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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SINGLE-MODE FIBRE COMPATIBILITY GUIDELINES

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
|nternat|ona| co- operatlon on all questlons concerning standardlzatlon in the electrical and electronlc erldS To

this cations,
Tech |ca| s “IEC
Publ interested
in t nhd non-
govefnmental organizations liaising with the IEC also participate in this preparati closely
with |the International Organization for Standardization (ISO) in accordance ined by
agre¢ment between the two organizations

2) The formal decisions or agreements of IEC on technical matters express, @s nea national
consensus of opinion on the relevant subjects since each technica from all
inter¢sted IEC National Committees.

3) IEC National
Com t of IEC
Publ for any
misirjterpretation by any end user

4) In order to promote international uniformi lications
tran iergence
betw| cated in
the |

5) IEC for any
equif

6) Allu

7) No li € erts and
mempers of its technical co mage or
otheq damage of any es) and
expehses arising her IEC
Publications.

8) Attenti Btions is
indis

9) Attenti some of the elements of this IEC Publication may be the sdibject of
pate esponsible for identifying any or all such patent rights.

The mai > € technical committees is to prepare International Standards. Howgver, a

technig N§ gy propose the publication of a technical report when it has cqllected

data of i ind from that which is normally published as an International Standard, for
examp

IEC 62000 which is a technical report, has heen prpparpd hy subcommittee 86A: Fibres and

cables, of IEC technical committee 86: Fibre optics.

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

Enquiry draft Report on voting
86A/1022/DTR 86A/1026/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
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

* reconfirmed;

* withdrawn;

* replaced by a revised edition, or
*+ amended.

A bilingual version of this publication may be issued at a later date.

@%
&
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SINGLE-MODE FIBRE COMPATIBILITY GUIDELINES

1 Scope

This technical report provides guidelines indicating the items that should be taken into

account when planning to connect

a) different _implementations of single-mode fibres of the same type,

e.g. different

impglementations of type B single-mode fibres, and

b) single-mode fibres of different types, e.g. B1.1 with B4.

See IEC 60793-2-50 for the attributes and definitions of sing fes, S arjsed in
Table {1 below.

A givep type of single-mode fibre, for example B4, plementatipns by
suitably optimising several of the following paramete fective

area), ¢
off way

IEC
category/
type

Comrnon name

le cut-

ITU-T

Recommendation

Dispersiqn unshifted Mse i 3 but can be
single-mgde fibre 1550 n(n\r\glo
Cut-off shifted mlsed w lo 50 nm region, with cut B1.2 G.6p4
single-m¢de fibre (\\91‘1‘ velen fted e 1310 nm region
Extended band te 0 extend t e of possible transmission B1.3 G.652|C, D
dispersion unshifted i and power budgets, to
single-m¢de fibre ove 1 360 nm and below
Dispersiqn shiftéd ingle channel transmission in the B.2 G.6p3
single-mede fibre fon. Multiple channels can only be
\ ransmitted if care is taken to avoid the effects of four
jxing by, for example, moderating the power
r appropriate spacing or placement of the
chgnnels
Non-zerd ptimised for multiple channel transmission in the B4 G.6p5
dispersionsshifted 1 550 nm region with a cut off wavelength that may be
single-modefibre shiftedabove the— 3 t0Tmmregion
Wideband Optimised for multiple channel transmission in the B5 G.656
non-zero dispersion- wavelength range of 1 460 nm — 1625 nm with the
shifted single-mode positive value of the chromatic dispersion coefficient
fibre that is greater than some non-zero value over the
same wavelength range.

NOTE The ITU-T recommendation references are for information. There can be slight variations in these
requirements due to the evolution of standards over time.

This technical report does not consider the connection of fibres with the same implementation
from different manufacturers, which is already considered by the standardisation procedure.
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2 Acronyms

For the purposes of this document, the following acronyms apply.

005(E)

OTDR: Optical Time Domain Reflectometer
PMD: Polarisation Mode Dispersion

DWDM: Dense Wavelength Division Multiplexing
NRZ: Non-Return to Zero

RZ: Return to Zero

3 Sylstem issues

The di
perforn
of the

coefficlent in a given wavelength range to bring the total

range.
measu

The pr|
one of
one be

link.

The final result will however depend on the a

Combining fibres with a different effecfive area I possible way to minimise the joverall
|mpacttTOf non-linear effects For msta ce, 0 place large effective area fipres in
jial section of a lin

the ini
large c
where

er is relatively large. In this ca
ts” For link sections away from the 5

se, the
ource,

wsmaller effective area may be used, fo take

advanthge of a pgssi ispersion slope or to increase the efficigncy of
Ramar ampI|f|c ’ and glacement of fibres with large effective afea vs.
fibres with smalleneffe | issues in system design.

Splice

loss cons

fibres

with different &

4.1

Differept\fibres have been historically developed for operation in different wavelength rfanges:
they can therefore have different cut-off wavelengihs. If the source wavelengih is below the
cut-off wavelength, undesirable multi-modal propagation could occur.

It is however to be considered that the cut-off wavelength is reduced after cabling and
installation. The amount of the reduction depends on the refractive index profile, i.e. on the
fibre type. If fibre cut-off wavelength is specified, it can be assumed that, after cabling and
installation, the cut-off will be down shifted by several tens of nanometers (depending on the
fibre type). Cable cut-off wavelength is therefore specified in individual standards. See
IEC 60793-2-50 and IEC 60793-1-44.

These considerations should be applied when connecting different fibre types, e.g. type B4
with B1, in order to avoid multimodal operation and noise, which could affect the system
performance, depending on the source wavelength.
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4.2 Splicing issues

The very different mode field diameter ranges for the different fibre categories in the family
specifications of 60793-2-50 have an effect on splice loss when fibres of different categories
are spliced together. Care must be taken to properly adjust splicing equipment and to
correctly evaluate the splicing losses among different fibre families, which can show very
large increases in comparison with conventional splice losses.

The optimal set-up parameters of fusion splicers are not the same for the different types of
fibres (e.g. B1 versus B4 fibres) or combinations of different implementations of fibres.

Another factor that has to be taken into account when using an OTDR to measure the splice
loss acressfibres—with-different-modefield-diametersisthat-the-bidirectonglmethed-isstrictly
requirgd. The mismatch of mode fields can make a splice appear to have much_ maore loss
from ohe direction than the other. Negative loss, or “gain” can also towith uni-
directignal OTDR measurements. See IEC TR 62316 for more informa

When psing an OTDR to measure the distance between splice ' i pf fibre
with different mode field diameters, the apparent distance ca dlf actual
distande because the group velocity for the different fibres » e tF curate
length measurements, the OTDR length calibration setting [ o to the

sectionl and type of fibre that is present.

4.3 Combination of fibre parameters: chromatic di j ici ]

The chromatic dispersion coefficients © g i inearly on a length-weighted
basis. |t is possible to combine different dchieve
the degired overall system chromatic dispe

When different fibre familie i i ibns for
the overall chromatic dispersi i \ ic di i ion, in jps/nm,
rather than considerin i SSi s such

as the gero-dispersi on pe are
not defjned for s

Sometimes the te 3t s with
different wavele gth depend i i i ici i %d: the

resulting dispe ighted
basis) pf the Ywo origi

Details can be
found |n IEC s is a

complgx proeess<that)requires the co-operation of the system designer, the cable sypplier,
and the maintenance’department of the operating company.

For polarization mode dispersion (PMDJ), the PMD values combine in quadrature (square root
of sum of squares) rather than in the linear fashion that is appropriate for chromatic
dispersion. Because PMD is a stochastic attribute, the link characteristics are defined
statistically. See IEC 60794-3 for information on the calculations for concatenations of cables
and IEC TR 61282-3 for information on the calculation for the combined link, including the
effects of other link components such as amplifiers. See IEC 61282-9 for more information on
PMD generalities and theory.

4.4 Non-linear effects

Non-linear effects come from the interactions of the propagating pulse with the transmission
medium that make the propagation sensitive to the channel optical power. They are generated
with an efficiency which is dependent on the concentration of energy in the fibre core
(therefore proportional to optical power and inversely proportional to effective area), and on
the distance over which the light is propagated.
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