) Ontical amplifiers — Test methods — Part 3- Noise figurp parameters

IEC 61290-4-3, Optical amplifiers — Test methods — Part 4-3: Power transient parameters —
Single channel optical amplifiers in output power control

IEC 61290-5 (all parts), Optical amplifiers — Test methods — Part 5: Reflectance parameters

IEC 61290-6-1, Optical fibre amplifiers — Basic specification — Part 6-1: Test methods for pump
leakage parameters — Optical demultiplexer

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

IEC

61291-1, Optical amplifiers — Part 1: Generic specification
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IEC 61291-5-2, Optical amplifiers — Part 5-2: Qualification specifications — Reliability
qualification for optical fibre amplifiers

IEC TS 62538:2008, Categorization of optical devices

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 61291-1,
IEC TS 62538 and the following apply.

NOTE| Possible supplementary definitions specific to OAs for single channel applications can be given=in pfoduct
specif|cations.

3.1.1
optigal amplifier
OA
optichl waveguide device containing a suitably pumped, active mediumithat is able to amplify
an optical signal

[SOYRCE: IEC TR 61931:1998, 2.7.75]

3.1.2
optigal fibre amplifier
OFA
opticpl amplifier made of active optical fibre that issxdoped with rare-earth ions or that pregsents
non-linear optical effects in order to obtain optical"amplification

3.1.3
semiiconductor optical amplifier
SOA
opticpl amplifier in which the active<optical waveguide is formed by a semiconductor laser dliode
structure and will be electrically-pumped

Note 1to entry: The structure of these amplifiers is similar to that of Fabry-Perot laser diodes but with anti-reflection
desigr) elements at the end-face surfaces. The signal is amplified through the stimulated emission phenomepon in
the gain medium.

[SOYRCE: IEC TR 61931:1998, 2.7.77, modified — The note to entry has been added.]

3.1.

optigal element
unpackaged or partially packaged optical basic unit, typically non repairable | and
non-exworkable (at least by users)

Note 1 to entry: Examples of optical elements include laser chips or laser diodes, photodiodes, lenses, prisms,
optical collimators, grating chips and filter chips.

[SOURCE: IEC TS 62538:2008, 2.2.1]

3.1.5

optical component

packaged unit comprising at least one optical element, typically non repairable and
non-re-workable (at least by users), suitably pigtailed or connectorized

Note 1 to entry: Examples of optical components include packaged lasers, photodiodes, optical splitters, couplers,
attenuators, isolators, MEMS, and modulators.

[SOURCE: IEC TS 62538:2008, 2.2.2]
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3.1.6

optical module

packaged integration of optical components and/or elements, accomplishing defined
functionality, typically repairable and re-workable

Note 1 to entry: An optical module may comprise electronic components.

Note 2 to entry: An optical module is to be used as it is; users are not normally enabled to re-arrange inner
components or add other components inside.

[SOURCE: IEC TS 62538:2008, 2.2.5]

3.1.7
OFA|component
fibre{pigtailed optical component that consists of fibre based gain medium such asan erbium-
dopef fibre, one or more optical isolator(s), optical couplers for the wavelengthsselector qr the
powdr monitor, a package, and fibres

Note 1 to entry: An OFA component may include an optical filter, such as a gain equalizing filter or ASE rejection
filter, and possibly other components.

3.1.8
OFA|module
fibre{pigtailed optical module that consists of an OFA compodnent, pump laser compongnt(s)
with driving circuit, monitor photodiode component(s) with driving circuit, and a control circuit

3.1.9
SOA|element
optichl element of SOA that consists of a semiconductor chip

3.1.10
SOA|component
fibre{pigtailed optical component that .consists of an SOA element, lenses, optical isolafor(s)
(if necessary), a thermoelectric cooler (TEC), a thermistor, a package, and fibres

3.2 | Abbreviated terms

EMC electromagnetic compatibility
OA optical amplifier.

OFA optical fibre amplifier

SOA semiconductor optical amplifier
TEC thermoelectric cooler

4 PRerformance specification templates for power amplifiers

The following templates contain a minimum set of performance parameters to be included in
the specifications for OFA components or modules (see Table 1) and SOA components
(see Table 2) used as power amplifiers in single channel applications. The tables include
specification criteria (in terms of the maximum values, minimum values or both) and references
to the corresponding standards describing the test methods. Note that the list of the minimum
parameters for SOAs (see Table 2) covers SOA components only, because most SOA products
are currently commercialized in the form of a package, such as a butterfly-type package, which
contains only the SOA.
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Table 1 — Minimum relevant parameters for power amplifiers based on OFA components

or modules using active fibre specified for single channel applications

Parameters Unit Minimum Maximum IEC test method
values values
Input power range dBm IEC 61290-1 series
Output power rangea dBm IEC 61290-1 series
Gain? dB IEC 61290-1 series
Wavelength band nm IEC 61290-1 series
Sigral-spertarcoustoise 4B Her HEG-64296-3-sefies
figure
Polarization dependent gain dB n/a IEC 61290-1 ser|ies
Reverse amplified dBm n/a IEC,61290-3 sevlies
spontaneous emission power
Trapsmission level
chafacteristics
Input reflectance® dB n/a IEC 61290-5 serlies
Return lossP dB nfa IEC 61290-3 sellies
Maximum reflectance tolerable dB n/a IEC 61290-5 sevlies
at input
Maximum reflectance tolerable dB n/a IEC 61290-5 sellies
at output
Pump leakage to input dBm n/a IEC 61290-6-1
Pump leakage to output dBm n/a IEC 61290-6-1
Maximum total output power dBm n/a IEC 61290-1 sellies
Operating temperature °C See See
IEC 61291- [ IEC 61291-
5-2 5-2
Maximum operating relative % n/a See
humidity IEC 61291-
5-2
Maximum Range of Hz See See
operating frequencies IEC 61291- | IEC 61291-
vibration 5-2 5-2
severity -
Amplitude mm n/a See
peak-to-peak IEC 61291-
5-2
Environmental Duration S n/a See
U IEC 61291-
and reliability.
5-2
pdrameters
Storage temperature °C See See
IEC 61291- [ IEC 61291-
5-2 5-2
Maximum storage % n/a See
relative humidity IEC 61291-
5-2
Maximum Drop height mm n/a See
shock IEC 61291-
severity, free 5-2
drop
Failure rate FIT n/a See
IEC 61291-
5-2

a8 Either output power range, gain, or both shall be stated.

b Either input reflectance or return loss shall be specified.

n/a: not applicable
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Table 2 — Minimum relevant parameters for power amplifiers based
on SOA components specified for single channel applications

Parameters Unit Minimum Maximum IEC test method
values values
Input power range dBm IEC 61290-1
series
Output power range® dBm IEC 61290-1
series
GainP dB n/a IEC 61290-1
series
Saturation output power dBm n/a IEC 61290-1
series
Wavelength band nm IEC61290-1
sefies
Gain ripple dB n/a IEC 61290-1
series
Signal-spontaneous noise figure dB n/a IEC 61290-3
Transmission series
characteristics® | pgarization dependent gain dB n/a IEC 61290-1
series
Forward amplified spontaneous dBm n/a IEC 61290-3
emission power level series
Reverse amplified spontaneous dBm n/a IEC 61290-3
emission power level series
Input reflectance dB n/a IEC 61290-5
series
Maximum reflectance tolerable dB n/a IEC 61290-5
at input series
Maximum reflectance tolerable dB n/a IEC 61290-5
at output series
Maximum total output power dBm n/a IEC 61290-1
series
Operating temperature °C
Maximum-operating relative % n/a
humidity,
Maximum | Range of Hz
operating | frequencies
vibration -
severity Amplitude mm n/a
peak-to-peak
Enyironmehtal Durati /
anf reliability uration s n’a
parameters® Storage temperature °C
Maximum storage %o n/a
relative humidity
Maximum | Drop height mm n/a
shock
severity,
free drop
Failure rate FIT n/a
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Parameters Unit Minimum Maximum IEC test method
values values

Forward current mA

Forward bias voltage \%

Gain peak wavelength nm

cg:zirtai:::gd TEC current A

TEC voltage \%

Thermistor resistance Q

Thermistor constant

a8 [etailed information about SOA characteristics for saturation output power, gain, gain ripple;~si

jnal-

spontaneous noise figure, polarization dependent gain, maximum total output power, and operatingycondifions
dre described in IEC TR 61292-9.
b Hither output power range, gain, or both shall be stated.
¢ There are no IEC publications specifying reliability parameters for SOAs. The reliability of laser modulgs is
addressed in IEC TR 62572-2, and reliability parameters for laser modules are specified/in IEC 62572-3.
d  Qperating conditions of a TEC and thermistor are commonly specified in IEC 6214953, which is a performpance
sfandard for modulator-integrated laser diode transmitters for 40-Gbit/s fibre optie’ transmission systems)].
5 PRerformance specification templates for pre-amplifiers
The following templates contain a minimum set of pérformance parameters to be included in
the s$pecifications for OFA components or modules (see Table 3) and SOA components
(see|Table 4) used as pre-amplifiers in single\channel applications. The tables in¢lude
specification criteria (in terms of the maximum yalues, minimum values, or both) and refergnces
to th¢ corresponding standards describing the - test methods. Note that the list of the minimum
parameters for SOAs (see Table 4) covers:.SOA components only, because most SOA products

are currently commercialized in the formyof a package, such as a butterfly-type package, V
contgdins only the SOA.

vhich
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modules using active fibre specified for single channel applications

Parameters Unit Minimum Maximum IEC test method
values values
Input power range dBm IEC 61290-1
series
Output power range? dBm IEC 61290-1
series
Gain? dB IEC 61290-1
series
Wavelength band nm IEC 61290-1
series
Available signal wavelength nm IEC61290-1
band sefies
Signal-spontaneous noise figure dB n/a IEC 61290-3
series
Polarization dependent gain dB n/a IEC 61290-1
series
Trhnsmission Forward amplified spontaneous dBm n/a IEC 61290-3
chdracteristics emission power level series
Reverse amplified spontaneous dBm n/a IEC 61290-3
emission power level series
Input reflectance® dB n/a IEC 61290-5
series
Return lossP dB n/a IEC 61290-3
series
Maximum reflectance tolerable dB n/a IEC 61290-5
at input series
Maximum reflectance tolerable dB n/a IEC 61290-5
at output series
Pump leakage to inpt dBm n/a IEC 61290-6-1
Pump leakage, te-output dBm n/a IEC 61290-6-1
Maximum tatal output power dBm n/a IEC 61290-1
series
Transient power response dB n/a IEC 61290-4-3
Transient power response time S n/a IEC 61290-4-3
[ransient
parameters® Transient power dB n/a IEC 61290-4-3
overcompensation response
Steady state power offset dB n/a IEC 61290-4-3
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Parameters Unit Minimum Maximum IEC test method
values values
Operating temperature °C See See
IEC 61291 | IEC 61291
-5-2 -5-2
Maximum operating relative % n/a See
humidity IEC 61291
-5-2
Maximum Range of Hz See See
operating frequencies IEC 61291 | IEC 61291
vibration -5-2 -5-2
severity
Amplitude mm n/a See
peak-to-peak IEC 61291
Enyironmental -5-2
anf reliability Duration s n/a See
pprameters IEC 61291
-5-2
Storage temperature °C See See
IEC 61291 | IEC 61291
-5-2 -5-2
Maximum storage % n/a See
relative humidity HEC 61291
-5-2
Maximum Drop height mm n/a See
shock IEC 61291
severity, -5-2
free drop

ither output power range, gain, or both shall be stated.

B
b Hither input reflectance or return loss shall be specified.
T

ransient parameters are applicable to OFA modules with output power control.
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Table 4 — Minimum relevant parameters for pre-amplifiers based
on SOA components specified for single channel applications

Parameters Unit Minimum Maximum IEC test method
values values
IEC 61290-1
Input power range dBm :
series
IEC 61290-1
b
Output power range dBm series
IEC 61290-1
inb
Gain dB n/a series
Saturation output power dBm n/a IEC. 6129Q]
series
Wavelength band nm IEC§1200-1
sefies
Gain ripple dB n/a -C 61290-1
series
Signal-spontaneous noise figure dB n/a lECf 61290-3
Transmission series
chafacteristics? _
Polarization dependent gain dB n/a IEC. 61290-1
series
Forward amplified spontaneous IEC 61290-3
L dBm n/a :
emission power level series
Reverse amplified spontaneous IEC 61290-3
L dBm n/a f
emission power level series
Input reflectance dB n/a IEC 61290-5
series
Maximum reflectance tolerable IEC 61290-5
. dB n/a f
at input series
Maximum reflectance tolerable IEC 61290-5
dB n/a g
at output series
Maximum total output-power dBm n/a IEC. 61290-1
series
Operating temperature °C
Max!mum operating relative % n/a
humidity,
Range of H
; z
Maximum | frequencies
o_pera_tmg Amplitude
vibration mm n/a
. peak-to-peak
) severity
Enyironmehtal Durati /
anf reliability uration s n’a
parameters® Storage temperature °C
Maximum storage o
relative humidity % n/a
Maximum
ShOCk. Drop height mm n/a
severity,
free drop
Failure rate FIT n/a
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Parameters Unit Minimum Maximum IEC test method
values values
Forward current mA
Forward bias voltage \%
Gain peak wavelength nm
cg:zirtai:::gd TEC current A
TEC voltage \%
Thermistor resistance Q
Thermistor constant

[w]

etailed information about SOA characteristics for saturation output power, gain, gain ripple, signal-
pontaneous noise figure, polarization dependent gain, maximum total output power, and operating
pnditions are described in IEC TR 61292-9.

QW0

ither output power range, gain, or both shall be stated.

=
Tlhere are no IEC publications specifying reliability parameters for SOAs. The reliability of laser modul
addressed in IEC TR 62572-2, and reliability parameters for laser modules are specified/in IEC 62572-3.

Qperating conditions of a TEC and thermistor are commonly specified in IEC 6214953, which is a
performance standard for modulator-integrated laser diode transmitters for 40+Gbit/s fibre optic transmis
systems .

Bs is

Bion

6

The following templates contain a minimum set of performance parameters to be includ
specffications for OFA components and modules (see Table 5) and SOA compo
(see[Table 6) used as line amplifiers in singlesxchannel applications. These tables in
specfification criteria (in terms of the maximum.values, minimum values or both) and refere

Rerformance specification templates for line,amplifiers

ed in
nents
clude
nces

to tthorresponding standards describing,the test methods. Note that the list of the minimum

para
are currently commercialized in the form of a package, such as a butterfly-type package, V
contgins only the SOA.

eters for SOAs (see Table 6) covers*SOA components only, because most SOA pro

Hucts
vhich
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modules using active fibre specified for single channel applications

Parameters Unit Minimum Maximum IEC test method
values values
Input power range dBm IEC 61290-1
series
Output power range? dBm IEC 61290-1
series
Gain? dB IEC 61290-1
series
Saturation output power dBm n/a IEC 61290-1
series
Wavelength band nm IEC61290-1
sefies
Signal-spontaneous noise figure dB n/a IEC 61290-3
series
Polarization dependent gain dB n/a IEC 61290-1
series
Forward amplified spontaneous dBm n/a IEC 61290-3
Lo emission power level series
Transmission
chgracteristics Reverse amplified spontaneous dBm n/a IEC 61290-3
emission power level series
Input reflectance dBP n/a IEC 61290-5
series
Return loss daBP n/a IEC 61290-3
series
Maximum reflectance tolerable dB n/a IEC 61290-5
at input series
Maximum reflectance tolerable dB n/a IEC 61290-5
at output series
Pump leakage to input dBm n/a IEC 61290-6-1
Pump leakage te'output dBm n/a IEC 61290-6-1
Maximum tatal output power dBm n/a IEC 61290-1
series
Polarization mode dispersion ps n/a IEC 61290-11
series
Transient power/gain response dB n/a IEC 61290-4-3
Transient power/gain response S n/a IEC 61290-4-3
[ransient time
pgrameters® Transient power/gain dB n/a IEC 61290-4-3
overcompensation response
Steady state power/gain offset dB n/a [EC 61290-4-3
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Parameters Unit Minimum Maximum IEC test method
values values
Operating temperature °C See See
IEC 61291 | IEC 61291
-5-2 -5-2
Maximum operating relative % n/a See
humidity IEC 61291
-5-2
Maximum Range of Hz See See
operating frequencies IEC 61291 | IEC 61291
vibration -5-2 -5-2
severity
Amplitude mm n/a See
peak-to-peak IEC 61291
Enyironmental -5-2
a“E reliability Duration s n/a See
pprameters IEC 61291
-5-2
Storage temperature °C See See
IEC 61291 | IEC 61291
-5-2 -5-2
Maximum storage % n/a See
relative humidity HEC 61291
-5-2
Maximum Drop height mm n/a See
shock IEC 61291
severity, -5-2
free drop
a8 Hither output power range, gain, or both shall be stated.
b Hither input reflectance or return loss shall be specified.
¢ Tlransient parameters are applicable to OFA modules with output power control.
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Table 6 — Minimum relevant parameters for line amplifiers based
on SOA components specified for single channel applications

Parameters Unit Minimum Maximum IEC test method
values values
Input power range dBm IEC 61290-1
series
Output power range® dBm IEC 61290-1
series
GainP dB n/a IEC 61290-1
series
Saturation output power dBm n/a IEC 61290-1
series
Wavelength band nm IEC61290-1
sefies
Gain ripple dB n/a IEC 61290-1
series
Signal-spontaneous noise figure dB n/a IEC 61290-3
series
Trinsm|§5|.ona Polarization dependent gain dB n/a IEC 61290-1
chafacteristics f
series
Forward amplified spontaneous dBm n/a IEC 61290-3
emission power level series
Reverse amplified spontaneous dBm n/a IEC 61290-3
emission power level series
Input reflectance dB n/a IEC 61290-5
series
Maximum reflectance tolerable dB n/a IEC 61290-5
at input series
Maximum reflectance tolerable dB n/a IEC 61290-5
at output series
Maximum total output power dBm n/a IEC 61290-1
series
Polarization.mode dispersion ps n/a IEC 61290-11{1
Operating-temperature °C
Maximum operating relative % n/a
humidity
Maximum | Range of Hz
operating | frequencies
vibration -
severity Amplitude mm n/a
peak-to-peak
Enyironmental Durati /
anfréliability uration s na
parameters Storage temperature °C
Maximum storage % n/a
relative humidity
Maximum | Drop height mm n/a
shock
severity,
free drop
Failure rate FIT n/a
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Parameters Unit Minimum Maximum IEC test method
values values
Forward current mA
Forward bias voltage \%
Peak wavelength nm
cg:zirtai:::gd TEC current A
TEC voltage \%
Thermistor resistance Q
Thermistor constant

[w]

etailed information about SOA characteristics for saturation output power, gain, gain ripple;~si
pontaneous noise figure, polarization dependent gain, maximum total output power, and operatingycondi
re described in IEC TR 61292-9.

QD 0

ither output power range, gain, or both shall be stated.

=
Tlhere are no IEC publications specifying reliability parameters for SOAs. The reliability of laser modul
addressed in IEC TR 62572-2, and reliability parameters for laser modules are specified/in IEC 62572-3.

jnal-
ions

Bs is

Qperating conditions of a TEC and thermistor are commonly specified in IEC'62149-3, which coverg the
performance standard for modulator-integrated laser diode transmitters for 40-Gbit/s fibre optic transmigsion
systems.

7 Electromagnetic compatibility (EMC) requirements

The devices and assemblies addressed by this dacument shall comply with the emigsion

requirements specified in IEC 61000-6-3 and ,with the immunity requirements specifig¢d in

IEC 61000-6-1. Other EMC requirements are standardized in the IEC 61000 series.

The devices and assemblies addressed by this document shall be classified into the approg
laser|class as covered in IEC 60825-1.

laser safety requirements

riate
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

AMPLIFICATEURS OPTIQUES -

Partie 2: Applications a un seul canal -
Modéle de spécifications de performances

AVANT-PROPOS

1) LalCommission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisatign"comjposée
de| 'ensemble des comités électrotechniques nationaux (Comités nationaux de P'IEC). L’IECya pour| objet
de|favoriser la coopération internationale pour toutes les questions de normalisation dans les donpaines
de|l’électricité et de I'électronique. A cet effet, '|EC — entre autres activités — publie des Nonmes internationales,
dep Spécifications techniques, des Rapports techniques, des Spécifications accessiblés¥au public (PAS) et
dep Guides (ci-aprés dénommeés "Publication(s) de I'l[EC"). Leur élaboration est confiée,a’des comités d’éfudes,

2)

3)

4)

5)

6)
7)

8)

9)

au

internationales, gouvernementales et non gouvernementales, en liaison avec¢)I'lEC, participent égal

au

dep conditions fixées par accord entre les deux organisations.

Lep décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la nj
dulpossible, un accord international sur les sujets étudiés, étant donné/que les Comités nationaux de
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travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organi

travaux. L’'IEC collabore étroitement avec I'Organisation Internationale "de” Normalisation (ISO),

dressés sont représentés dans chaque comité d’études.

5 Publications de I'lEC se présentent sous la forme de reco@mmandations internationales et sont ag
mme telles par les Comités nationaux de I'l[EC. Tous les_€fforts raisonnables sont entrepris afin qug
ssure de I’exactitude du contenu technique de ses Publications; I'lEC ne peut pas étre tenue respo
I’éventuelle mauvaise utilisation ou interprétation qui ennest faite par un quelconque utilisateur final.

ns le but d’encourager I'uniformité internationale, fes” Comités nationaux de I'lEC s’engagent, dans
mesure possible, a appliquer de fagon transparentédes Publications de I'|EC dans leurs publications nati
régionales. Toutes divergences entre toutesxRublications de I'lEC et toutes publications national
ionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

EC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indéper
rnissent des services d’évaluation de* conformité et, dans certains secteurs, accédent aux m4g
conformité de I'lEC. L'IEC n’est responsable d’aucun des services effectués par les organismes de certifi
épendants.

cune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou manda
ompris ses experts particuliers et les membres de ses comités d’études et des Comités nationaux de

na

défoulant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de]
oulau crédit qui lui\est accordé.

ur tout préjudice cause\en cas de dommages corporels et matériels, ou de tout autre dommage de q
ure que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dép

us les utilisateurs doivent s’assurer qu’ils sont en possession de la derniére édition de cette publication.

tions
ement
selon

esure
I'EC
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I'EC
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nales
es ou
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aires,
I'lEC,
elque
enses
I'lEC,

L’'gttention est attirée sur les références normatives citées dans cette publication. L’utilisation de publidations

référencées'est obligatoire pour une application correcte de la présente publication.

L’'gttention‘est attirée sur le fait que certains des éléments de la présente Publication de I'l[EC peuvent faire
de| dfoits"de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels
de|propriété et averti de leur existence.

I'objet
droits

L'IEC 61291-2 a été établie par le sous-comité 86C: Systémes et dispositifs actifs a fibres
optiques, du comité d’études de I'lEC 86: Fibres optiques. Il s’agit d'une Norme internationale.

Cette cinquiéme édition annule et remplace la quatriéme édition parue en 2016. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) les méthodes d’essai pour l'ondulation du gain dans le Tableau 2, le Tableau 4 et
le Tableau 6 font maintenant référence a la série IEC 61290-1;

b) la définition de SOA (3.1.3) fait maintenant référence a I'lEC 61931.
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Le texte de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote
86C/1849/FDIS 86C/1858/RVD

2023

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a son approbation.

La langue employée pour I’élaboration de cette Norme internationale est 'anglais.
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irectives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponibjes
iec.ch/members_experts/refdocs. Les principaux types de documents déweloppés
sont décrits plus en détail sous www.iec.ch/publications.

ificateurs optiques, se trouve sur le site web de I'lEC.

mité a décidé que le contenu de ce document ne sera pas modifié avant la date de stg
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INTRODUCTION

Le présent document est consacré au domaine des amplificateurs optiques. La technologie
des amplificateurs optiques se développe encore rapidement, de sorte que des amendements
et de nouveaux ajouts au présent document sont a prévoir. Chaque abréviation introduite
dans le présent document est en général expliqguée dans le texte la premiere fois ou
elle apparait. Cependant, pour faciliter la compréhension de I'’ensemble du texte, une liste
de toutes les abréviations utilisées dans le présent document est donnée a I'Article 3.
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AMPLIFICATEURS OPTIQUES -

Partie 2: Applications a un seul canal -
Modeéle de spécifications de performances

1 Domaine d’application

2023

La p

appli
Les 4

L’obj
et/ou
dans

une morme de performances ou une spécification de produit peut inclure d’autres paramé
ue des valeurs assignées, des conditions de fonctionnement, 'des essais et des criteres

tels ¢
de s

Pour
des g
sans

2 F

Les ¢
de Iq
I'édit

de référence s’applique (y compris_les éventuels amendements).

IEC 60825-1, Seécurité des,.appareils a laser — Partie 1: Classification des matérie

exigg

IEC 61000-6-1, Compatibilité électromagnétique (CEM) — Partie 6-1: Normes génériqu

Norm

IEC ¢
Norm

résente partie de I'lEC 61291 fournit un modéle de spécifications de performg
Cable aux amplificateurs optiques (AO) utilisés dans le cadre d’applications a un-seul
pplications multicanaux sont couvertes dans I'lEC 61291-4.

bctif de ce modele est de fournir un cadre pour I’établissement de normes de perform4d
de spécifications de produit définissant les performances des dispositifs AO ut
le cadre d’applications a un seul canal. En plus des exigences spécifiées dans ce mo

cces/défaillance.

une application particuliere, les rédacteurs de spécifications de produit peuvent aj
arametres de spécification et/ou des groupes de paramétres de spécification a ce mo
supprimer les parameétres spécifiés dans le présent\document.

Références normatives

ocuments suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou [
ur contenu, des exigences du présent document. Pour les références datées,
on citée s’applique. Pour les références non datées, la derniére édition du docu

nces

e d’immunité pour les environnements résidentiels, commerciaux et de l'industrie 1é(

1000-6-3,“Compatibilité électromagnétique (CEM) — Partie 6-3: Normes génériqu
e surJld’eémission pour les environnements résidentiels

IEC §1290-1 (toutes les parties), Amplificateurs optiques — Méthodes d’essai — Pai

nces
canal.

nces
lisés
dele,
tres,

buter
dele,

artie
seule
ment

s et

es —

yére

es —

tie 1:

Paramétres de puissance et de gain

IEC 61290-3 (toutes les parties), Amplificateurs optiques — Méthodes d’essai — Partie 3:
Parametres du facteur de bruit

IEC 61290-4-3, Amplificateurs optiques — Méthodes d’essai — Partie 4-3: Parametres de
puissance transitoire — Amplificateurs optiques monocanaux commandés par la puissance de
sortie

IEC 61290-5 (toutes les parties), Amplificateurs optiques — Méthodes d’essai — Partie 5:
Paramétres de réflectance

IEC 61290-6-1, Amplificateurs a fibres optiques — Spécification de base — Partie 6-1: Méthodes
d’essai pour les paramétres de fuite de pompe — Démultiplexeur optique
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IEC 61290-11 (toutes les parties), Amplificateurs optiques — Méthodes d’essai — Partie 11:
Parametre de dispersion du mode de polarisation

IEC 61291-1, Amplificateurs optiques — Partie 1: Spécification générique

IEC 61291-5-2, Amplificateurs optiques — Partie 5-2: Spécifications de qualification —
Qualification de fiabilité pour amplificateurs a fibres optiques

IEC TS 62538:2008, Categorization of optical devices (disponible en anglais seulement)

3 Termes, définitions et abréviations

3.1 Termes et définitions

Pour|les besoins du présent document, les termes et définitions donnés dansJI'IEC 612P1-1,
'IEC|TS 62538 ainsi que les suivants s’appliquent.

NOTE| D’éventuelles définitions supplémentaires spécifiques aux AO pour les applications a un seul canal pguvent
étre fqurnies dans les spécifications de produit.

3.1.1
amplificateur optique
AO
dispgsitif & guide d’ondes optique composé d’'un milieu actif pompé de maniére adéquate,
capaple d’amplifier un signal optique

[SOYRCE: IEC TR 61931:1998, 2.7.75]

3.1.2
amplificateur a fibres optiques
OFA
ampllficateur optique constitué d’'une, fibre optique active dopée avec des ions de terres rpres,
ou présentant des effets optiques non linéaires afin d’obtenir une amplification optique

3.1.3
amplificateur optique aisemiconducteur
SOA
ampl|ficateur optique dans lequel le guide d’ondes optique actif est constitué d’'une structure
diode laser a semiconducteur et pompé électriquement

Note 1 a I'articlé: ) La structure de ces amplificateurs est similaire a celle des diodes laser Fabry-Perot, mai$ avec
des é|éments~de conception antiréfléchissement au niveau des surfaces d’extrémité. Le signal est amplifié par
le phénoméne 'd’émission stimulée dans le milieu amplificateur.

[sou

3.14

élément optique

unité optique de base non emballée ou partiellement emballée, ne pouvant généralement pas
étre réparée ou refagonnée (au moins par les utilisateurs)

Note 1 a l'article: Les puces laser ou les diodes laser, les photodiodes, les lentilles, les prismes, les collimateurs
optiques, les puces de réseau et les puces de filtre sont des exemples d’éléments optiques.

[SOURCE: IEC TS 62538:2008, 2.2.1]
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composant optique
unité emballée comprenant au moins un élément optique, ne pouvant généralement pas étre
réparé ou refagonné (au moins par les utilisateurs), convenablement équipée d’une fibre
amorce ou connectorisée

2023

Note 1 a l'article: Les lasers emballés, les photodiodes, les répartiteurs optiques, les coupleurs, les atténuateurs,
les isolateurs, les MEMS et les modulateurs sont des exemples de composants optiques.

[SOURCE: IEC TS 62538:2008, 2.2.2]

3.1.6

module optique

intégration emballée de composants et/ou éléments optiques, ayant une fonctionnalité.définie,
généfralement réparable et refagconnable

Note 1 a I'article: Un module optique peut inclure des composants électroniques.

Note 4 a l'article: Un module optique est destiné a étre utilisé tel quel; les utilisateurs” ne sont normalement
pas aydtorisés a réorganiser les composants internes ou a en rajouter.

[SOURCE: IEC TS 62538:2008, 2.2.5]

3.1.7

composant OFA

composant optique a fibre amorce, qui se compose d’ufy milieu amplificateur a base de fibres
comme une fibre dopée a I'erbium, d’un ou plusieurs isolateurs optiques, de coupleurs optiques
pour fle sélecteur de longueur d’onde ou le contréleurde puissance, d’un emballage et de fibres
Note 1 a I'article:  Un composant OFA peut inclure un filtre optique, comme un filtre d’égalisation de gain ou up filtre
de réjection ASE, et éventuellement d’autres composants:

3.1.8

modlle OFA

modyle optique a fibre amorce, constitué d’'un composant OFA, d’un ou plusieurs composants
de lager de pompage avec un circuit de contréle, d’'un ou plusieurs composants de photodiode

de s

3.1.9

rveillance avec un circuit-de contréle et un circuit de commande

élémlent SOA

élément optique d’'un SOA qui se compose d’'une puce de semiconducteur

3.1.10

composant.SOA

composant optique a fibre amorce, constitué d’'un élément SOA, de lentilles, d’'un ou plusfeurs
isolajedrs optiques (le cas échéant), d’'un refroidisseur optique (TEC), d’une thermist+nce,
d’un bmballage-et defibres

3.2 Abréviations

CEM compatibilité électromagnétique

AO amplificateur optique

OFA amplificateur a fibres optiques (optical fibre amplifier)

SOA amplificateur optique a semiconducteur (semiconductor optical amplifier)

TEC refroidisseur thermoélectrique (thermoelectric cooler)


https://iecnorm.com/api/?name=88273ba10265c4fc36e46dba3a6e23f0

IEC 61291-2:2023 © |IEC 2023 - 29 —

4 Modéles de spécifications de performances pour amplificateurs
de puissance

Les modéles suivants contiennent un ensemble minimal de paramétres de performances
ainclure dans les spécifications des composants ou modules OFA (voir Tableau 1) et
des composants SOA (voir Tableau 2) utilisés comme amplificateurs de puissance
dans applications a un seul canal. Les tableaux comprennent des critéres de spécification
(en ce qui concerne les valeurs maximales, les valeurs minimales ou les deux) et
des références aux normes correspondantes décrivant les méthodes d’essai. Noter que la liste
des parametres minimaux pour les SOA (voir Tableau 2) couvre uniquement les composants
SOA, car la plupart des produits SOA sont actuellement commercialisés sous la forme

d’un poitier, de type butterfly par exemple, contenant uniquement le SOA.
Tableau 1 — Parameétres minimaux applicables pour les amplificateurs
de puissance basés sur des composants ou modules OFA utilisant
une fibre active spécifiée pour des applications a un seul cahal
N i Valeurs Valeurs Méthode d’esshi de
Paramétres Unité L . )
minimales | maximales I'IEC
Plage de puissances d’entrée dBm Série IEC 61290-1
Plage de puissances de sortie? dBm Série IEC 61290-1
Gain? dB Série IEC 61290-1
Bande de longueur d’onde nm Série IEC 61290-1
Facteur de bruit dB NA Série IEC 6129(Q-3
signal/émission spontanée
Gain en fonction de la dB NA Série IEC 61290-1
polarisation
Niveau de puissance de dBm NA Série IEC 6129(Q-3
L I’émission spontanée en
Caragtéristiques |amplification inverse
de tfansmission
Réflectance d’entrée® dB NA Série IEC 61290-5
Affaiblissement de ‘réflexion® dB NA Série IEC 61290-3
Réflectance maximale dB NA Série IEC 6129(Q-5
tolérable a I'entrée
Réflectance*maximale dB NA Série IEC 6129(Q-5
tolérable)a la sortie
Fuite-de pompage en entrée dBm NA IEC 61290-6-1
Euite de pompage en sortie dBm NA IEC 61290-6-1
Puissance de sortie totale dBm NA Série IEC 61290-1
maximale
Température de °C Voir IEC 612 | Voir IEC 612
fonctionnement 94-5-2 94-5-2
Humidité relative maximale en % NA Voir IEC 612
fonctionnement 91-5-2
Sévérité Plage de Hz Voir IEC Voir IEC 612
N maximale de fréquences 61291-5-2 91-5-2
Parametres de |yiprations en
fiabilité et fonctionnement |Amplitude mm NA Voir IEC 612
environ- créte a créte 91-5-2
nementaux
Durée s NA Voir IEC 612
91-5-2
Température de stockage °C Voir IEC 612 | Voir IEC 612
91-5-2 91-5-2
Humidité relative maximale de % NA Voir IEC 612
stockage 91-5-2
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