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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL AMPLIFIERS -
Part 6: Distributed Raman amplification

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization cc mpricing
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote intern. tion.!
co-operation on all questions concerning standardization in the electrical and electronic fields. To this =na »nd
in addition to other activities, IEC publishes International Standards, Technical Specifications, Te chn.~al k. »orts,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Public: '‘on(<"}. Their
preparation is entrusted to technical committees; any IEC National Committee interested in the sub). <t dealt with
may participate in this preparatory work. International, governmental and non-governmental ¢ ‘ganizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the Internationyl Organization for
Standardization (ISO) in accordance with conditions determined by agreement betweer the o' organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly ¢ = po: ible, an international
consensus of opinion on the relevant subjects since each technical committe= ha. r:presentation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and < e accepted by IEC National
Committees in that sense. While all reasonable efforts are made to" =2ns ure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the wc/ ‘.oowhich they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National. Comm. ‘eec undertake to apply IEC Publications
transparently to the maximum extent possible in their national ~nd . ~gional publications. Any divergence between
any IEC Publication and the corresponding national or regional . uiblication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity Ind pendent certification bodies provide conformity
assessment services and, in some areas, access to IEC 1..=.ks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the lates* ed.‘ion f this publication.

No liability shall attach to IEC or its directors; eiapluyees, servants or agents including individual experts and
members of its technical committees and..ev ‘Nawvonal Committees for any personal injury, property damage or
other damage of any nature whatsueve. ~whi ther direct or indirect, or for costs (including legal fees) and
expenses arising out of the publicati>n, «ce of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Norm~tive - ferences cited in this publication. Use of the referenced publications is
indispensable for the correct ‘ipr.cation of this publication.

Attention is drawn to the g ssib..ily that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be helu responsible for identifying any or all such patent rights.

IEC TR 61292-6 has heen prepared by subcommittee 86C: Fibre optic systems and active
devices, of IEC*echnicc! committee 86: Fibre optics. It is a Technical Report.

This seconcu eaition cancels and replaces the first edition published in 2010. This edition
constitutes a technical revision.

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

a) correction of the formula for noise figure;

b) correction of errors in Figure 10.
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The text of this Technical Report is based on the following documents:

Draft Report on voting

86C/1822/DTR 86C/1831/RVDTR

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

The language used for the development of this Technical Report is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and develape in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, ava'ab.»
at www.iec.ch/members_experts/refdocs. The main document types developed by IZC ure
described in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts of the IEC 61292 series, published under the general title Oy tical amplifiers,
can be found on the IEC website.

The committee has decided that the contents of this document will re=aii. »achanged until the
stability date indicated on the IEC website under webstore.iec.chi in ti e data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside"” loao ~1. the cover page of this document indicates that it
contains colours which are consicer.d to be useful for the correct understanding of its
contents. Users should therefore rii.* t'.is document using a colour printer.
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INTRODUCTION

Distributed Raman amplification (DRA) describes the process whereby Raman pump power is
introduced into the transmission fibre, leading to signal amplification within the transmission
fibre though stimulated Raman scattering. This technology has become increasingly widespread
in recent years due to many advantages that it offers to optical system designers, including
improved system optical signal-to-noise ratio (OSNR) and the ability to tailor the gain spectrum
to cover any or several transmission bands.

A fundamental difference between distributed Raman amplification and amplification using
discrete amplifiers, such as erbium-doped fibre amplifiers (EDFAs), is that the latter can be
described using a black box approach, while the former is an inherent part of the transmicsion
system in which it is deployed. Thus, a discrete amplifier is a unique and separate eleme. t w.th
well-defined input and output ports, allowing rigorous specifications of the &ampifier
performance characteristics and the methods used to test these characteristics. Or. the other
hand, a distributed Raman amplifier is basically a pump module, with the actual '« mpu.fication
process taking place along the transmission fibre. This means that many of the pe: formance
characteristics of distributed Raman amplification are inherently coupled to ti e transmission
system in which a Raman amplifier is deployed.

This document provides an overview of DRA and its applications. I <'so provides a detailed
discussion of the various performance characteristics related to DR, ¢5 well as some of the
methods that can be used to test these characteristics. Information is aiso provided on some of
the operational issues related to the distributed nature of the ¢ mlification process, such as the
sensitivity to transmission line quality and eye-safety.

The material provided is intended to provide a basis for future development of specifications
and test method standards related to DRA.
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OPTICAL AMPLIFIERS -

Part 6: Distributed Raman amplification

1 Scope

This part of IEC 61292, which is a Technical Report, relates to distributed Raman amplificatior
(DRA). Its main purpose is to provide background material for future standards related to ORA,
such as specifications, test methods and operating procedures. This document covuors the
following aspects:

— general overview of Raman amplification;

— applications of DRA;

— performance characteristics and test methods related to DRA;

— operational issues relating to the deployment of DRA.

As DRA is a relatively new technology, and still rapidly evolving, come of the material in this

document can become obsolete or irrelevant in a fairly short period ¢ tizie. This document will
be updated frequently to minimize this possibility.

2 Normative references

There are no normative references in this documer..

3 Terms, definitions, and abbreviate1 terms

3.1 Terms and definitions

No terms and definitions are listed in .>i2 document.

ISO and IEC maintain terminolug cal databases for use in standardization at the following
addresses:

e |EC Electropedia:zvai'able at https://www.electropedia.org/

e |SO Online browsino platform: available at https://www.iso.org/obp
3.2 Abbhreriated terms

For the purpcres of this document, the following abbreviated terms apply.

ATR automatic power reduction

1CF dispersion compensating fibre

DOF degree of polarization

DRA distributed Raman amplification

DRB double Rayleigh backscattering
DWDM dense wavelength division multiplexing
EDFA erbium-doped fibre amplifier

ESA electrical spectrum analyzer

FBG fibre Bragg grating

FWHM full width half maximum
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