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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDELINES FOR COMBINING DIFFERENT SINGLE-MODE-FIBRES-TYPES

9)

Thig redline version-of the official IEC Standard allows the user to identify the changes mag
brevious edition IEC TR 62000:2010. A vertical bar appears in the margin wherever a change
has|been made. Additions are in green text, deletions are in strikethrough red text.

the

FIBRE SUB-CATEGORIES

FOREWORD

| national electrotechnical committees (IEC National Committees). The object of IEC is to promote internaf
b-operation on all questions concerning standardization in the electrical and electronic fields. To this eng
addition to other activities, IEC publishes International Standards, Technical Specifications, Techni¢al Rej
ublicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)").
Feparation is entrusted to technical committees; any IEC National Committee interested in the.subject deal
ay participate in this preparatory work. International, governmental and non-governmental prganizations lig
ith the IEC also participate in this preparation. IEC collaborates closely with the International Organizatidg
tandardization (ISO) in accordance with conditions determined by agreement between the two organizatio

he formal decisions or agreements of IEC on technical matters express, as nearlyfas-possible, an internaf
bnsensus of opinion on the relevant subjects since each technical committee~has representation fro
terested IEC National Committees.
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=

EC Publications have the form of recommendations for international use and are accepted by IEC Na
ommittees in that sense. While all reasonable efforts are made to ensure that the technical content o
ublications is accurate, IEC cannot be held responsible for the W&y in which they are used or for
isinterpretation by any end user.

S 3 TVO

n order to promote international uniformity, IEC National Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in their national and regional publications. Any divergence bet
y IEC Publication and the corresponding national or regional publication shall be clearly indicated in the |

_ O =

FC itself does not provide any attestation of conformity. Ihdependent certification bodies provide confol
ksessment services and, in some areas, access to(}E€ marks of conformity. IEC is not responsible fo
ervices carried out by independent certification bodigs:

QD

Il users should ensure that they have the latestxedition of this publication.

o liability shall attach to IEC or its directors,;employees, servants or agents including individual expertg
embers of its technical committees and I[EC’ National Committees for any personal injury, property dama
her damage of any nature whatsoever;* whether direct or indirect, or for costs (including legal fees
kpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other
ublications.
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ttention is drawn to the Normyative references cited in this publication. Use of the referenced publicatiog
dispensable for the correct application of this publication.
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ttention is drawn to the pessibility that some of the elements of this IEC Publication may be the subject of p
ights. IEC shall not be-held responsible for identifying any or all such patent rights.
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IEC TR 62000 has been prepared by subcommittee 86A: Fibres and cables, of IEC technical
committee 86: Fibre optics. It is a Technical Report.

This third edition cancels and replaces the second edition published in 2010. This edition
constitutes a technical revision.

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

a) global uniformity of terminology concerning fibre classes, categories and sub-categories

throd |ghn| 1t the doct |mnnf;

b) dipdating and aligning to the new naming convention of IEC 60793-2-50 for class B*fibre
categories and sub-categories;

c) Ipdating and aligning with IEC 60793-2-50 as per supported fibre sub-categaries;

d) additional guidelines concerning combination of fibre parameters: chromati¢ dispersion|and

slope, polarization mode dispersion;
e) Idditional guidelines concerning non-linear affects;

f) Wpdating of bibliographical references.

The|text of this Technical Report is based on the following documents:

Draft Report.0n voting

86A/2114/DTR 86A/2129/RVDTR

Fulllinformation on the voting for its approval canbe found in the report on voting indicatgd in
the pbove table.

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

Thid document was drafted in accerdance with ISO/IEC Directives, Part 2, and developgd in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availpble
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC|are
desgribed in greater detail at www.iec.ch/standardsdev/publications.

The|committee has decided that the contents of this document will remain unchanged unti| the
stabjility date indicated on the IEC website under webstore.iec.ch in the data related to| the
speg¢ific document. At this date, the document will be
e feconfirmed,

e withdrawn,

o replaced by a revised edition, or

e amended.

IMPORTANT — The "colour inside™ logo on the cover page of this document indicates
that it 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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GUIDELINES FOR COMBINING DIFFERENT SINGLE-MODE-FIBRES-TYPES
FIBRE SUB-CATEGORIES

1 Scope

This document provides guidelines concerning single-mode fibre inter-compatibility.

A glven-type category of single-mode fibre, for example-B4 B-655,—-may can have diff:]rent
implementations by suitably optimising several of the following parameters: mode fielddiameter
(hence effective area), chromatic dispersion coefficient, slope of the chromatie_dispergion
curve, cable cut-off wavelength.

Thepe guidelines indicate the items that-should-be are taken into account.when planning to
connect

1) different implementations of single-mode fibres of the same-iype” category, for example
jifferent implementations of-type Class B single-mode fibres,/and
2) single-mode fibres of different-types sub-categories, for example-B4-4 B-652.B with-Bf# B-
$55.C.

See| IEC 60793-2-50 for the attributes and definitions of single-mode fibre. The attributes|and
defipitions of fibres covered in this document are givén)in Table 1.

Table 1 — Correspondence table of various single-mode fibres

Common-name U (IEC6079-2-50) IEC Class R tion
B2 G654
B1.3 G-652G,DB
B2 G653
B4 G655
B5 G656
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Common-name Use (IEC 6079-2-50) IECClass Recommendation
ol I - I
value-overthe-same-wavelength-range-
Bendloss-optimised | ponding loss-insensitive single-mode-fibre Bé—a GB57A
inside_buildi | " Ks. 8
SR s e ae e s R e e e e e o0
BA3-Hbres-
A\
. . L . . B6-b G 652Q§B\‘
. gF . 8 ncludi
inside_buildi | £ Ks- (]L\
distances-that-are-associated-with-in-building Q
Leomsserel ool
A
Q:O
Cémmon name Use (IEC 60793-2-50) | (g.lb-category ITU-T
N Recommendatjion
g a2
Dispersion Optimised for use in the 1 310 nm region but C\B-652.B G.652.B
un#ifted fibre can be used in the 1 550 nm region.
-
Extlended band Optimised for use in the 1 310 nm regi w B-652.D G.652.D
dispersion can be used inthe O, E, S, C and L- Q(i.e.
unghifted fibre throughout the 1 260 nm to 1 625 N nge).
(.\v
Dispersion Optimised for single channel tra %ssion in B-653.A G.653.A
shifted fibre the 1 550 nm region. Multiplﬁg\nels can
only be transmitted if care is taken to avoid
non-linear effects such a®&r wave mixing by,
for example, moderatingie power levels or B-653.B G.653.B
appropriate spacing oR‘Iacement of the
channels. xS
Cuf-off shifted Optimised for @hoss in the 1 550 nm region, B-654.A G.654.A
fibne with cut of] elength shifted above the
1310 nm ion. B-654.B G.654.B
@ N B-654.C G.654.C
C)O B-654.D G.654.D
<\ B-654.E G.654.E
N
Nomn-zero > Optimised for multiple channel transmission in B-655.C G.655.C
dispersion- O the 1 530 to 1 625 nm region with a positive or
shifted fibé negative, non-zero chromatic dispersion and a B-655.D G.655.D
cut off wavelength that can be shifted above 5055 E G o5 E
\g/ the 1 310 nm region. - . . .
Wideband non- Optimised for multiple channel transmission in B-656 G.656
zero dispersion- the wavelength range of 1 460 nm to 1 625 nm
shifted fibre with the positive value of the chromatic
dispersion coefficient that is greater than some
non-zero value over the same wavelength
range.
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Common name Use (IEC 60793-2-50) IEC sub-category ITU-T
Recommendation

Bending loss Bending loss insensitive single-mode fibre B-657.A1 G.657.A1
insensitive fibre suitable for use in the access networks,
including inside buildings at the end of these
networks.

B-657.A2 G.657.A2

They are suitable to be used in the O, E, S, C
and L-band (i.e. throughout the 1 260 nm to

1 625 nm range) and, in the case of

B-657.A1 and B-657.A2, meet the requirements | B-657.B3 G.657.B3
of B-652.D fibres.

Subcategories B-657.B2 and B-657.B3 fibres
are intended to be used for restricted distances
(less than 1 000 m) at the end of access
networks, in particular inside buildings

or near buildings (e.g. outside building riser
cabling).

B-657.B2 G.657.B2

Thi§ document does not consider the connection of fibres with the.'same—implementgtion
catdgory from different manufacturers, which is already considered-by the standardisgtion
progedure.

2 |Normative references

Thefe are no normative references in this document.

3 |Abbreviated terms

OTDR optical time domain reflectometer,
PMI

DWDM  dense wavelength division multiplexing

A4

polarization mode dispersion

NRZ4 non return to zero
RZ return to zero

4 [System issues

Theldifferent characteristics of class B-type optical fibres can be explicitly combined to optimise
sysfem performance in terms of the dispersion characteristic (global dispersion coefficignts,
slope) of the {ink. It is in fact possible to combine fibres with opposite signs of the dispersion
coefficient.in_a given wavelength range to bring the total link dispersion to near-zero in [that
range. The final result will however depend on the accuracy of individual fibre dispergion
medsutements and the ability to match lengths.

The process of combining fibres with different dispersion coefficient characteristics can be one
of the ways to make dispersion management in a transmission line (the most common one being
the periodical insertion of dispersion compensating modules).

Combining fibres with different effective areas is also a possible way to minimise the overall
impact of non-linear effects. For instance, it is possible to place large effective area fibres in
the initial section of a link, where the propagating power is relatively large. In this case, the
large core reduces the associated non-linear effects. For link sections away from the source,
where power levels are reduced, fibres with smaller effective area-may can be used, to take
advantage of a possible reduction of the dispersion slope or to increase the efficiency of Raman
amplification. The relative size and placement of fibres with large effective area versus fibres
with smaller effective area-are can be critical issues in-system design of the highest performing
optical networks.
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Splice loss considerations (see 5.3)-should can also be taken into account when fibres with
different effective areas or mode field diameter are combined.

5 Optical fibre issues

5.1 General

Most fibre characteristics are wavelength dependent: the actual operating wavelengths of the
system-shall need therefore to be taken into account when considering the following comments
and suggestions.

The|compatibility between fibre specified characteristics (e.g. attenuation and dispersion)|and
the pystem operating wavelength-must needs to be considered.

5.2 | Cut-off wavelength

Diffgrent fibres have been historically developed for operation in differept.wavelength ranges:
theyf can therefore have different cut-off wavelengths. If the source wavelength is below the|cut-
off wavelength, undesirable multi-modal propagation and modal noise{could occur.

H-sHould-howeverbe-considered-that The cut-off wavelength isThowever reduced after cabling
and|installation. The amount of the reduction depends on thedefractive 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 nanometres (depending onl the
fibrg type). Cable cut-off wavelength is therefore spécified in international standards. [See
IEC|60793-2-50 and IEC 60793-1-44.

Thepe considerations—sheuld need to be applied when connecting different fibre—types
catdgories, for example—type—B4—with-B1B-655 with B-652, in order to avoid multimpdal
opefation and noise, which could affect\the system performance, depending on the sofrce
wavelength. A launch from another single-mode fibre will typically serve as a mode filter which
can|significantly reduce or eliminate the potential for multimode transmission.

5.3 | Splicing issues

The| very different mode field diameter ranges, typical of the several fibre families, hav¢ an
effeft on splice losses when fibres of different categories are spliced together. Care-must ngeds
to be taken to property,adjust splicing equipment and to correctly evaluate the splicing logses
amdng different fibre—families categories, which can show increases in comparison with
conyentional same-category splice losses.

The| optimal-set-up parameters of fusion splicers are not the same for the different fypes
catdggoriess of fibre (e.g.—B4 B-652 versus—B6 B-657 fibres) or combinations of diffgrent

imﬂemema%ieﬂs categories of fibres.

Some-B6—b B-657.B3 fibres-may can cause difficulties with the core alignment systems of some
fusion splicing machines because the characteristics that provide improved bend loss
performance can interact with the splicer alignment field of view. Amended splice programs or
specialist fusion splicing technology has eliminated this problem on many fusion splicers. An
alternative and recommended approach is to use an outside diameter (OD) or cladding
alignment fusion splicing program as is generally used with multimode optical fibres. Since
recent advances in fibre manufacturing technology have resulted in improved fibre geometry —
with fibre core concentricity errors typically less than 0,5 ym —, the splice losses encountered
are usually—<—= less than 0,1 dB.

Another factor that has to be taken into account when using an OTDR to measure the splice
loss across fibres with different mode field diameters is that the bidirectional method is strictly
required. The mismatch of mode fields can make a splice appear to have much more loss from
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one direction than the other. Negative loss or "gain" can also be apparent with uni-directional
OTDR measurements. See IEC TR 62316 for more information.

When using an OTDR to measure the distance between splices of various sections of fibre with
different mode field diameters, the apparent distance can be different than the actual distance
because it is possible the group velocity for the different fibres—may is not-be the same. For
accurate length measurements, the OTDR length calibration setting-must needs to be adjusted
according to the section and type of fibre that is present.

Most of the previous considerations also apply to mechanical (temporary or permanent)
conpeetons-

5.4 | Combination of fibre parameters: chromatic dispersion coefficient and slopeé,
polarization mode dispersion (PMD)

The|chromatic dispersion coefficients of two fibres combine linearly on a length3iweighted basis.
It is| possible to combine different fibres or dispersion compensation devices to achieve| the
desired overall system chromatic dispersion values.

When different fibre families are combined, it is-recommended impgartant that the calculatjons
for ﬂhe overall chromatic dispersion be completed by using the ‘Chromatic dispersion of gach
secfion, in ps/nm, rather than considering the combination of (possibly misleading descriptive
pargmeters such as the zero-dispersion wavelength or stope. In fact, zero-dispergion
wavglength and slope are not defined for some fibre familiés.

Sometimes, the term "slope compensation" is found,\referring to a situation where fibres with
diffgrent wavelength-dependence of the chromaticdispersion coefficient are combined:| the
resylting dispersion vs. wavelength curve will be‘the linear combination (on a length weighted
basis) of the two original curves.

Details on dispersion accommodation and compensation and on slope compensation can be
found in IEC TR 61282-5.

For |polarization mode dispersien_(PMD), the PMD values combine in quadrature (square Jroot
of sim of squares) rather thanlin the linear fashion that is appropriate for chromatic dispergion.
Bechuse 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 TR 61282-9 for more information on FMD
generalities and theory.

5.5 Non-linear effects

Nontlinear effects come from the interactions of the propagating pulse with the transmispgion
meditm’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.

The local chromatic dispersion of the fibre also has an effect on the impairment due to non-
linear effects, depending on, for example, the channel density, bit rate, and modulation format.

See IEC TR 61282-4 for more information.

For high power DWDM systems operating at 10 Gb/s and higher, the local fibre chromatic
dispersion-shalt needs to be different than zero by an amount that is dependent on the details
of the system. The actual values of the optimal chromatic dispersion coefficient and effective
area for a given link section are a trade-off depending on the number of optical channels, the
powers of the channels in the section, the bit rate, and the modulation format (NRZ versus RZ).
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The global characteristic of hybrid links, obtained by the combination of different fibre-families
categories,-shalt need to be consistent with the initial link design considerations that take into
account the effects of overall distortion, optical signal to noise ratio and receiver sensitivity.

6 Launch fibres, pigtails, patch-cords and jumper cables

Generally, it is not necessary to adopt the same fibre-type sub-category in the pigtail as in the
fibre to be measured or connected into a system, for example taking attenuation, dispersion, or
PMD into account,-B43 B-652.D fibre-may can well be used for pigtails and patch-cords in a
network with-B4 B-655.E or-B5 B-656 fibre, even though,

e in some situations, more care-may can be necessary to obtain the desired patch cord/fibre
interface performance, and

e regardless of the fibre types that are connected, the back-reflected light from a connegtion
point-may can affect system performance and-sheuld needs be consideredin’advance,|see
IEC TR 62316.

7 |Attenuation

Different fibre types have been designed to operate preferably at'specific wavelengths and in
spegific deployment conditions (e.g. stored fibres or bends,ofinstalled cabled fibres): their
attepuation performances can vary when used at different wWavelengths. For instance: a- B4+
B-6%2.B fibre is optimized for use in the 1 310 nm regiof; with-seme-characteristies higher
attephuation in the 1 383 nm region-which-arenot-the-Same-asB1-3-fibres; a link obtained by
combining several fibre types would have consequently a 1 383 nm attenuation performgnce
depending on their length-weighted composition,although they belong to the same sectipnal
spegification.

8 [Summary

Table 2 summarises the suggested level of attention which-sheuld can be dedicated to gach
issue when connecting fibre types-in the first and second column. It is not intended to give
guidance on the preferred combination: some of these combinations are not preferred fronj the
fibrg view point, but-may canrbe dictated by the existing link architecture and/or by sygtem
design considerations. The ranking is as follows.

1 = Jow — means that the parameter-should needs to be considered properly (as suggestdd in
the referenced clauses/subclauses), although it is not expected to cause system related isspes,
proyided the operating wavelength(s) is compatible with the characteristics of both fibre types.

w#h— means that the parameter-should needs to be considered properly (as suggepted
in the referenced clauses/subclauses); if all aspects of the two fibre types (with respect td the
systemivdesign), with reference to the specific parameter, are taken into account, then| the
combination is not expected to cause sysiem related issues, provided the operating
wavelength(s) is compatible with the characteristics of both fibre types.

3 = high — means that the parameter-should needs to be considered carefully (as suggested in
the referenced clauses/subclauses); in some situations, system performances can be severely
degraded by the indicated combination; it is important users—are-recommended-to carefully
consider the characteristics of the two fibre types with respect to that parameter, taking also
into account the actual operating wavelength of the system and its compatibility with both fibre
types.
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Table 2 — Suggested level of attention to be dedicated to each issue
when connecting fibre types

Fibre | Withfibre | Attenuation®| Dispersion Cable cutoff Splice-or
type type g;epe%. derations® bssé.
B+4 | B+4 El 1 El El
B1.2 El 2 3 3
B1.3 2 1 E] El
B2 El 3 El 2
B4 El 3 3 2
B5 El 3 3 2
B6_a El 1 k! 4
B6 b 2 2 El 2
B12 |B%2 El 1 El El
B1.3 El 2 3 3
B2 El 3 3 3
B4 El 3 3 3
B5 El 3 3 3
B6_a 4 2 3 3
B6 b El 3 3 3
B+3 |B43 El 1 1 4
B2 El 3 El 2
B4 El 3 3 2
B5 El 3 3 2
B6-_a El 1 El 4
B6 b 2 2 El 2
B2 B2 El 1 El El
B4 El 3 3 2
B5 El 3 3 2
Bé-a 1 3 1 2
B6-b 1 3 1 2
B4 B4 4 2 1 2



https://iecnorm.com/api/?name=afeb1370529a330df103c844a29dcb53

-12 - IEC TR 62000:2021 RLV © IEC 2021

o e ot O (2 I Y LN R
BB R W W R W W W

LN R S L ST ST ) B ST S N

i-&-\-&-\#-&-\#%#-ﬁﬁ

Rloot

E  The total svystem performance-can-be -degra
= Tt o SyStem—perorah af—re—aegta

ded by some of the indicated issues (e
C—Y—SOom RGeS SHEeS

&



https://iecnorm.com/api/?name=afeb1370529a330df103c844a29dcb53

IEC TR 62000:2021 RLV © IEC 2021

- 13 -

Fibre sub-
category

With fibre
sub-category

Attenuation 2

Dispersion
and
dispersion
slope ®

Cable cut-off
wavelength
considerations ¢

Splice or
connection
lossd

B-6

52.B

B-652.B

1

B-654

B-652.D

-

B-653

-

B-655

B-656

B-657.A

“llw|lw|lw]|—

=l W | w

B-657.B

N

B-6

52.D

B-652.D

B-653

B-655

B-656

B-657.A

W w|w|—

B-657.B

SV w|lw| =] =

B-6

53

B-653

-

B-655

B-656

B-657.A

- W ]| Ww

B-657.B

N

B-6

54

B-654

S ON W [ W | W |~

B-652.D

B-653

B-655

B-656

B-657.A

B-657.B

w

WIW([WwW|Ww|w|w

B-6

55

B655

-

B-656

B-657.A

B-657\B

B-6

56

B-656

=Wl Ww|w

B-657.A

B-657.B

B-6

57.A

B-657.A

Wl W|=|W|w

B-657.B

B-6

b7.B

B-657.B

1

1

Al ]lwl|lw

1

NO

TE T The total system performance can be degraded by some of the Indicated Issues (e.g. splice losses), and
improved by others (e.g. dispersion compensation).

NOTE 2 Within the different fibre sub-categories of B-654, if different effective areas are coupled, the level of

attention would be 2.

a8 Clause 7,

b Subclause 5.4;
¢ Subclause 5.2;

4 Subclause 5.3.
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Thig third<edition cancels and replaces the second edition published in 2010. This ed
constitutes a technical revision.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDELINES FOR COMBINING DIFFERENT SINGLE-MODE FIBRE
SUB-CATEGORIES

FOREWORD

| national electrotechnical committees (IEC National Committees). The object of IEC is to promote internaf
b-operation on all questions concerning standardization in the electrical and electronic fields. To this eng
addition to other activities, IEC publishes International Standards, Technical Specifications, Techni¢al Rej
ublicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)").
Feparation is entrusted to technical committees; any IEC National Committee interested in the.subject deal
ay participate in this preparatory work. International, governmental and non-governmental grganizations lig
ith the IEC also participate in this preparation. IEC collaborates closely with the International Organizatig
tandardization (ISO) in accordance with conditions determined by agreement between the two organizatio

he formal decisions or agreements of IEC on technical matters express, as nearlyfas-possible, an internaf
bnsensus of opinion on the relevant subjects since each technical committee~has representation fro
terested IEC National Committees.

‘04 (s 3T U O D A

=

EC Publications have the form of recommendations for international use and are accepted by IEC Na
ommittees in that sense. While all reasonable efforts are made to ensure that the technical content o
ublications is accurate, IEC cannot be held responsible for the W&y in which they are used or for
isinterpretation by any end user.

=3 0VO

n order to promote international uniformity, IEC National Committees undertake to apply IEC Publicd
ansparently to the maximum extent possible in their national and regional publications. Any divergence bet
y IEC Publication and the corresponding national or regional publication shall be clearly indicated in the |

- =

FC itself does not provide any attestation of conformity. Ihdependent certification bodies provide confol
ksessment services and, in some areas, access to(}E€ marks of conformity. IEC is not responsible fo
ervices carried out by independent certification bodigs:

QD

Il users should ensure that they have the latestxedition of this publication.

o liability shall attach to IEC or its directors,;employees, servants or agents including individual expertg
embers of its technical committees and IEC’ National Committees for any personal injury, property dama
her damage of any nature whatsoever;* whether direct or indirect, or for costs (including legal fees
kpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other
ublications.

> YO O3 Z P O

ttention is drawn to the Normyative references cited in this publication. Use of the referenced publicatiog
dispensable for the correct application of this publication.

> 5

ttention is drawn to the pessibility that some of the elements of this IEC Publication may be the subject of p
rights. IEC shall not be-held responsible for identifying any or all such patent rights.
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TR 62000 has“been prepared by subcommittee 86A: Fibres and cables, of IEC technpical
committee 86 -Fipre optics. It is a Technical Report.

tion

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

edition:

a) global uniformity of terminology concerning fibre classes, categories and sub-categories
throughout the document;

b) updating and aligning to the new naming convention of IEC 60793-2-50 for class B fibre
categories and sub-categories;

c) updating and aligning with IEC 60793-2-50 as per supported fibre sub-categories;

d) additional guidelines concerning combination of fibre parameters: chromatic dispersion and
slope, polarization mode dispersion;

e) additional guidelines concerning non-linear affects;

f) updating of bibliographical references.
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The text of this Technical Report is based on the following documents:

Draft Report on voting

86A/2114/DTR 86A/2129/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.

Thid document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplementiavailpble
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC|are
desc¢ribed in greater detail at www.iec.ch/standardsdev/publications.

The[committee has decided that the contents of this document will remajn\unichanged unti| the
stability date indicated on the IEC website under webstore.iec.ch in dhe’ data related to| the
spet¢ific document. At this date, the document will be
e reconfirmed,

o \ithdrawn,

o replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside” logocon the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of jts contents. Users should therefore print this document using a colour printer.
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GUIDELINES FOR COMBINING DIFFERENT SINGLE-MODE FIBRE

1 Scope

SUB-CATEGORIES

This document provides guidelines concerning single-mode fibre inter-compatibility.

A given category of single-mode fibre, for example B-655, can have different implementat
by suitably optimising several of the following parameters: mode field diameter (hence)éffegtive
area), chromatic dispersion coefficient, slope of the chromatic dispersion curve, gable cu

wavelength.

Thepe guidelines indicate the items that are taken into account when planping to connect

ons

t-off

1) different implementations of single-mode fibres of the same categery, for example diffgrent

implementations of Class B single-mode fibres, and

2) single-mode fibres of different sub-categories, for example B-652.B with B-655.C.

See| IEC 60793-2-50 for the attributes and definitions of singfecmode fibre. The attributes
defipitions of fibres covered in this document are given in Table 1.

Table 1 — Correspondence table of various single-mode fibres

and

Copmmon name

Use (IEC 60793-2-50)

IEC sub-category

Recommendatjion

ITU-T

zero dispersion-
shifted fibre

the wavelength range of 1 460 nm to 1 625 nm
with the positive value of the chromatic
dispersion coefficient that is greater than some
non-zero value over the same wavelength
range.

Dispersion Optimised for use in the 1 310 am region but B-652.B G.652.B
un%ifted fibre can be used in the 1 550 nm,region.
Extlended band Optimised for use in thext"310 nm region but B-652.D G.652.D
dispersion can be used in the O, E, S, C and L-band (i.e.
unghifted fibre throughout the 1 260’'nm to 1 625 nm range).
Dispersion Optimised for §ingle channel transmission in B-653.A G.653.A
shifted fibre the 1 550 nm\region. Multiple channels can
only be transmitted if care is taken to avoid
non-linear effects such as four wave mixing by,
for.example, moderating the power levels or B-653.B G.653.B
appropriate spacing or placement of the
channels.
Cuf-off shifted Optimised for low loss in the 1 550 nm region, B-654.A G.654.A
fibne with cut off wavelength shifted above the
1 310 nm region. B-654.B G.654.B
B-654.C G.654.C
B-654.D G.654.D
B-654.E G.654.E
Non-zero Optimised for multiple channel transmission in B-655.C G.655.C
dispersion- the 1 530 to 1 625 nm region with a positive or
shifted fibre negative, non-zero chromatic dispersion and a B-655.D G.655.D
cut off wavelength that can be shifted above
the 1 310 nm region. B-655.E G.655.E
Wideband non- Optimised for multiple channel transmission in B-656 G.656
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Common name

Use (IEC 60793-2-50)

IEC sub-category

ITU-T
Recommendation

Bending loss Bending loss insensitive single-mode fibre B-657.A1 G.657.A1
insensitive fibre suitable for use in the access networks,
including inside buildings at the end of these
networks. B-657.A2 G.657.A2
They are suitable to be used inthe O, E, S, C
and L-band (i.e. throughout the 1 260 nm to SRCTRE G.657.B2
1 625 nm range) and, in the case of
B-657.A1 and B-657.A2, meet the requirements | B-657.B3 G.657.B3

of B-652.D fibres.
Subcategories B-657.B2 and B-657.B3 fibres

are intended to be used for restricted distances
(less than 1 000 m) at the end of access
networks, in particular inside buildings

or near buildings (e.g. outside building riser
cabling).

Thid document does not consider the connection of fibres with the same category from diffdrent
marjufacturers, which is already considered by the standardisation procedure.

2 |Normative references

Thefe are no normative references in this document.

3 [|Abbreviated terms

OTDR optical time domain reflectometer

PMD polarization mode dispersion

DWDM  dense wavelength division multiplexing

NRZ4 non return to zero

RZ return to zero

4 [System issues

The| different characteristics of class B optical fibres can be explicitly combined to optimise
system performance(in“terms of the dispersion characteristic (global dispersion coefficignts,
slope) of the link. [t is in fact possible to combine fibres with opposite signs of the dispersion
coefficient in a.given wavelength range to bring the total link dispersion to near-zero in |that
range. The figal* result will however depend on the accuracy of individual fibre dispergion
megdsurements and the ability to match lengths.

The|pfacess of combining fibres with different dispersion coefficient characteristics can be|one
of the-ways-te-make-dispersien-manragementinatransmissiontine{the-mesteommen-enrebeing

the periodical insertion of dispersion compensating modules).

Combining fibres with different effective areas is also a possible way to minimise the overall
impact of non-linear effects. For instance, it is possible to place large effective area fibres in
the initial section of a link, where the propagating power is relatively large. In this case, the
large core reduces the associated non-linear effects. For link sections away from the source,
where power levels are reduced, fibres with smaller effective area can be used, to take
advantage of a possible reduction of the dispersion slope or to increase the efficiency of Raman
amplification. The relative size and placement of fibres with large effective area versus fibres
with smaller effective area can be critical issues in design of the highest performing optical
networks.
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Splice loss considerations (see 5.3) can also be taken into account when fibres with different
effective areas or mode field diameter are combined.

5 Optical fibre issues

5.1 General

Most fibre characteristics are wavelength dependent: the actual operating wavelengths of the
system need therefore to be taken into account when considering the following comments and
suggestions.

The|compatibility between fibre specified characteristics (e.g. attenuation and dispersion)|and
the pystem operating wavelength needs to be considered.

5.2 | Cut-off wavelength

Different fibres have been historically developed for operation in different.wavelength ranges:
theyf can therefore have different cut-off wavelengths. If the source wavelength is below the|cut-
off wavelength, undesirable multi-modal propagation and modal noisecould occur.

The| cut-off wavelength is however reduced after cabling and(nstallation. The amount off the
redyction depends on the refractive index profile, i.e. on the fibretype. If fibre cut-off wavelepgth
is specified, it can be assumed that, after cabling and installation, the cut-off will be dqwn-
shiffed by several tens of nanometres (depending on the fibre type). Cable cut-off wavelepgth
is therefore specified in international standards. SeeAE€ 60793-2-50 and IEC 60793-1-44

Thepe considerations need to be applied when* connecting different fibre categories, for
example B-655 with B-652, in order to avoid multimodal operation and noise, which could affect
the pystem performance, depending on the(source wavelength. A launch from another single-
mode fibre will typically serve as a modefilter which can significantly reduce or eliminatg the
potgntial for multimode transmission.

5.3 | Splicing issues

The| very different mode field: diameter ranges, typical of the several fibre families, hav¢ an
effeft on splice losses when-fibres of different categories are spliced together. Care needs to
be taken to properly adjust splicing equipment and to correctly evaluate the splicing logses
amdng different fibre-categories, which can show increases in comparison with same-category
splice losses.

The|optimal _set=up parameters of fusion splicers are not the same for the different categqries
of fipre (e.g:B-652 versus B-657 fibres) or combinations of different categories of fibres.

Some 'B<657.B3 fibres can cause difficulties with the core alignment systems of some fugsion
splicingmmachines because the characteristics that provide improved bendtoss performance
can interact with the splicer alignment field of view. Amended splice programs or specialist
fusion splicing technology has eliminated this problem on many fusion splicers. An alternative
and recommended approach is to use an outside diameter (OD) or cladding alignment fusion
splicing program as is generally used with multimode optical fibres. Since recent advances in
fibre manufacturing technology have resulted in improved fibre geometry — with fibre core
concentricity errors typically less than 0,5 um —, the splice losses encountered are usually less
than 0,1 dB.

Another factor that has to be taken into account when using an OTDR to measure the splice
loss across fibres with different mode field diameters is that the bidirectional method is strictly
required. The mismatch of mode fields can make a splice appear to have much more loss from
one direction than the other. Negative loss or "gain" can also be apparent with uni-directional
OTDR measurements. See IEC TR 62316 for more information.
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When using an OTDR to measure the distance between splices of various sections of fibre with
different mode field diameters, the apparent distance can be different than the actual distance
because it is possible the group velocity for the different fibres is not the same. For accurate
length measurements, the OTDR length calibration setting needs to be adjusted according to
the section and type of fibre that is present.

Most of the previous considerations also apply to mechanical (temporary or permanent)
connections.

5.4 Combination of fibre parameters: chromatic dispersion coefficient and slope,

—polarization-mode-dispersten{PMb)}
LAA LI ‘l l'll-l,

The[chromatic dispersion coefficients of two fibres combine linearly on a length-weightéd.basis.
It is| possible to combine different fibres or dispersion compensation devices to,achieve| the
desired overall system chromatic dispersion values.

Whegn different fibre families are combined, it is important that the calculations for the overall
chrgmatic dispersion be completed by using the chromatic dispersion of each section, in ps/nm,
rather than considering the combination of possibly misleading descriptive parameters such as
the gero-dispersion wavelength or slope. In fact, zero-dispersion wayelength and slope arg not
defiped for some fibre families.

Sometimes, the term "slope compensation” is found, referring.to a situation where fibres with
diffgrent wavelength-dependence of the chromatic dispersion coefficient are combined:| the
resylting dispersion vs. wavelength curve will be the linear combination (on a length weighted
basis) of the two original curves.

Details on dispersion accommodation and compensation and on slope compensation can be
fourld in IEC TR 61282-5.

For |polarization mode dispersion (PMD);;the PMD values combine in quadrature (square [root
of siim of squares) rather than in the linear fashion that is appropriate for chromatic dispergion.
Becpuse 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 suchvas amplifiers. See IEC TR 61282-9 for more information on FMD
generalities and theory.

5.5 Non-linear effects

Nontlinear effects come from the interactions of the propagating pulse with the transmispgion
medium that-miake 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 (thergfore
progortional to optical power and inversely proportional to effective area), and on the distgnce
over which the light is propagated.

The local chromatic dispersion of the fibre also has an effect on the impairment due to non-
linear effects, depending on, for example, the channel density, bit rate, and modulation format.

See IEC TR 61282-4 for more information.

For high power DWDM systems operating at 10 Gb/s and higher, the local fibre chromatic
dispersion needs to be different than zero by an amount that is dependent on the details of the
system. The actual values of the optimal chromatic dispersion coefficient and effective area for
a given link section are a trade-off depending on the number of optical channels, the powers of
the channels in the section, the bit rate, and the modulation format (NRZ versus RZ).
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