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INTERNATIONAL ELECTROTECHNICAL COMMISSION
____________

FIBRE OPTIC COMMUNICATION SYSTEM DESIGN GUIDES –

Part 4: Accommodation and utilization of non-linear effects

FOREWORD
1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising

all national electrotechnical committees (IEC National Committees). The object of the IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, the IEC publishes International Standards. Their preparation is
entrusted to technical committees; any IEC National Committee interested in the subject dealt with may
participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. The IEC collaborates closely with the International Organization
for Standardization (ISO) in accordance with conditions determined by agreement between the two
organizations.

2) The formal decisions or agreements of the IEC on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical committee has representation
from all interested National Committees.

3) The documents produced have the form of recommendations for international use and are published in the form
of standards, technical specifications, technical reports or guides and they are accepted by the National
Committees in that sense.

4) In order to promote international unification, IEC National Committees undertake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

5) The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

6) Attention is drawn to the possibility that some of the elements of this technical report may be the subject of
patent rights. The IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example “state of the art”.

Technical reports do not necessarily have to be reviewed until the data they provide are
considered to be no longer valid or useful by the maintenance team.

IEC 61282-4, which is a technical report, has been prepared by subcommittee 86C: Fibre optic
subsystems and active devices, of IEC technical committee 86: Fibre optics.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting

86C/389/DTR 86C/446A/RVC

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
2010. At this date, the publication will be

• reconfirmed;

• withdrawn;

• replaced by a revised edition, or

• amended.
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FIBRE OPTIC COMMUNICATION SYSTEM DESIGN GUIDES –

Part 4: Accommodation and utilization of non-linear effects

1 General

1.1 Scope

This part of IEC 61282, which is a technical report, is intended to describe physically and
analytically non-linear effects in fibre optic systems, their impact on system performance, ways
of minimizing the effects or using them to advantage, and methods of measuring and
quantifying them. It contains some of ITU-T Recommendation G.663 [1]1 with additional
material. More details on applications are considered in [2] and networks in [3].

1.2 System trends leading to non-linear effects

The market demand for new advanced telecommunications services has driven the rapid
increase of system bandwidth, and, for some applications, longer system distances.

Greater bandwidth has been addressed in two ways. One way is by increasing the channel bit-
rate, accomplished with optoelectronic time-division multiplexing (TDM) and various types of
signal encoding. Another way is by increasing the number of channels, accomplished with
channel multiplexing, such as polarization division multiplexing or (more commonly) by dense
wavelength division multiplexing (DWDM). Bandwidth limitations of the optical fibre cable can
be overcome with various dispersion management techniques.

Longer distances, defined to be the optical path lengths between 3R regenerators, can be
achieved by two methods. One method is by increasing the span length, where a span is
defined to be the optical path between optical amplifiers (OAs). A longer span length may be
attained with fibre cable of lower attenuation coefficient and with fibre optic passive
components having lower loss. The span length may also be increased with increased
launched channel power from the output of the OA at the beginning of the span or with lower
allowed power at the input of the OA at the end of the span. Another method of increasing the
optical path length is to increase the number of spans. This increases the number of OAs, but
improvements can be limited by amplifier noise degradation.

There are a number of interactive trade-offs in system design. For example, increasing the bit-
rate reduces the span length by requiring higher received power or by requiring lower link
dispersion. The latter may be addressed by dispersion compensation, but this introduces
losses. Increasing the number of channels in DWDM systems also reduces span length due to
optical multiplexing and demultiplexing losses. The loss limitations of a span can be overcome
with OAs, but these introduce noise.

1.3 Optical amplifiers and non-linearities

An OA accepts a modulated signal at its input and emits an essentially identically shaped
signal at its output. However, the optical power is higher (desired), and there is some additional
noise (not desired). This technical report is concerned with the effects of higher power on the
fibre and the implications for system design. These non-linear effects are so-called because
they are not linearly proportional to launched power into the fibre or to the fibre length in either
absolute units or in dB units. They are affected primarily by characteristics of the optical signal
(power, optical spectrum, modulation, state of polarization), of the optical fibre (effective area,
effective length, gain coefficients, non-linear index, dispersion, dispersion slope, polarization
___________
1  Figures in square brackets refer to the bibliography.
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•  Aeff is the effective area of the fibre cross-section over which the integrated non-linear
interaction takes place. It can be slightly different (usually larger) than the area calculated
using the mode-field diameter (MFD) [4] because the field intensities are weighted
differently in the two calculations. The effective area ranges from above 85 µm2 for IEC
category B1 fibre, to about 60 µm2 for category B2 fibre, to below 25 µm2 for dispersion
compensating fibre (DCF). Smaller effective areas generally lead to larger non-linear
effects.

•  
α

αLeL
−−= 1

eff  is the effective length of fibre over which the integrated non-linear

interaction takes place. It equals the fibre length only for short fibre lengths over which no
significant attenuation has taken place, but is less than the full fibre length because of the
reduced non-linear power levels with distance. For long lengths this approaches α

1 , which

is approximately 12,4 km at 1 310 nm (for 0,35 dB/km) and 19,7 km at 1 550 nm (for
0,22 dB/km). These are the maximum distances over which non-linear effects occur;
beyond these, the power levels causing them are low and have diminishing effect.

•  y is the non-linear coefficient. If it is real and positive, it corresponds to a gain, or to a loss
if it is negative, and it is due to scattering of photons with phonons (mechanical vibrations in
the silica), producing heat. If it is imaginary, it is effectively a change in the phase index,
the Kerr effect. Both are discussed in some detail below.

2 Normative references

The following referenced documents are indispensable for the application of this document. For
dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments) applies.

IEC 60793-1 (all parts), Optical fibres – Part 1: Measurement methods and test procedures

IEC 60793-2 (all parts), Optical fibres – Part 2: Product specifications

IEC 61292-3, Optical amplifier technical reports – Part 3: Classification, characteristics and
applications of optical amplifiers1

3 Optical non-linearities based on scattering

3.1 General description of scattering

In modern low-loss silica fibre, the spectral attenuation coefficient is “linear” in the sense of
dB/km. Intrinsic absorption occurs mainly in the ultraviolet region below 500 nm, and in the
infrared region above 1 650 nm. The only significant “impurity” absorption that may exist in
some fibres is due to some “water” content that results in an absorption band beginning at a
wavelength as low as 1 360 nm, peaking at about 1 385 nm, and extending as high as
1 430 nm, depending upon the level of OH– ion in the fibre.

Otherwise, the dominant attenuation mechanism is Rayleigh scattering in which photons
change direction due to interacting with molecular density fluctuations in the silica. (Those that
scatter in other than the forward direction are “lost”. However, captured backward scattering is
the useful principle behind OTDRs.) In this elastic scattering, there is a change in the photon
momentum direction, but no energy transfer to other photon or to phonons, so the frequencies
(and wavelengths) of the input and output light are not changed.

___________
1  To be published.
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