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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL FIBRES -

Part 2-10: Product specifications —
Sectional specification for category A1 multimode fibres

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
Rll national electrotechnical committees (IEC National Committees). The object of IEC is to promote internati
Co-operation on all questions concerning standardization in the electrical and electronic fieldss.To this end
n addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rep
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IECpPublication(s)"). T
preparation is entrusted to technical committees; any IEC National Committee interested.in the subject dealt
may participate in this preparatory work. International, governmental and non-governmental organizations liai

ith the IEC also participate in this preparation. IEC collaborates closely with the International Organizatior

The formal decisions or agreements of IEC on technical matters express, as-hearly as possible, an internati
consensus of opinion on the relevant subjects since each technical eommittee has representation from
nterested IEC National Committees.

EC Publications have the form of recommendations for international”use and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts are madg\to ensure that the technical content of
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for
Mmisinterpretation by any end user.

n order to promote international uniformity, IEC National Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in their national and regional publications. Any divergence betw
pny IEC Publication and the corresponding national ot regional publication shall be clearly indicated in the la

EC itself does not provide any attestation of conformity. Independent certification bodies provide confor
pssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for
services carried out by independent certification bodies.

All users should ensure that they have the\atest edition of this publication.

No liability shall attach to IEC or its.directors, employees, servants or agents including individual experts
members of its technical committees and IEC National Committees for any personal injury, property damag
bther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
bxpenses arising out of the” publication, use of, or reliance upon, this IEC Publication or any other
Publications.

Attention is drawn to the“Normative references cited in this publication. Use of the referenced publication|
ndispensable for the Correct application of this publication.

Attention is drawn'to/the possibility that some of the elements of this IEC Publication may be the subject of pa|
rights. IEC shall\not be held responsible for identifying any or all such patent rights.

Standardization (ISO) in accordance with conditions determined by agreementfhetween the two organizations.
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be¢n made. Additions are in green text, deletions are in strikethrough red text.

s redline version of the official IEC Standard allows the user to identify the changes
de-to the previous edition. A vertical bar appears in the margin wherever a change has
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International Standard IEC 60793-2-10 has been prepared by subcommittee 86A: Fibres and
cables, of IEC technical committee 86: Fibre optics.

This seventh edition cancels and replaces the sixth edition published in 2017. This edition
constitutes a technical revision.

This edition includes the following significant change with respect to the previous edition:
revision of the naming convention for A1 multimode fibres, which better matches with those
found in ISO/IEC standards. These changes are outlined in the scope of this document along
with a cross reference table for the new names.

The text of this International Standard is based on the following documents:

FDIS Report on voting
86A/1932/FDIS 86A/1939/RVD

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

This document has been drafted in accordance with the ISO/IECDirectives, Part 2.

A list of all parts in the IEC 60793 series, published under‘the general title Optical fibres,
be [found on the IEC website.

The¢ committee has decided that the contents of this*document will remain unchanged until
tapility date indicated on the IEC website under\"http://webstore.iec.ch" in the data related to
the| specific document. At this date, the document will be

S

reconfirmed,
withdrawn,
replaced by a revised edition, or

amended.

the

an

the

IMPORTANT - The~{colour inside' logo on the cover page of this publication indicat
that it contains colours which are considered to be useful for the correct understandi
of its contents: Users should therefore print this document using a colour printer.

o
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1

OPTICAL FIBRES -

Part 2-10: Product specifications —
Sectional specification for category A1 multimode fibres

Scope

Thi
A1
infq

S
50
AH

penformance that are d|st|ngwshed by "a" or "b" suffix. Those-medels sub-categories with s

a
caf]

penformance Ievels Mode

rmation transmission equipment and optical fibre cables.

b-3-and-Ala-4. Each of these bandwidth grades is defined for two levels of macrobend |

egories with suffix "b" are specmed to meet enhanced macrobend Ioss (i.e.

s part of IEC 60793 is applicable to optical fibre sub-categories-Ata;-Atb A1-OM1, A1-O2,
OM3, A1-OM4, A1-OM5, and A1d. These fibres are used or can be incorporated| i

b-category-Ata—apphes Sub-categories A1-OM2, A1-OM3, A1-OM4 andA1“OM5 apply to
125 um graded index fibre in four bandwidth grades-are-defined-as-models-Atat-Algd-2;

S¥S

Sup-category A1-OM5 is specified to support singte wavelength or multi-wavelength
trapsmission systems in the vicinity of 850 nm to 980ynm. Although not normatively specifrd,
bapdwidth information covering this wavelengti/range is also included for A1-OM3 and
A1i0M4.

Sub-category-Atb A1-OM1 applies to 62,5/425 um graded index fibre and sub-category A1d

applies to 100/140 um graded index fibre,

Oth
SYS
on-

—

networks (LANs), storage(area networks (SANs), private branch exchanges (PBXs), vid

var

Th

ious multiplexing uses, outside telephone cable plant use, and miscellaneous related us

ee types of requirements apply to these fibres:

general requirements, as defined in IEC 60793-2;

specificrequirements common to the category A1 multimode fibres covered in this docum
and-which are given in Clause 5;

er applications include, but are not restricted to, the following: short reach, high bit-rpte
tems in telephony, distribution‘and local networks carrying data, voice and/or video servides;
premises intra-building and inter-building fibre installations including data centres, local af

ent

patticular requirements applicable to individual fibre sub-categories and models, or spedific

dapplications, wnicn are derined In the normative specitication Annexes A 10 D.

Table 1 shows the cross reference between the IEC A1 multimode optical fibre designations
used in this document compared to those used in IEC 60793-2-10:2017. The table also refers
to the normative annexes A, B and C for the A1 sub-category multimode fibres in this document

tha

t contains the detailed specification.
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Table 1 — Cross reference IEC A1 multimode fibre designations to
IEC 60793-2-10:2017

Annex Sub-category Sub-category/Model Core ISO/IEC
diameter 11801-1:2017
(nominal)
This document IEC 60793-2-10:2017 Usage of cabled
designations designations OMx fibres
A A1-OM2 Ala.1 50 pm @ om2 b
A1-OM3 Ala.2 50 um OM3
A1-OM4 Al1a.3 50 ym OomM4
A1-OM5 Ala.4 50 pm OM5
B A1-OM1 A1b 62,5 ym ¢ om1 A
C A1d A1d 100 ym s
a | Historically, ISO/IEC 11801:2002 also defined OM2 cables made with 6245)125 um fibres having a
minimum overfilled launch bandwidth of 500 MHz-km at 850 nm and 500 yMHz-km at 1 300 nm. This
specific bandwidth combination of 62,5/125 um fibre is not part of this”document.
b | OM2 cables are not supported for new installations within ISO/IEENM1801-1:2017.
¢ | Historically, ISO/IEC 11801:2002 also defined OM1 cables\fhade with 50/125 um fibres having a
minimum overfilled launch bandwidth of 200 MHz-km at 858,Am and 500 MHz-km at 1 300 nm. This
specific bandwidth combination of 50/125 um fibre is not part of this document.
d | OM1 cables are not supported for new installations‘@ithin ISO/IEC 11801-1:2017.

2 | Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this ' document. For dated references, only the edition cited applies.
For undated references,( the latest edition of the referenced document (including @ny
amendments) applies.

IEQ 60793-1-20, Optical fibres — Part 1-20: Measurement methods and test procedures — Fipre
gedmetry

IEQ 6079321-21, Optical fibres — Part 1-21: Measurement methods and test procedure$ —
Copting-geometry

4

IEC80793=1=22,—Optical fibres = Part =22 Measurement methodsarnd—test procedure:

Length measurement

v
|

IEC 60793-1-30, Optical fibres — Part 1-30: Measurement methods and test procedures — Fibre
proof test

IEC 60793-1-31, Optical fibres — Part 1-31: Measurement methods and test procedures —
Tensile strength

IEC 60793-1-32, Optical fibres — Part 1-32: Measurement methods and test procedures —
Coating strippability
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IEC 60793-1-33, Optical fibres — Part 1-33: Measurement methods and test procedures — Stress
corrosion susceptibility

IEC 60793-1-40, Optical fibres — Part 1-40: Measurement
Attenuation

IE

60793-1-41, Optical fibres — Part 1-41: Measurement

methods

methods

and test procedures —

and test procedure

Ba

IEQ
Ch

IEQ
Nu

IEQ
Mo

1EC
Ma

IEQ
Difi

IEC

hdwidth

60793-1-42, Optical fibres — Part 1-42: Measurement
romatic dispersion

60793-1-43, Optical fibres — Part 1-43: Measurement
merical aperture measurement

60793-1-46, Optical fibres — Part 1-46: Measurement
hitoring of changes in optical transmittance

60793-1-47, Optical fibres — Part 1-47: Measurement
crobending loss

60793-1-49, Optical fibres — Part 1-49: Measurement
ferential mode delay

heat (steady state) tests

IEC

heat (steady state) tests

IEC
Ch

IEQ
imn

IE(

IEQ
Ins|

bnge of temperature tests

hersion tests

falled cable plant — Multimode attenuation measurement

methods

methods

methods

methods

methods

60793-1-50, Optical fibres — Part 1-50: Measurement methods and test procedures — Da

60793-1-51, Optical fibres — Partc1-51: Measurement methods and test procedures —

60793-1-53, Optical fibres — Part 1-53: Measurement methods and test procedures — Wa

60793-2:2615, Optical fibres — Part 2: Product specifications — General

61280-4-1:2009, Fibre-optic communication subsystem test procedures — Part 4

and test procedure$

and, test procedure

and test procedure

and test procedure

and test procedure

60793-1-52, Optical fibres — Part 1-52: Measurement methods and test procedure$

mp

Dry

b —

ter

1
~\

3

No

Terms and definitions

terms and definitions are listed in this document.

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

IEC Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.org/obp
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4 Abbreviated terms

CPR coupled power ratio

DMD differential mode delay

EF encircled flux

EMB effective modal bandwidth

EMB, calculated effective modal bandwidth
LAN local area network

MMF multimode fibre

NA numerical aperture

OFL overfilled launch

OMB, overfilled launch modal bandwidth calculated from differential mode) delay (glso
known as OFL,)

PBKX private branch exchange
PMD physical medium dependent
RQOFL radial overfilled launch

SAN storage area network

5 | Specifications

5.1 General

The fibre consists of a glass core with a graded.index profile and a glass cladding in accordance
with IEC 60793-2:2045,-5-1.

The term "glass" usually refers to material consisting of non-metallic oxides.

5.2 Dimensional requirements

Di

mensional attributes and measurement methods are given in Table 2.
Refiuirements commontto-all fibres in category A1 are indicated in Table 3.

Table 4 lists additional attributes that shall be specified by each sub-category specification.
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Table 2 — Dimensional attributes and measurement methods

Attributes Measurement methods
Cladding diameter IEC 60793-1-20
Core diameter @ ° IEC 60793-1-20
Cladding non-circularity IEC 60793-1-20
Core non-circularity IEC 60793-1-20
Core-cladding concentricity error IEC 60793-1-20
Prjrrary coatimg dtameter HEC60793=t=21
Prjmary coating non-circularity IEC 60793-1-21
Primary coating-cladding concentricity error IEC 60793-1-21
Fibre length IEC 60793-1-22
a8 | Core diameter is specified at 850 nm = 10 nm with a test specimen length of 2,0 m + 0,2,ay and a threshold
value, ksqges Of 0,025 for A1 fibres except-Adtatb/2b/i3bi4b A1-OM2b, A1-OM3b, A1-OM4b, A1-OM5Db fibrgs.
b | Core diameter is specified at 850 nm + 10 nm with a test specimen length of 100 m +/5 % and a threshold
value, kcqge, Of 0,025 for-Ada-4b/2b/3b/4b A1-OM2b, A1-OM3b, A1-OM4b, A1,Q@NMS5b fibres.
Table 3 — Dimensional requirements common_to_category A1 fibres
Attributes Unit Limits
Cqre non-circularity % <6
Prjmary coating diameter — um 245 £ 10
unjcoloured @
Prjmary coating diameter — um 250 + 15
cojoured 2@
Prjmary coating-cladding um <12,5
cocentricity error
Fibre length km b
@ | The limits on primary coating diameter are most commonly used in telecommunications cables. There are otHer
applications, which use otherprimary coating diameters, several of which are listed below.
Alternative nominal primarycoating diameters and tolerance (pm):
400 + 40
500 + 50
700 + 100
900 + 100
b | Lengthréquirements vary and should be agreed between supplier and customer.

Table 4 — Additional dimensional attributes required in sub-category specifications

Attributes

Cladding diameter

Cladding non-circularity

Core diameter

Core-cladding concentricity error
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5.3 Mechanical requirements

Mechanical attributes and measurement methods are given in Table 5.
Requirements common to all fibres in category A1 are in Table 6.

Table 5 — Mechanical attributes and measurement methods

Attributes Test methods
Proof test IEC 60793-1-30
Tgnsile strength IEC 60793-1-31
Prjmary coating strippability IEC 60793-1-32
Stfess corrosion susceptibility IEC 60793-1-33
et IEC 60793-1-34

Table 6 — Mechanical requirements common to category A1 fibres

Attributes Unit Limits
Prpof stress level GPa > 0,692
AVerage strip forceP N 1,0 < Fayg < 5,0
Pdak strip force® N 1,0 < Fpeak < 8,9
Tgnsile strength (median) for 0,5 m | GPa > 3,8
specimen length
Stfess corrosion susceptibility - >18
constant, ny

a8 | The proof test value of 0,69 GPa equals about 1 % strain or about 8,8 N force, for-Ata—and-Atb A1-OM1|to
A1-OMS5 fibres. For the relation between.these different units, see IEC TR 62048:2014, 8.4.

Either average strip force or peak strip force, which are defined in the test procedure, may be specified py
agreement between supplier and customer.

5.4 Transmission requirements

Trgnsmission attributes and measurement methods are given in Table 7.

Table 8 lists @dditional attributes that shall be specified by each sub-category specification.
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Table 7 — Transmission attributes and measurement methods

Attributes Measurement methods
Attenuation coefficient IEC 60793-1-40
Modal bandwidth &P IEC 60793-1-41
Numerical aperture ¢ IEC 60793-1-43
Chromatic dispersion IEC 60793-1-42
Change of optical transmission IEC 60793-1-46
Macrobending loss IEC 60793-1-47
Differential mode delay © TEC 60793-1-49

a

For modal bandwidth, either overfilled launch (OFL) or overfilled launch modal bandwidth calculated,fr
differential mode delay (OMB) can be used. OMB,_ is the reference test method for-Ata-4/2/3 A1=QM2, A

OM3 and A1-OM4 fibres at 850 nm and is the required method for-Ata-4 A1-OM5 fibres at 850*nm and 9
nm.

850 nm modal bandwidth is specified with a test specimen length of 1 000 m £+ 5 % for-A4a,;2/3/4 A1-OM3
A1-OMS5 fibres. For-Ata-2 A1-OMS3 fibres, the 850 nm modal bandwidth is measured at\850 nm + 10 nm. H
Ata3 A1-OM4 and-Ata-4 A1-OMS5 fibres, the 850 nm modal bandwidth is measured at 850 nm + 2 nm. H
Ata4 A1-OMS5 fibre, the modal bandwidth is also measured at 953 nm + 6 nm.

m
1-

63

¢ | Numerical aperture is specified at 850 nm + 10 nm with a test specimen length\of-2 m £ 0,2 m and a threshgld
value, k&, of 0,05 for A1 fibres except-Ata-tb/i2bi3b/4b A1-OM2b, A1-OM3b,)A1-OM4b, A1-OMSD fibres.
d | Numerical aperture is specified at 850 nm + 10 nm with a test specimer length of 100 m + 5 % and a threshgld
value, ky, of 0,05 for-Ata-+b/26/3b/4b A1-OM2b, A1-OM3b, A1-OM4b,and A1-OM5b fibres.
¢ | Differential mode delay is specified with a test specimen length ©f 000 m + 5 % for-Ata-2/3/4 A1-OM3, A1-
OM4 and A1-OM5 fibres. For-Ada-2 A1-OM3 fibres, the DMD.is measured at 850 nm £ 10 nm. For-A1a-3 A1-
OM4 and-Ata-4 A1-OMS5 fibres, the DMD is measured at 850 hm = 2 nm. For-Ata-4 A1-OM5 fibre, the DMD] is
also measured at 953 nm + 6 nm.
Specification compliance of chromatic dispersion can be assured by compliance to the
numerical aperture (NA) specification for\A1 fibre.
Table 8 — Additional transmission attributes
required in sub-category specifications
Attributes
Atienuation coefficient
M¢dal bandwidth
Chromatic dispersion
Nygmerical apefture
Macrobending/loss
Forattenuation coefffctentand modat panawlidin, tne sub-category SpecCITiCations Imay Con ain

ranges of specifiable values instead of fixed limits. In this case, the actual values of the
maximum attenuation coefficient and minimum modal bandwidth, at both 850 nm and 1 300 nm
(or just at one of these wavelengths)-are-te shall be agreed between supplier and customer.
For commercial purposes, the modal bandwidth is linearly normalized to 1 km.
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For guidance purposes, Annex H shows a number of standardised applications supported
A1 fibres and Annex | shows transmission capabilities for these fibres.

The indicated maximum attenuation-values coefficients apply to uncabled optical fibres; for

by

the

maximum cabled attenuation—values coefficients, reference is made to IEC 60794-1-1, which

can be used in conjunction with this document. Tighter specifications for the fibre may
requested to account for added attenuation in the cabling process.

Remarks on the specification of modal bandwidth:

be

Cafe should be taken in writing dual wavelength bandwidth specifications. It is understood t
for|category A1 fibres, the bandwidth at 850 nm may be related to the bandwidth at 1.300
way shown in Figure 1, depending on the refractive index parameter, g (see |IE€ 607
2: —5-1). See [1]2, page 50, and [2], page 255, for similar figures. The shaded region un
the| curve of Figure 1 can be defined as the dual window area. In this area, regjions X, Y, an

are not possible (i.e., outside the shaded region).
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Figure 1 — Relation between bandwidths at 850 nm and 1 300 nm

5.5 Environmental requirements
5.5.1 General
Environmental exposure tests and measurement methods are documented in two forms:

o relevant environmental attributes and test procedures are given in Table 9;

2 Numbers in square brackets refer to the Bibliography.
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e measurements of a particular mechanical or transmission attribute that may change on the
application of the environment are listed in Table 10.

Table 9 — Environmental exposure tests

Environmental exposure

Test

Damp heat

IEC 60793-1-50

Dry heat

IEC 60793-1-51

Change of temperature

IEC 60793-1-52

WHhRier immersion

IEC 6U/7Y3-T-00

Table 10

— Attributes measured for environmental tests

Attribute

Measurement method

Change in optical transmission

IEC 60793-1-46

Atfenuation

IEC 60793-1-40

Stfip force

IEC 60793-1-32

Tgnsile strength

IEC 60793-1-31

Stfess corrosion susceptibility

IEC 60793-1-33

These tests are normally conducted periodically as type-tests for a fibre and coating desi
ess otherwise indicated, the recovery period)allowed between the completion of
ironmental exposure and performing the attribute measurements shall be as stated in

Un
en
patticular environmental test method.

5.5.2

General

in Table 9.

Ta
sugceptibility respectively.

Mechanical environmental requirements (common to all fibres in category A1

5 12 1
These tests are, in practice, the most severe requirements amongst the environments defined

gn.
the
the

bles 11, 12, and 13 give the prescriptions for strip force, tensile strength and stress corrosfion

5.5.2.2 Strip\force
The following* attributes shall be verified following removal of the fibre from the particdlar
enyironment.
Table 11 — Strip force for environmental tests
Environment Average strip force Peak strip force
N
Damp heat 1,0 < Favg <5,0 1,0 < Fpeak <8,9
Water immersion 1,0 < Favg <5,0 1,0 < Fpeak <8,9

5.5.2.3 Tensile strength

The following attribute shall be verified following removal of the fibre from the environment.
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Table 12 — Tensile strength for environmental tests

Environment

Median tensile strength
specimen length: 0,5 m
GPa

15th percentile tensile strength
specimen length: 0,5 m
GPa

Damp heat

> 3,03

> 2,76

NOTE These requirements do not apply to hermetically coated fibre.

S.WW ptibility
The following attribute shall be verified following removal of the fibre from the environment.

Table 13 — Stress corrosion susceptibility for environmental tests

Environment

Stress corrosion susceptibility-constant, n

Dgmp heat

>18

NOQTE This requirement does not apply to hermetically coated fibre.

5.5.3 Transmission environmental requirements

Change in attenuation from the initial value shall be less thian the values in Table 14. Attenuafion
shgll be measured periodically during the entire exposure to each environment and after

removal.
Table 14 — Change in attenuation for environmental tests
Environment Wavelength Attenuation increase
nm dB/km
Damp heat 850 <0,20
1.300 <0,20
Dny heat 850 <0,20
1300 <0,20
Change of temperature 850 <0,20
1300 <0,20
Whter immersion 850 <0,20
1300 <0,20
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Annex A
(normative)

Specifications for-sub-category-Atla sub-categories A1-OM2, A1-OM3,
A1-OM4 and A1-OM5 multimode fibres

A.1 General

A1 OM4 and A1 OMS5 fibres. Common requrrements repeated here for ease of referencef om

thel main body of this document, are noted by a clause entry in the "Reference" columu.

attfibute. Relevant notes from the main body of this document are not repeated _but’indica
with a superscript "SS".

Sub-eategory-Ala-isa Sub-categories A1-OM2, A1-OM3, A1-OM4 and AA-OMS5 are 50/125 jum
grgdded index multimode fibres in four bandwidth gradesar&deﬁaed@s—medels#a%%
Atp3—-and-Ata4. All are specified using overfilled bandwidth metfics, while-medels—Atg-2;

Ats-3 sub-categories A1-OM3, A1-OM4 and-Ata-4 A1-OM5 also apply differential mode d

lay

mejasurements to deliver laser-optimised performance near 850 nm.-Medel-Ada-4 Sub-categpry
A1{0OM5 also specifies both overfilled and differential mode delay bandwidth metrics at 953 jnm
to deliver laser-optimized performance over a wavelength range in the vicinity of 850 nm to $50

nm|.-Ata-2 A1-OM3 complies with-Ada-4+ A1-OM2 specifieations.-Ata-3 A1-OM4 complies
Ata-2 A1-OM3 specifications.-Ata-4 A1-OM5 complies,with-Ata-3 A1-OM4 specifications.

Atgt-Ata2-Ate3-ard-Ata4 Sub-category A1:OM2, A1-OM3, A1-OM4 and A1-OM5 are

sp¢gcified for two levels of macrobend loss performance that are distinguished by "a" or

ith

Iso
Ilbll

suffix. Those with suffix "a" (i.e.-Adlada-Ata2a-Ata3a-Ata-4a models A1-OM2a, A1-OMPBa,

A1{OM4a and A1-OMb5a) are specified tosmneet traditional macrobend loss performance lev

Is.

Those with suffix "b" (i.e.-Ata-tb-Ada2by-Ata3band-Ada4b models A1-OM2b, A1-OM3b, p1-
OM4b and A1-OM5b) are specified“to meet enhanced macrobend loss (i.e. lower ldss)

penformance levels, and thereby also'comply with traditional macrobend loss performance.

The¢ nomenclature for the-Ata-sub-category A1-OM2, A1-OM3, A1-OM4 and A1-OM5 spb-
categories establishes a Coding hierarchy that permits designation of fibres with increasfing
sp4 crf|C|ty For example purchase orders for—AJra—ﬂJeres A1-OM3 may be f|IIed by-any-ofthe

e - 2a A1-ONM
or—Ma—zb A1l- OM3b As a result where specrfrcatrons and descr|pt|ons apply to all models
lower hierarchical‘levels, only the common portion of the name is stated.

in TablessAx1 and A.2. The common and distinguishing transmission requirements are speci
in Table A.3.

A.2 Dimensional requirements

The¢ dimensional, mechanical and environmental requirements are common to all and speciﬂied

3a
at

ied

Table A.1 contains dimensional requirements specific to-Ata A1-OM2, A1-OM3, A1-OM4 and

A1-OMS fibres.
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Table A.1 — Dimensional requirements specific

to-Ata A1-OM2, A1-OM3, A1-OM4 and A1-OMS5 fibres

See notes in the main body of this document.

Attributes Unit Limits Reference
Cladding diameter pum 125+ 1
Cladding non-circularity % <1
Core diameter SS um 50 +2,5
Core-cladding pum <2
concentricity error
Cqre non-circularity % <6 5.2
Primary coating diameter | um 245+ 10 5.2
— fincoloured S8
Primary coating diameter um 250 + 15 5.2
— ¢oloured SS
Prjmary coating-cladding | pm <12,5 5.2
cocentricity error
Length km (see 5.2) 5.2
ss

A.3 Mechanical requirements

Table A.2 contains the mechanical requirements spécific to-Ata A1-OM2, A1-OM3, A1-O

and A1-OM5 fibres.

Table A.2 — Mechanical requirements specific

to-Ata A1-OM2, A1-OM3; A1-OM4 and A1-OMS5 fibres

M4

Attributes Unit Limits Reference
Prpof stress level SS GPa > 0,69 5.3
AVerage strip force SS N 1,0<F,,,<50 5.3
Pdak strip force SS N 1,0 < Foeak < 8,9 5.3

SS

See notes in the main.body of this document.

A.4 Transmission requirements

Table A“3\contains transmission requirements specific to-Ata A1-OM2, A1-OM3, A1-OM4 gnd

A110M5 fibres.
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Table A.3 — Transmission requirements specific
to-A1a A1-OM2, A1-OM3, A1-OM4 and A1-OMS5 fibres

Targeted-operational nm 850 850-t0-950 | AnnexE
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Attributes Unit Limits Reference
Fibre sub-category A1-OM2 | A1-OM3 | A1-OM4 | A1-OM5
Targeted operational wavelength(s) @ nm 850 850 to 950 | Annex E
Maximum attenuation coefficient at dB/km 2,5
850 nm
Maximum attenuation coefficient at dB/km Not specified 1,8
953 nm
Maximum attenuation coefficient at dB/km 0,8
1300 nm
Minimum modal bandwidth-length MHz-km 500 1 500 3 500 3 500 Clause D.6
profduct for overfilled launch at
85( nm SS
Mifimum modal bandwidth-length MHz-km Not specified 1850 Clause .6
profuct for overfilled launch at 953
Mifimum modal bandwidth-length MHz-km 500
profuct for overfilled launch at
1 3P0 nm
Minimum effective modal bandwidth- MHz-km Not 2 000 4700 4700 Annexgs
length product at 850 nm SS specified Meet Meet Meet D,E, F|G
Clause D.1 | Cladse®.3 | Clause D.5
or oly
Clause D.2 | CGlause D.4
Minimum effective modal bandwidth- MHz-km Not specified 2470 Annexgs
length product at 953 nm SS Meet D, E F|G
Clause D.5
Numnerical aperture SS Dimen- 0,200 + 0,015
sionless
Fibfe model A1-ONRRa* | A1-OM3a | A1-OM4a | A1-OMb5a
Makimum  |Bending Number of dB Max at 850 nm / 1 300 nm
magro- radius turns
o S T 100 0.5/0,5
15 mm 2 1,0/1,0
Fibfe model A1-OM2b A1-OM3b A1-OM4b A1-OM5b
Makimum |Bending Number of dB Max at 850 nm / 1 300 nm
magro- radius turns
2ol [a7,5 mm 100 05/0,5
15 mm 2 0,1/0,3
7,5 mm 2 0,2/0,5
Zerp dispersion wavelength, 4, nm 1295<4,<1340° 1297 < 4,
<1328¢
Zerp dispersior(glope, S, ps/(nm2-km) Sy <0,105 from Sy <
1295 nm < 4,<1 310 nm, and 4 (-103) /
< 0,000 375 (1 590 — 4,) from (840 (1 —
(7\0/840)4))
1310 nm < 1, <1340 nm © d

@ Targeted operational wavelength(s) is informative.

b The launch condition for the macrobending loss measurement shall fulfil that described in IEC 61280-4-1.

¢ The worst case chromatic dispersion coefficient at 850 nm (e.g. S = 0,093 75 ps/(nm?-km) at .o = 1 340 nm or
So = 0,101 25 ps/(nm2-km) at 1g = 1 320 nm) is =104 ps/(nm-km).

The coordinate that generates the worst-case dispersion for operating wavelengths from 840 nm to 1 000 nm is
20 =1 328 nm, Sg = 0,093 477 ps/(nm?-km) The worst case chromatic dispersion coefficient at 850 nm is

-98,5 ps/(nm-km)

SS See notes in the main body of this document.

A.5 Environmental requirements

The requirements of 5.5 shall be met.
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Annex B
(normative)

Specifications for sub-category-A1b A1-OM1 multimode fibres ‘

B.1 General

Annex B contains particular requ|rements apphcable to—A4—Ie A1-OM1 f|bres Common |

nofed by a clause entry in the "Reference column. Relevant notes from the main body of this
dog¢ument are not repeated but indicated with a superscript "SS".

Sub-category-Atb A1-OM1 fibre is a 62,5/125 um graded index fibre. ‘

B.2 Dimensional requirements
Table B.1 contains dimensional requirements specific to-Atb A1-OMDfibres.

Table B.1 — Dimensional requirements specific to-A1b A1-OM1 fibres

Attributes Unit Limits Reference
Clpdding diameter pm 125+ 2
Clpdding non-circularity % <2
Cqre diameter SS pum 62,5+ 3
Cqre-cladding pum <3
concentricity error
Cqre non-circularity % <6 5.2
Primary coating diameter | um 245+ 10 5.2
— tincoloured SS
Prjmary coating diameter pum 250 £ 15 5.2
— ¢oloured S8
Prjmary coating-cladding um <1256 5.2
concentricity error
Leingth SS km (see 5.2) 5.2
ss

See notes in the main body of this document.

B.3 Mechanical requirements

Tabte B-2Tomtains the mechanicat Tequirements specific toA A T=OMtfibres——————

Table B.2 — Mechanical requirements specific to-A1b A1-OM1 fibres

Attributes Unit Limits Reference
Proof stress level $S GPa > 0,69 5.3
Average strip forceSS N 1,0<F, <50 5.3
Peak strip force SS N 1,0 < Fpop 8,9 5.3
S8 See notes in the main body of this document.
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B.4 Transmission requirements
Table B.3 contains transmission requirements specific to-Atb A1-OM1 fibres.

Table B.3 — Transmission requirements specific to-A1b A1-OM1 fibres

Attributes Unit Limits Reference

Maximum attenuation dB/km 3,0
coefficient at 850 nm

-+

M l\iIIIUIII attclluatiull UIBI“l\III
coefficient at 1 300 nm

Mipimum modal MHz-km 200
bgndwidth-length product
at|850 nm

Mipimum modal MHz-km 500
bandwidth-length product
at{1 300 nm

Ndmerical aperture SS Dimensionless 0,275 + 0,015

Maximum macrobending dB 0,5
logs

100 turns on bending
raglius of 37,5 mm
at|wavelengths 850 nm
anjd 1 300 nm @

Zdro dispersion nm 1320 £1,<1365°
wgvelength, 4,

Zdgro dispersion slope S, ps/(nm?-km)

—{rom 1320 nm < 4, <1 £0,11°

348 nm <0,001 (1458 — 25)®
—{rom 1348 nm < 2, <1
365 nm

@ | The launch condition for the macrobending loss measurement shall fulfil that described in IEC 61280-4-1.
b

The worst case chromatic dispersion coefficient at 850 nm (S, = 0,11 ps/(nm?-km) at 2o = 1 348 nm)
—125 ps/(nm-km).

S

SS| See notes in the main body of this document.

B.$ Environmental requirements

The requirements of 5.5 shall be met.
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Annex C
(normative)

Specifications for sub-category A1d multimode fibres

C.1 General

Annex C contains particular requirements for A1d fibres. Common requirements, repeated here
ease of reference from this document, are noted by an entry in the "Reference"” column.

for
Re

superscript "SS",

Su

C.2 Dimensional requirements

Ta

h-category A1d fibre is a 100/140 um graded index fibre.

ple C.1 contains dimensional requirements specific to A1d fibres,

evant notes from the main body of this document are not repeated but indicated wit

Table C.1 — Dimensional requirements specific'to A1d fibres

1

a

Attributes Unit Limits Reference
Clpdding diameter pm 140 £ 4
Clpdding non-circularity % <4
Cqre diameter S8 um 100+ 5
Cqre-cladding pum <6
concentricity error
Cqre non-circularity % <6 5.2
Prjmary coating diameter um 245 +£10 5.2
— {incoloured S8
Prjmary coating diameter um 250 + 15 5.2
— ¢oloured S8
Prjmary coating-cladding | um <12,5 5.2
cocentricity error
Lelngth SS km (see 5.2) 5.2

SS

See notes in the main body of this document.

C.1

Table C.2 contains the mechanical requirements specific to A1d fibres.

8, Mechanical requirements

Table C.2 — Mechanical requirements specific to A1d fibres

peak —

Attributes Unit Limits Reference
Proof stress level S8 GPa > 0,69 5.3
Average strip forceSS N 1,0<F,, <50 5.3
Peak strip force SS N 1,0<F __ <89 5.3

S8 See notes in the main body of this document.



https://iecnorm.com/api/?name=509efe5c978e39ef5316a6103f488ce5

- 24 - IEC 60793-2-10:2019 RLV © IEC 2019
C.4 Transmission requirements
Table C.3 contains transmission requirements specific to A1d fibres.

Table C.3 — Transmission requirements specific to A1d fibres

Attributes Unit Limits Reference

Maximum attenuation dB/km 3,5t07,0
coefficient at 850 nm 2

Ma RiTanT attenuatton aB7Rm 510 4,5
codfficient at 1 300 nm @

Minimum modal bandwidth- |MHz.-km 10 to 200
length product at 850 nm @

Minimum modal bandwidth- |pHz-km 100 to 300
length product at 1 300 nm

Nuifnerical aperture SS Dimensionless 0,26 + 0,03 or 0,29 + 0,03
Makimum macrobending dB For further study

los

Zerp dispersion nm 1330 < 4,< 1385 b
wayelength, 29

Zerp dispersion slope S, ps/(nm?-km)

— from 1330 nm < A4, < 1 <0,1050

369 nm <0,000)5 (1 575 — 2,) ®

- from 1 365 nm < 4, < 1

384 nm

The limit column forms a range of values that may e specified.

The worst case chromatic dispersion coefficient at 850 nm (S, = 0,105 ps/(nm2-km) at Ao = 1 365 nm) is
—126 ps/(nm-km).
ss

See notes in the main body of this document.

C.5 Environmental requirements

The¢ requirements, 0f-5.5 shall be met.
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Annex D
(normative)

Fibre differential mode delay (DMD), calculated

effective modal bandwidth (EMB_) and calculated overfilled modal

bandwidth (OMB,_) requirements

D.1 A1a.2 A1-OM3 fibre DMD requirements

Re

D.1

AH
inc

.1.2 and D.1.3. The radial limits, Rjyygr @Nd RoyTer: Were established for transmitt

.1 General

b2 A1-OM3 fibres selected using the DMD mask method shall meet the requirements
eting the requirements of Clause E.4.
er to Annex E for information regarding effective modal bandwidth (EMB).

.2 DMD templates

udes an inner and outer mask requirement, when measuréd according to IEC 60793-1-4

Table D.1 — DMD templates for-A%1a-2 A1-OM3 fibres

of
ers

-2 A1-OM3 fibres shall meet at least one of the six templates in Table D.1, each of which

0.

Template number Inner mask DMD (ps/m) for Outer mask DMD (ps/m) for
Riyner = 5 #M t0 Royreg = 18 um | Ry yeg = 0 um to Royreg = 23 pm
1 <0,23 <0,70
2 <0,24 <0,60
3 <0,25 <0,50
4 <(0,26 <0,40
5 < 0,27 <0,35
6 <0,33 <0,33
The DMD requirements in-B-4-2 Table D.1 are illustrated in Figure D.1. In this figure, the

allg
poy

and the outenmask to ensure a sufficient amount of the baud energy from a transmitter (mee

the]
the]

ition of the single mode probe. There is a trade-off between the tightness of the inner m

launch=specifications) arrives within the required time period (defined by the baud rate
transmission system).

wable DMD (as measured according to IEC 60793-1-49) is plotted versus the radial ofFet

sk
ing
of
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Figure D.1 — DMD template requirements
The "floating" characteristic of the innerynask is also illustrated in Figure D.1. In this figure, the

mafsk (0 um to 23 um). The DMD is.more tightly constrained in the inner mask to allow for looger
tolgrances on the outer mask providing for improved ability to manufacture fibre conforming to
thig requirement. In the case,of the 0,33 ps/m mask, the requirement is the same over the whjole
range from 0 um to 23 um¢creating a "flat" mask.

innFr mask (5 um to 18 um) may be positioned vertically (temporally) anywhere within the odter

IEQ 60793-1-49 can_be\used to ensure a minimum effective modal bandwidth-length product,
when using sources.meeting appropriate restrictions. When the launch condition requirements
on [the transmitters” are coupled to the DMD requirements on the fibre, a balance can|be
achiieved between fibre tolerance and transmitter tolerance. A careful study, using fibfes
contributed-by.several different fibre manufacturers and laser transmitters from several different
soyrce manufacturers, and including extensive and detailed simulations, shows that the abgve
coypled specifications on fibre and sources will yield a minimum effective modal bandwiqth-
lengthiproduct of 2 000 MHz-km [3] to [14].

The use of a template on the values of DMD achieves an effective trade-off between transmitter
and fibre properties. The transmitter launch condition is bounded by encircled flux requirements
at 4,5 um and 19 um as discussed in Clause E.4. The limitation on the transmitter encircled flux
at the 4,5 um radius assures that very little energy is carried by the lowest order modes of the
fibre, allowing the relaxed tolerance on modal structure excited at small radii. The limitation on
the transmitter encircled flux at the 19 um radius assures that very little energy is carried by the
highest order modes of the fibre, allowing the relaxed tolerance on modal structure excited at
high radii.

D.1.3 DMD interval masks

The-Ata-2 A1-OM3 fibre DMD shall not exceed 0,25 ps/m for any of the radial offset intervals
given in Table D.2.
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Table D.2 — DMD interval masks for-A4a-2 A1-OM3 fibres

Interval number R\nnEr Router
pm pm
1 7 13
2 9 15
3 11 17
4 13 19

Th«lsse interval masks screen out fibres having DMD that change too rapidly over short raJiiaI

ran

wh
mir

NO

Ref
ban

NO

We
fro
con
sol

ges. Fibres passing this screen have lower inter-symbol interference than those thatdo n

.2  Ala2 A1-OM3 fibre EMB, requirements

.1 General

.2 Calculated effective bandwidth

responding set of EMB, values. The minimum EMBZ,(minEMB,,) within this set shall meet
uirement of Equation (D.1):

bre
EMB. is determined from the cemplex transfer function as described in IEC 60793-1

using the weights defined in Table D.3.

C

[E 1 Minimum EMB,_ is a fibre parameter, and it is possible that its value is not optimal for use in system mod

br to Annex E for informations'regarding the corresponding system parameter called the "effective m
dwidth" (EMB) and its relationship to EMB..

[E 2 Refer to AnnexX F for additional explanation of bandwidth nomenclature.
m the centfe of the core (» = 0) for ten simulated lasers with encircled flux (EF) metrics t

respond to' those of ten actual lasers. The DMD weightings in Table D.3 are specifig
rces.meeting the specifications of Clause E.4.

-2 A1-OM3 fibres selected using the EMB, method shall meet the requirements of D.2.2.

minEMB, = 770 MHz-km (0.

ot.

e DMD optical pulse shapes can be weighted by a set.0f launch distributions to determing a

the

49

els.
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ightings within .-Table D.3 are provided for DMD measured at 1 um radial intervals starfing

hat
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Table D.3 — DMD weightings

Radial position Laser ID

r (um) 1 2 3 4 5
0 0 0 0 0 0
1 0,033 023 0,023 504 0 0 0
2 0,262 463 0,188 044 0 0 0
3 0,884 923 0,634 634 0 0 0
% 25609462 447235 67007414 67605637 67603-03%
5 3,231 216 2,376 616 0,072 928 0,055 488 0,029,856
6 3,961 956 3,052 908 0,262 906 0,200 05 0,107 634
7 3,694 686 3,150 634 0,637 117 0,483 667 0,258 329
8 2,644 369 2,732 324 1,197 628 0,896 95 0,458 494
9 1,397 552 2,060 241 1,916 841 1,402 833 0,661 247
10 0,511 827 1,388 339 2,755 231 1,957 805 0,826 035
11 0,110 549 0,834 722 3,514 797 214338 247 1,000 204
12 0,004 097 0,419 715 3,883 317 2,639 299 1,294 439
13 0,000 048 0,160 282 3,561 955 2,397 238 1,813 982
14 0,001 111 0,047 143 2,617 093 1,816 953 2,506 95
15 0,005 094 0,044 691 1,480 325 1,296 977 3,164 213
16 0,013 918 0,116 152 03593 724 1,240 553 3,572 113
17 0,026 32 0,219 802 0,153 006 1,700 02 3,618 037
18 0,036 799 0,307 088 0,012 051 2,240 664 3,329 662
19 0,039 465 0,329 344 0 2,394 077 2,745 395
20 0,032 152 0,2681541 0 1,952 429 1,953 241
21 0,019 992 03166 97 0 1,213 833 1,137 762
22 0,008 832 0,073 514 0 0,534 474 0,494 404
23 0,002 612 0,021 793 0 0,158 314 0,146 517
24 0,000 282 0,002 679 0 0,019 738 0,018 328
25 0 0 0 0 0
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Radial position Laser ID
r (um) 6 7 8 9 10

0 0 0 0 0 0
1 0,015 199 0,016 253 0,022 057 0,010 43 0,015 681
2 0,120 91 0,129 011 0,176 39 0,083 496 0,124 978
3 0,407 702 0,434 844 0,595 248 0,281 802 0,421 548
4 0,925 664 0,987 184 1,351 845 0,650 28 0,957 203
5 1,488 762 1,587 6 2,174 399 1,130 599 1,539 535
6 1,825 448 1,94 661 4 2,666 278 1,627 046 1,887 747
7 1,702 306 1,815 285 2,486 564 2,044 326 1,762.955
8 1,218 378 1,299 241 1,780 897 2,291 72 1,292 184
9 0,643 911 0,686 635 0,945 412 2,280 813 0,790 844
10 0,238 557 0,255 85 0,360 494 1,937 545 0,559 38
11 0,098 956 0,131 429 0,163 923 1,383 006 0,673 655
12 0,204 274 0,327 091 0,318 712 0,878-798 1,047 689
13 0,529 982 0,848 323 0,778 983 0,679 756 1,589 037
14 1,024 948 1,567 513 1,383 174 0,812 36 2,138 626
15 1,611 695 2,224 027 1,853 992 1,074 702 2,470 827
16 2,210 689 2,555 06 1,914 123 1,257 323 2,361 764
17 2,707 415 2,464 566 1,514 827 1,255 967 1,798 213
18 2,938 8 2,087 879 0,908 33 1,112 456 1,059 264
19 2,739 32 1,577 111 0,386 991 0,879 309 0,444 481
20 2,090 874 1,056 343 0,111 76 0,608 183 0,123 304
21 1,261 564 0,595,102 0,014 829 0,348 921 0,012 552
22 0,552 14 0,256 718 0,001 818 0,151 12 0
23 0,163 627 0,076 096 0,000 54 0,044 757 0
24 0,020 443 0,009 446 0 0,005 639 0
25 0 0 0 0 0

D.} At1a3 A1:OM4 DMD requirements

D.3.1 General

Ate-3 A1*OM4 fibres selected using the DMD mask method shall meet the requirementg of

D.3.2¢and D.3.3. See Clause D.1 for supporting information. The radial limits, Rj\ngr @nd

ROU—WER, Were established for transmitters meeting the requirements ol Clause E.4.

Refer to Annex E for information regarding effective modal bandwidth (EMB).

D.3.2 DMD templates

Ata-3 A1-OM4 fibres shall meet at least one of the three templates in Table D.4, each of which
includes an inner and outer mask requirement, when measured according to IEC 60793-1-49.
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Table D.4 — DMD templates for-At1a.3 A1-OM4 fibres

Template number

Inner mask DMD (ps/m) for
Riyngr = 5 um to Rgyreg = 18 um

Outer mask DMD (ps/m) for
Riyner = 0 um to Rgyreg = 23 pm

1 <0,10 <0,30
2 <0,11 <0,17
3 <0,14 <0,14

D.3

.3 DMD interval masks

The-Ata-3 A1-OM4 fibre DMD shall not exceed 0,11 ps/m for any of the radial offsetintérvals

giv

en in Table D.5 when measured according to IEC 60793-1-49.

Table D.5 — DMD interval masks for-A4a-3 A1-OM4 fibres

Interval number R\nnEr Router
pm pm
1 7 13
2 9 15
3 11 17
4 13 19

D.4

A
Se

D.4

Th
con

req

wh

mir

4 A1a3 A1-OM4 fibre EMB, requirements

| General

b the introductory text for Table D23 in D.2.2 for supporting information.

.2 Calculated effective bandwidth

e DMD optical pulse shapes can be weighted by a set of launch distributions to determin
responding set of EMB_ values. The minimum EMB_ (minEMB,,) within this set shall meet

uirement of Equation (D.2):

minEMB, = 4 160 MHz-km

bre
EMB_. is determined from the complex transfer function as described in IEC 60793-1

@.

b3 A1-OM4 fibres selected using . the EMB. method shall meet the requirements of D.4.2.

ke a
the

49

D.5

D.5.1

using the weights defined in Table D.3.
Ada-4 A1-OMS5 fibre modal bandwidth requirements

General

Ata-4 A1-OMS5 fibres shall meet the requirements of D.5.2 and D.6. See the introductory text

for

Table D.3 in D.2.2 for supporting information.
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D.5.2 Calculated effective modal bandwidth

The DMD optical pulse shapes shall be weighted by a set of launch distributions to determine
a corresponding set of EMB, values. The minimum EMB; (minEMB,) within this set shall meet

the requirement of Equations (D.3) and (D.4):
minEMB, > 4 160 MHz-km at 850 nm (D.3)
minEMB_ > 2 190 MHz-km at 953 nm (D.4)
whegre
minEMB, is determined from the complex transfer function as described in IEC 60793-1149
using the weights defined in Table D.3.
D.¢6 A1-OM2, A1-OM3, A1-OM4 and A1-OM5 calculated overfilled modal
bandwidth
The DMD optical pulse shapes shall be weighted for A1-OM2, A1-OM3 and A1-OM4 fibres| by
thel launch distribution of Table D.6 to determine a correspondingyOMBc value at 850 nm. for
A11OMS5 fibres, the launch distribution of Table D.6 shall be used to determine a correspondjiing

val
41

e at 850 nm and 953 nm. The weights of Table D.6 aresthe same as those in IEC 60793
for method C.

1-
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Table D.6 — DMD weighting for OMB_.

Radial position, r OFL weighting

um

0 0

1 0,000 73
2 0,001 57
3 0,002 53
7 0,003 62
5 0,004 87
6 0,006 31
7 0,007 95
8 0,009 83
9 0,011 98
10 0,014,43
11 07017 25
12 0,020 46
13 0,024 14
14 0,028 36
15 0,033 17
16 0,038 69
17 0,045 00
18 0,052 21
19 0,060 47
20 0,069 92
21 0,080 73
22 0,093 10
23 0,107 25
24 0,123 45
25 0,141 97
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Annex E
(informative)

System, modal bandwidth, and transmitter considerations

E.1 Background

When a multimode f|bre is used W|th laser transmitters, the bandW|dth of the combination may

ver
iyen
ns

10 |simulated lasers is believed to be conservative compared to‘commercially available lasers
but narrower than the set of theoretical lasers in the original TIA model shown in Figure E.2
[13]. The chosen lasers exhibit a variety of coupled mode power distribution characteristics:
some with power more concentrated in lower order modes,‘some with power more concentrafed
in |[higher order modes, and some with both low, order and high order mode poyer
corncentrations.

By|using lasers which couple primarily into modes with well bounded delays, minimum modal
bapdwidth can be ensured. IEC 61280-1-4 can be used to measure the launch condition of lager
trapsmitters into multimode fibre [15]. Appropriately selected launch condition specificatifns
can restrict the modes of the fibre used_by the transmitters primarily to those with appropriafely
limjted differential mode delays.

A minimum modal bandwidth-length product can be ensured by combining a transmitter meetling
thel specifications in Clause E@ below with a 50 um fibre meeting the specifications in Annex D.

E.2 System considerations

E.2.1 Ata2 AT~OM3 and-Ata-3 A1-OM4 fibres

Refer to Clause E.3.

E.4.2 Ata-4 A1-OMS fibre

Fibre speciffcations for high data sysStems have been developed using (kK models {16]- 1 he
10 Gb/s and 25 Gb/s models build on the 1 Gb/s link model [16] which includes both a
requirement that the power penalty or margin be positive and that the inter-symbol interference
(IS1) be less than 3,6 dB.

The—-Ata-4 A1-OMS5 fibre specifications were developed using the Excel link models for
IEEE 100GBASE-SR4 (Example MMF Link Model.xls [17]) and Fibre Channel 32GFC
(T11-12-376v0.xlIsx [18]). The link models were used to determine the bandwidth requirements
over the wavelength range from 840 nm to 953 nm. The wavelengths were varied within this
range in the models. In the link models, the dispersion parameters U0 (zero dispersion
wavelength) and SO (zero dispersion slope) were adjusted to new values of 1 328 nm and
0,093 477 ps/(nm2-km) based on round-robin results, and the cabled fibre attenuation was
decreased from 3,5 dB/km to 3,0 dB/km. Both link models are margin-limited over the 840 nm
to 953 nm wavelength range (unlike the IEEE P802.3ae 10GBASE-S model [19] used for OM3,
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which is inter-symbol interference limited to less than or equal to 3,6 dB), and the EMB in the
link model was adjusted to achieve a margin of 0,000 dB. For setting the EMB specification, it
was agreed to use the 32GFC link model with zero margin because the EMB requirements are
higher than for the 100GBASE-SR4 model (that is, bandwidth requirements were chosen that
met requirements of both system link models). The normative EMB specifications are 4 700
MHz-km at 850 nm and 2 470 MHz-km at 953 nm. These are marked with circles in Figure E.1.
With these requirements fulfilled, the expected worst-case EMB lies on or above the system
requirements, as explained in Clause E.3.

E.3 Effective modal bandwidth (EMB)

Dufing the development of fibre-medel-Ata-2 sub-category A1-OM3, a detailed times;domiain
Mopnte-Carlo simulation was used to assess the performance-screening ability of various DMD
majsk and DMD weighting proposals for transmitters meeting the specifications of.Clause E.4
[3]|to [14]. The proposals were judged based on their ability to pass fibres that\did not calise
intgr-symbol interference (ISI1) to exceed a specific value more often than a 0¢5.% rate [13]. The
sp¢gcific ISI value was established via the IEEE 802.3ae link budget spreadsheet [19] for a
channel that included the effects of transmitter rise time, receiver bandwidth, and a fibre With
2 000 MHz-km modal bandwidth. Thus, through the use of the Monte-Carlo simulation, fibfes
meeting the requirements of-medel-Ata-2 sub-category A1-OM3_provide a minimum EMHB of
2 000 MHz-km.

Theé minimum EMB value is aligned with the assumptionsof the IEEE 802.3ae link budpet
sprieadsheet. Of particular relevance is the fact that, in the spreadsheet, the ISI impairment is
elled under Gaussian waveform assumptions for the transmitter and fibre outputs.
Ac¢ording to the results of the Monte-Carlo simulation for fibres passing the requirements, the
spreadsheet relationship between ISI and minimum fibre modal bandwidth is pessimisfic.
Therefore, the calculation of EMB from weighted\DMD included a factor of 1,13 to align the fipre
requirements developed with the time-domain- Monte-Carlo simulation with the spreadshget
el as shown in Equation (E.1).

EMB = 1,13 x minEMB, (4.1)

Th¢ EMB derived by Equation<(E.1) also applies to the Fibre Channel link models. If other
els are used, then a different EMB may be appropriate.

Fibres passing the requirements of Clauses D.3 and D.4 (i.e.-A4a-3 A1-OM4 fibres) provide a
migimum modal bandwidth at 850 nm that is 2,35 times higher than the minimum modal
bapdwidth of those-passing the requirements of Clauses D.1 and D.2 (i.e.-Ata-2 A1-OM3 fibrgs).
As|such, their-minimum EMB is also 2,35 times higher under the same link budget spreadsheet
asgumptions.as stated by Equation (E.2).

EMB > 2,35 x 2 000 MHz-km > 4 700 MHz-km (§.2)

System performance studies with actual fibres and laser sources support this relationship
[20] to [22]. Applications have emerged which will utilize multiple wavelengths in the vicinity of
850 nm to 950 nm. To support these applications, guidance which characterizes the minimum
EMB for A1-OM3, A1-OM4, and A1-OM5 is provided in the form of Equations (E.3) through (E.9)
and Figures E.1 through E.3. These equations should not be extrapolated without due
consideration.

The population of A1-OM3 subcategory fibres generally exhibit estimated minimum EMB
meeting Equations (E.3) and (E.4) which are depicted as two curves from (a) 840 nm to 850 nm
and (b) 850 nm to 953 nm as depicted in Figure E.1. The unit of EMB in the two equations is
MHz-km.


https://iecnorm.com/api/?name=509efe5c978e39ef5316a6103f488ce5

IEC 60793-2-10:2019 RLV © IEC 2019 - 35—

For 840 nm < 4, < 850 nm:

EMB > 1 826 + (2 000 — 1 826) x (4, — 840) / (850 — 840) (E.3)

For 850 nm < A, <953 nm:

EMB > 2 000 x (1,001 0 — 0,980 9x + 0,807 3x2 — 0,430 4x3 + 0,119 4x4) (E.4)
where Q
x |= (4, —850) /(953 — 850) Q}/
E A ,\Cb
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Figure Fq_‘@’Estimated minimum wide band EMB versus wavelength for A1-OM3
The po Qon of A1-OM4 subcategory fibres generally exhibit estimated minimum EMB
mejetj quations (E.5) and (E.6) which are depicted as two curves from (a) 840 nm to 850 jJhm
ang 850 nm to 953 nm in Figure E.2. The unit of EMB in the two equations is MHz-km.

For 840 nm < 4, < 850 nm:

EMB > 3 840 + (4 700 — 3 840) x (4, — 840) / (850 — 840) (E.5)

For 850 nm < 4, <933 nm:

EMB > 4 700 x (1,000 2 — 2,154 9x + 3,270 0x2 — 2,732 8x3 + 0,928 0x*) (E.6)
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where

X

= (4, — 850) / (953 — 850)
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Figure E.2 — Estimated minimum wide band EMB versus wavelength for A1-OM4

res passing the requirements ,of Clause D.5 (i.e.-Adta-4 A1-OM5 fibres) generally exhlfibit

mated EMB meeting Equations™(E.7), (E.8) and (E.9), which are depicted as three straig

ht-

segments from (a) 840 nm,to 850 nm, (b) 850 nm to 930 nm, and (c) 930 nm to 953 nm in
ure E.3. The unit of EMB,in all three equations is MHz-km.
840 nm < 4. < 850nm:
EMB > 3 840 + (4 700 — 3 840) x (4, — 840) / (850 — 840) (H.

850 nm < A, <930 nm:

EMB > 4 700 + (2 565 — 4 700) x (4, — 850) / (930 — 850) (E.8)

For 930 nm < 4, < 953 nm:

EMB > 2 565 + (2 470 — 2 565) x (4, — 930) / (953 — 930) (E.9)

Equations (E.7), (E.8), and (E.9) describe three straight line segments between the minimum
EMB indicated by the 32GFC link model at 840 nm and the two minimum EMBs at the nominal
measurement wavelengths of 850 nm and 953 nm. Equations (E.7), (E.8) and (E.9) are plotted
in Figure E.3 along with values of EMB that close the 32GFC link model. The straight line
segments from 840 nm to 953 nm were carefully established as providing a minimum EMB
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guidance over the wavelength range while not intentionally introducing special fibre design
dependence.
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Figure E.3 — Estimated minimum-wide band EMB versus wavelength for A1-OM5

E.4 Transmitter encircled flux (EF) and centre wavelength requirements

E.4.1 Encircled flux

The¢ DMD radial limitstef'the inner, outer and interval masks specified in Clauses D.1 and [}.3,
and the DMD weightings specified in Clauses D.2, D.4 and D.5, were established in conjunction
with the particular-bounded range of laser launch conditions specified in Equations (E.[10)
and (E.11). Thesminimum modal bandwidth for launch conditions outside of this range has pot
be¢n determined, but will be lower than for launch conditions within this range.

The¢ transmitter launch condition power distribution should meet the requirements of Equatipns
(E.f0)vand (E.11) when measured according to IEC 61280-1-4 [15] with the transmitter cou;j;ed
into a 50-um fibre meeting the specifications of this document.

EF at radius 4,5 pm < 30 % (E.10)

EF at radius 19 um > 86 % (E.11)

The approximate positions of the DMD weightings specified in Table D.3 are depicted in the
Figure E.4 below, relative to the boundaries given in Equations (E.10) and (E.11) [2].
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Figure E.4 — Approximate position of DMD weightings relative to
the EF boundaries\of Equations (E.10) and (E.11)

eral published application standards meet the requirements of E.4.1 and E.4.2 [23] to [2

Centre wavelength for-At1a-2 A1-OM3 and-A1a-3 A1-OMA4 fibres

cause the fibre’s madal delays change with wavelength, the transmitter centre wavelen
uld be kept closetorthe nominal DMD measurement wavelength of 850 nm to achieve
est modal bandwidth performance over the population of passing fibres. It may
ropriate to de-rate the modal bandwidth when the transmitter is not operating at 850 nm
b [1427] foran illustration of bandwidth roll-off for fibres with bandwidth similar to fibre mo
b-3 A1-OM4.

e laser transmitter centre wavelength (1) should meet the requirements of Equation (E.
pnvfested nrrnrding ta IEC 61280-1-3 [?R]
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del

12)

E.4.3

840 nm < 4, < 860 nm

Centre wavelength for-A1a-4 A1-OMS5 fibre

(E.12)

Because the fibre’s modal delays change with wavelength, the highest modal bandwidth
performance is attained when the laser transmitter centre wavelength is between the DMD
measurement wavelengths. When the laser transmitter’s centre wavelength is outside this
range, the modal bandwidth may degrade. See Equation (E.7), (E.8) and (E.9) for advice on
bandwidth values between the DMD measurement wavelengths.
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The laser transmitter centre wavelength (4.) should meet the requirements of Equation (E.13)
when tested according to IEC 61280-1-3 [28].

840 nm < A, <953 nm (E.13)
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Annex F
(informative)

Bandwidth nomenclature explanation

Table F.1 provides explanations of bandwidth parameters that have similar names and
abbreviations.

Table F.1 — Bandwidth nomenclature explanation

Parameter name
and abbreviation

Parameter description

C4

Iculated effective modal bandwidth (EMB )

The calculated modal bandwidth resulting, from a
particular weighting of a particular DMD:-

Mi
(m

himum calculated effective modal bandwidth
inimum EMB_ or minEMB,)

The minimum calculated modal bandwidth resulting
from a particular set of weightings of a particular DMD.

Ef

ective modal bandwidth (EMB)

The modal bandwidth that results from multiplying the
minimum calculated effective-modal bandwidth by 1,1
to arrive at a value aligned/with the assumptions of th
IEEE 802.3ae link model for transmitters compliant tg
Clause E.2.

D W

C4

Iculated overfilled modal bandwidth (OMB )

The calculated ,medal bandwidth resulting from
weighting a particular DMD to simulate an overfilled
launch condition.

IEC 60793-2-10:2019 RLV © IEC 2019
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Annex G
(informative)

Preliminary indications for items needing further study

G.1 Effective modal bandwidth (EMB) at 1 300 nm

Chromatic dispersion properties aIIow DMD measured at one wavelength to be transformed to

fibles meeting the requirements of Annex D for > 2 000 MHz-km EMB at 850 nm will glso
prgvide > 500 MHz-km EMB at 1 300 nm.

Some 1 300 nm laser-based transmitters are defined to operate into both multimode fibre g@nd
single mode fibre. In order to provide better assurance that multimode fibrés; ‘with bandwidth
pefformance specified only on the basis of overfilled launch conditions,. deliver at least their
minimum overfilled bandwidth-length product for 1 300 nm transmitters.designed to launch ipto
single mode fibre (e.g. 1000BASE-LX), IEEE Std 802.3T™™ specifies)the use of offset-laurpch
moide-conditioning patch cords when connecting such transmitters\to this type of multim¢de
fibre.

The offset-launch is implemented by joining a single mode fibfe to a multimode fibre within fhe
pafich cord using a specified range of single mode-to-multimode radial offset. By launchjing
sighificantly off-centre from the single mode fibre into’ the multimode fibre, many modes pre
exg¢ited that produce a mode power distribution cleser to that of an overfilled launch than that
of fhe native launch, which typically strongly excites only low-order modes.

Begause overfilled-launch bandwidth measuréments are heavily dominated by high-order mgde
behaviour, they are insensitive to the behaviour of low-order modes. Therefore, by avoidIng

strong excitation of the low-order modes; the offset-launch patch cord eliminates dependence
on the behaviour of these poorly-characterized modes, and improves the correlation betwgen
minimum system bandwidth and the overfilled launch bandwidth-length measurement.

However, because the DMDJ\test procedure does measure low-order mode behaviour, i is
capable of bounding the lower limit of bandwidth-distance product for the native launcheq of
thelse 1 300 nm transmitters. Fibres meeting-Ata-2 A1-OM3 and-Ata-3 A1-OM4 specificatipns
arg optimised for peakibandwidth at 850 nm, and have specifically limited low-order mode DNID.

Opgrating at wavelengths different from the peak wavelength introduces a systematic increase

without the use of mode cond|t|on|ng patch cords.

G.2 Scaling of EMB with DMD

Different effective modal bandwidth-length products can be derived from the templates and
interval masks defined in Clauses D.1 and D.3 simply by scaling EMB in inverse proportion to
DMD temporal width, provided the following three conditions are met:

1) the fibre is used with transmitters meeting the specifications in E.4.1;

2) the radial offset limits of the templates are not changed; and

3) the overfilled modal bandwidth-length product requirements are scaled in direct proportion
to the EMB.
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This scaling ability is substantiated by the following relationships. From the waveguide theory,
the mode power distribution of the transmitter relates directly to the radial extents of the inner
and outer DMD masks. The operating wavelength range constrains operation in close proximity
to the nominal DMD measurement wavelength to minimise modal bandwidth changes due to
wavelength. With the mode power distribution and the radial extent of the DMD masks fixed,
and the operating wavelength range unchanged, scaling is supported by the inverse
proportionality between RMS pulse width and bandwidth [29] [30]. In this case, the RMS pulse
width equates to the DMD temporal width. Scaling the overfilled bandwidth in direct proportion
to the desired EMB maintains the established proportionality between the DMD and overfilled
bandwidth.

Forf example, an effective modal bandwidth-length product at 850 nm of > 1 000 MHz-km~(ope-
half of 2 000 MHz-km) can be provided with fibre meeting any of the six DMD templates-giyen
in Clause D.1, with each template having double the DMD temporal width in both the\inner and
oufer masks, and an overfilled bandwidth-length product of > 750 MHz-km.
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Annex H
(informative)

— 43—

Applications and cabling categories supported by A1 fibres

H 4 Standardised lieati

Table H.1 shows various

rec
ma

internationally standardised applications, as well as other

y other applications not specifically listed may also be supported.

Table H.1 — Some standardised applications supported by
Ata A1-OM2, A1-OM3, A1-OM4, A1-OMS5 fibres and in some cases-A1b A1-ONH fibrep

nd

Application Source Name
1GFC ISO/IEC 14165-115 1-Gigabit Fibre Channel
2GFC ISO/IEC 14165-115 2-GigabityFibre Channel
4GFC ANSI/INCITS 479 4-Gigabit Fibre Channel
8GFC ANSI/INCITS 479 8-Gigabit Fibre Channel
10GFC ISO/IEC 14165-116 10-Gigabit Fibre Channel
16GFC ANSI/INCITS 479 16-Gigabit Fibre Channel
32GFC ANSI/INCITS 512 32-Gigabit Fibre Channel

1000BASE-SX

ISO/IEC/IEEE 8802-3

Gigabit Ethernet

1000BASE-LX

ISO/IEC/IEEE 880223

Gigabit Ethernet

10GBASE-S

ISO/IEC/IEEE@8802-3

10-Gigabit Ethernet

25GBASE-SR

ISO/IEC/IEEE 8802-3

25-Gigabit Ethernet

40GBASE-SR4

ISO/IEC/IEEE 8802-3

40-Gigabit Ethernet

100GBASE-SR10

ISO/IEC/IEEE 8802-3

100-Gigabit Ethernet

100GBASE-SR4

ISO/IEC/IEEE 8802-3

100-Gigabit Ethernet

0]
=

E*
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Historically-I1SOHNEC 11804:2002 also-defined OM2 cables made with- 62 5/125 um-fibresshavinraa-minimyu

RS eV gaHHH AR

=
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Annex |
(informative)

1-Gigabit, 10-Gigabit, 25-Gigabit, 40-Gigabit and
100-Gigabit Ethernet applications

Annex | is intended to outline a summary of category-Ataand-Atb A1-OM2, A1-OM3, A1-OM4,
A1-OM5 and A1-OM1 fibre requirements and related transmission capabilities for the 1-Gigabit,
10-Gigabit, 25-Gigabit, 40-Gigabit, and 100-Gigabit Ethernet application standards developed

wit
lau

Ta

ch" applications.

le 1.1 shows a summary of 1 Gb/s, 10 Gb/s, 25 Gb/s, 40 Gb/s and 100 Gbis, Ether

el and listed by increasing data rate. For each line item, there is an_ihdication of
lication link length and the requirements on transmitter launch characteristics. T
uirements of the transmitter launch characteristics are of three types.

Offset-launch mode-conditioning patch cord for 1 300 nm operations;’defined in IEEE 802

Coupled power ratio (CPR) > 9 dB and avoidance of radial-oeverfilled launch (ROFL)
1 Gb/s 850 nm operations on fibres characterised solely “by overfilled launch (O
bandwidth. CPR is defined in IEC 61280-4-1:2009; ROFL. is“defined in IEEE 802.3.

Encircled Flux (EF) requirements for 10 Gb/s, 25 Gb/s, 40 Gb/s and 100 Gb/s 850

the
'he

.3.
for

FL)

nm

operation on fibre models-Ata-2,-Ata-3 A1-OM3, A1-OM4 and-Ada-4 A1-OM5 with effecfive

modal bandwidth ensured by DMD measurement.)The EF requirements are: EF at 4,5
radius < 30 % and EF at 19,0 um radius > 86 %. For EF measurements,
IEC 61280-1-4.

um

$ee



https://iecnorm.com/api/?name=509efe5c978e39ef5316a6103f488ce5

IEC 60793-2-10:2019 RLV © IEC 2019

— 46 —

% L8
Z snipel
wrt )
1e 43 ‘% 0¢
2 snipes wnr
Gie 43 1o
pJod yojed
yaounej WY LINO
0ce -19S40 -3Sv4do0lL ‘st 140 104 009 ‘st ‘st ‘su ‘s'u THO 404 091 ol AR 124
% 98
Z snipel
wr 06l
pJoo yojed 1e 43 ‘% 0£
younej| X1 S snipeJ ww LINO
00¢ -19sH0 -3Sv4do0lL ‘s'u 140 404 00S €e G'vie'dq S-3Sv4d9O0l ‘s'u THO 4104 00¢C ol HA A 124
%,98 <
shipeu
wr 0'6l
plod yojed 1e 43 ‘% 0¢
younej X1 S sniped wrl LINO
00¢€ -19sHi0 -3Sv4d90lL ‘st 140 104 00G 9¢ G'v e 43 S-3Sv4do0l ‘st THO 404 091 ol AR 124
pJod yojed 1404
yaounej X1 ploAe ‘gp XS LINO
0SS -19s40 -3Sv4d000lL ‘st 140 104 009 VA4 6 <ddO -3Sv4000lL ‘st 1HO 404 00¢ l AR 124
pJoo yojed 1404
younej X1 ploAe ‘gp XS LINO
0SS -19si0 -3Sv4d0001L ‘s'u 140-404°00G 0ce 6 <ddO -3Sv4a000l ‘s'u 1HO 404 091 l HA A 124
Wwy-ZHIN
wy-zHIN wy-ZHIN juswaliinbau wy-ZHIN
juswaainbau uonipuod youne| o1}1puod
younejp younej ju Bunesw no::m_ Ju
Bunpesw awainseaw siajpjlwsuet) | ajusainseaw
siajusuesy pajeoipul 10} bajesipul
Hos Uipimpueq 104 yipimpueq 104
juswaainbau jepow yjpimpueq juswaainbau lepow Uipimpueq
w ysune| e ANd 9A1}09)40 |lepow w yoaune| e AINd 9A1}08)40 |lepow
y3Bus| yuI | Jepiwsuesl || €208 I3[ wnwiuliy wnwiuliy yibua| yurq | sepwisuel ) €208 3331 wnwiuliy unwiutiN
|Jopow
wy 90e+ tuu oss s/q9 10 AiobBajes
yjbuajanem |euiwon ajes g -qns aiqi4

saljijiqeded pUE STUSWRNNMbIT J3UISUTT S/OD 00F PUE S/AD 0F 'S/UD G¢ 'S/AD 0F 'S/AD | Jo ATewwns — |°| 3|qel



https://iecnorm.com/api/?name=509efe5c978e39ef5316a6103f488ce5

—47 —

IEC 60793-2-10:2019 RLV © IEC 2019

% 98 <
snipel
wr 06l
pJod yojed 1e 43 ‘% 0¢
youne| X1 S snipes wri ZNO
00¢ -19si0 -3Sv4do0l ‘s'u 140 404 00S Z8 G'vie 43 S-3SvE90l ‘s'u THO 4104 00§ oL HA A 22
% 98 <
snipel
wr 0'gl
pJoo yojed 18 43 ‘% 0¢g
younej X1 S snipeJ ww ZINO
(0} 24 188440 -3Sva90l} 'su 140 104 00V 99 G'vleldq S-3ISv4do0l 'su THO 104 00V oL HA A2 12
pJoo yojed 7404
youne| X1 plone ‘gp XS ZNO
0ss -18sl0 -3SVv4000} ‘st 140 4104 005 0SS 6 <ddO -3Sv40001L su 1HO 104 00S l HA A2 12
pJoo yojed 7404
youne| X1 ploAe ‘gp XS ZNO
0SS -19sl0 -3Sv4d000lL ‘s'u 140 104 00¥ (001} 6 <ddO -3Sv40001L ‘s'u THO 404 00% l HA A 212
% L8
Z snipel
wr |y
1e 43 ‘% 0¢
Z snipes wn
Gled3.o
pJoo yojed
younej WY1 LNO
0ce 188440 -3Sva90l} su 140 104 00S ‘'su ‘'su ‘'su ‘'su THO 104 00¢ oL HAA: 124
Wwy-ZHIN
WY -ZHIN WY-ZHIN juawalinbau wy-ZHIN
juawaunbau uoljipuod youne| ol}Ipuod
yoaune| younej ju Buneaw no::m_ ju
Bunyeaw awalinseaw slajjiwsues) | ajuainseaw
slajjiwsued) pajeaipul 10} bajeolpul
40} Yyipimpueq 104 yipimpueq 104
juswaainbau lepow yjpimpueq juswaainbau lepow yipimpueq
w youne| e QINd 9AI}09})9 lepow w youne| e AINd 9AI}09})9 lepow
yjbua| julq | J9)1wisuel) | |¢208-333l wnwiuliy wnwiuliy yibus| yurq | seniwisuel) | €°Z08 333 wnwiuiiy punwiutiN
|1opow
W5 00 | wu 0sg s/q9 10 KioBajes
yjbuajanem |euiwon ajes ug -qns aiqi4



https://iecnorm.com/api/?name=509efe5c978e39ef5316a6103f488ce5

IEC 60793-2-10:2019 RLV © IEC 2019

— 48 —

% L8
Z snipel
wr |
1e 43 ‘% 0¢
< snipel WY1 140 ENO
0ce wrl G je 43 -3Sva90l} 'su 140 104 00S ‘st ‘st ‘s'u 000 ¢ 10} 006G L ol -V TetV
% 98 <
snipel
wr 06l
pJ409 yojed je 43 ‘% 0¢
youne, X1 s snipes wr 740 ENO
00¢ -18s440 -3Sva90l} su 140 104 00S 00¢ G'v e 43 S-3Sv4do0l 000 ¢ 10} 006G L ol -V Tetv
% L8
Z snipel
wrt )
1e 43 ‘% 0¢
Z snipes wn
gie 43 .o
pJod yojed
youne| WY1 ¢NO
0ce -19si0 -3Sv4do0l ‘s'u 140 4104 00§ sy ‘s'u ‘s'u ‘s'u THO 4104 00§ ol HA A 212
% L8
Z snipel
wn |
1e 43 ‘% 0¢
2 snipes wnr
Gile d43.o
pJoo yojed
younej WY1 ZINO
00} 188440 -3Sva90l} ‘'su 140 104 00S ‘'su ‘'su ‘'su ‘st TTHO 104 00¥% ol -V ety
Wy-ZHIN
WY -ZHIN WY-ZHIN juawalinbau wy-ZHIN
juawaunbau uoljipuod youne| ol}Ipuod
yoaune| younej ju Buneaw no::m_ ju
Bunyeaw awalinseaw slajjiwsues) | ajuainseaw
siajjlwsues) pajeaipul 10} bajeaipul
40} Yyipimpueq 104 yipimpueq 104
juswaainbau lepow yjpimpueq juswaainbau lepow Yipimpueq
w youne| e QINd 9AI}09})9 lepow w youne| e AINd 9AI}09})9 lepow
y3Bus| yur | Jepiwsuel] || €:208-333l wnwiuliy wnwiuliy yibus| yurq | seniwisuel) | €°Z08 333 wnwiuiiy punwiutiN
|Jepow
W5 00 | wu 0sg s/q9 10 KioBajes
yjbuajanem |euiwon ajeu Jig -qns aiqi4



https://iecnorm.com/api/?name=509efe5c978e39ef5316a6103f488ce5

— 49 —

IEC 60793-2-10:2019 RLV © IEC 2019

% 98 <
snipel SINO
wr 0'61 LY ey
je 43 ‘% 0¢ 10
s snipeJ wnr 740 ¥INO
'su 's'u 'su 's°u 740 404 00§ 00v G'vie 43 S-3ISVE0L 00. ¥ 0} 006G € oL -LV €8ty
% 98 <
snipel
wn 0‘6l
e 43 ‘% 0¢
S snipes w ¥yS gEfe) €NO
's'u 's'u 's'u 'su 740 404 00§ 0. G'v1e 43 <ASVv99001 0002 0} 006G | 00l -V ZetY
% 98 <
sniped
wr 061
1e 49V'% o¢
Sishiped wri 0Lds 140 ENO
'su 'su 'su 's°u 740 404 00§ 00l G'v1e 43 -3SVYE9001 000 ¢ o) 005 | 00} -V TehY
% 98 <
snipel
wr 06l
1e 43 ‘% 0¢
S snipes w ¥yS 140 ENO
‘s’ 's'u 's'u 'su 740 404 00G 001 G'v1e 43 -3SVgO0Y 0002 0} 006G | (0}% -V ZetY
% 98 <
snipel
wr 0'6l
e 43 ‘% 0¢
S snipeds wri SIS 740 ENO
'su 'su 'su 's°u 740 404 00S 0. G'v1e 43 -38vE9se 000 ¢ o) 005 | T4 -V TehY
wy-ZHIN
WY -ZHIN WY-ZHIN juawalinbau wy-ZHIN
juawadinbau uoljipuod youne| ol}ipuod
yaune| younej ju Buneaw no::m_ u
m:_uwwE awalnseaw sJi9jjlwsuel) apuailnseaw
sJajjlwsuesy pajeoipul 10} bajeoipul
40} Yipimpueq 104 yipimpueq 104
juswaiinbai |lepow yipimpueq juswaiinbai |lepow yipimpueq
w younej e QINd 9Al1)09})d |epow w youne| e AINd 9Al1)098})d |epow
yjbua| julq | J9)1wisuel) | |¢208-333l wnuwiuly wnuwiuly y3bua| yulq | Joplwisuesl | €208 3331 | wnwiuly unwituiy
|9pow
W5 00 | wu 0sg s/q9 10 KioBajes
yjbuajanem |euiwon ajes J1g -qns aiqi4



https://iecnorm.com/api/?name=509efe5c978e39ef5316a6103f488ce5

IEC 60793-2-10:2019 RLV © IEC 2019

— 50 -

"$S0| 99|ds puB UOI}08UUO0D gp 0A)WNUIXeW Y}M yul| paissulbus ue si siyl
‘winipaw UOISS|WSUBI) 8y} 0} S}08UU0D Jey) ‘J9AI9dSUel) B SB yoNns ‘90/sp/e Joj ainjejouswou ¢'z08 3331 9Ul = ANd e
paljloads jou = “s'u
Aoy
% 98 <
snipel SO
wr ‘6l -LV ety
18 43 ‘% 0¢ J0
> snipeJ ww 1255 140 YINO
'stu 'stu 'stu 'stu 140 404 00S ool S'v e 43 =3ASVd900!L 00 ¥ 104 00S € 00} -LY €8ty
% 98
Z snipel SNO
wr 0Bl -LVY ety
1e 43V'% 0¢ ile
>Shipel ww 0Lds 140 YINO
‘st ‘st ‘st st 140 104 00S q 0§l G'v e 43 -3SV4g9001L 00 ¥ 104 00S € 0ol HAA 24
% 98 <
snipel SO
wr ‘6l -LV ety
18 43 ‘% 0¢ lo
S snipeds wri 1255 140 YINO
'stu 'stu 'stu 'stu 140 404 00S q 0§l S'v1e 43 -3SVE90¥y 00 ¥ 104 006G € oy HAZ 227
% 98 <
snipel SO
wrl 0'61 -LV eby
1e 43 ‘% 0¢ Jo
> snipel ww ds 140 YO
‘'su ‘'su ‘'su ‘'su 140 104 00S 00} G'v e 43 -3SV4g9Sse 00 ¥ 104 00S € 14 HAA 32
WH-ZHIN
WY -ZHIN WY-ZHIN juawalinbau wy-ZHIN
juawaunbau uoljipuod youne| ol}Ipuod
yaunej younej ju Buneaw no::m_ ju
Bunyeaw awalinseaw slajjiwsues) | ajuainseaw
slaplwisuedy pajeoipul 104 bajeaipul
40} Yyipimpueq 104 yipimpueq 104
juawalinbai lepow yipimpueq juawauinbai lepow Yipimpueq
w youne| e QINd 9A1}09)40 |lepow w youne| e AINd 9A1}09)40 lepow
y3Bus| yur | Jepiwsuel] || €:208-333l wnwiuliy wnwiuliy yibuas| yurq | 1epiwisuel)l | €208 3331 | wnwiuly punwiutiN
|apow
W5 00 | wu 0sg s/q9 10 KioBajes
yjbuajaAnem jeujwoN ajeu Jig -qns aiqi4



https://iecnorm.com/api/?name=509efe5c978e39ef5316a6103f488ce5

IEC 60793-2-10:2019 RLV © IEC 2019 - 51—

[1]

(2]

Bibliography

H. Murata, Handbook of Optical Fibers and Cables, 2"d Edition. New York: Marcel
Dekker Inc., 1996, Figure 22

J. Abbott, S. Bickham, P. Dainese, M. Li, "Fibers for Short-Distance Applications",
Chapter 7 in Optical Fiber Telecommunications VIA. New York: Elsevier, 2013,
Figure 7.3

I Rt Abbaott_"Nas Daolaoyvw. St for TIA MAAAIL “ \Alhita
e

(3]

[4]

(5]

[6]

[7]

8]

(9]

(10}

[11]

[12]

Bano.
g l\ll.Uul, u. TYOIoOTe ™NEW uuluy oCTT 10T HANOaeHh AL ~4 1 ~A~3

priewed-2017-07-041. Available at: http://www.tiaonline.o g/

J. Ritger, J. Abbott, "Fiber Delays for 10 Gb Risk Assessment", Presentationdo FO2.2.1,
June 25, 2001-priewed-2017-07-04]. Available at: http://www.tiaonline.org/

P. Kolesar, "Source Characteristics Development", Presentation to FO2.2.1, June 2001

priewed-2017-07-041. Available at: http://www.tiaonline.org/

S. Golowich, J. Ritger, P. Kolesar, "Simulation of 50 um 10°Gb Links", Presentation to
FO2.2.1, June 25, 2001-prewed 2047-07-04]. Available at:-http://www.tiaonline.org/

S. Golowich, P. Kolesar, J. Ritger, G. Giaretta, "Modelling, Simulation, and Experimental
Study of a 50um Multimode Fiber Serial 10 Gb Link", Presentation to IEEE 802.3pe,
May, 2000 [viewed-2047-07-04 2019-01-30]. Ayailable at:

http://grouper.ieee.org/groups/802/3/ae/public/may00/golowich_1_0500.pdf

J. Ritger, "Risk Analysis: EF limits and®Wavelength Dependence", Presentation| to
FO2.2.1, June 25, 2001-fviewed 204707-04]. Available at: http://www.tiaonline.org/

S. Golowich, P. Kolesar, J. Ritgér, P. Pepeljugoski, "Modelling and Simulations for[10
Gb Multimode Optical Fiber Link Component Specifications”, OFC 2001, paper WDD57

P. Pepeljugoski, S. «Golowich, "Measurements and simulations of intersympol
interference penalty~in-new high speed 50 um multimode fiber links operating at|10
Gb/s", OFC 2001, paper WDD40

J. Ritger, "Use)of Differential Mode Delay in Qualifying Multi-Mode Optical Fiber for[10
Gbps Operation", OFMC 2001-paper

M. Hagkert, " ITA FO-2.2.1 March 12, 2001 Update", March 2001 IEEE Plenary [viewed
204707-04 2019-01-30].
Available at: http://grouper.ieee.org/groups/802/3/ae/public/mar01/hackert_1_0301.pdf

[13]

P. Pepeljugoski, M. Hackert, J. Abboff, S. Swanson, S. Golowich, J. Ritger, P. Kolesar,
C. Chen and P. Pleunis, "Development of System Specification for Laser Optimized
50 um Multimode Fiber for Multi-gigabit Short Wavelength LANs", J. Lightwave Tech.,
volume 21, No. 5, p. 1256-1275, May 2003

[14]

[13]

P. Pepeljugoski, S. Golowich, J. Ritger, P. Kolesar, A. Risteski, " Modeling and
Simulation of Next-Generation Multimode Fiber Links", J. Lightwave Tech. Vol. 21, No. 5,
p. 1242-1255, May 2003.

IEC 61280-1-4, Fibre optic communication subsystem test procedures — Part 1-4:
General communication subsystems — Light source encircled flux measurement method



https://iecnorm.com/api/?name=509efe5c978e39ef5316a6103f488ce5

[16]

[17]

[18]

- 52 - IEC 60793-2-10:2019 RLV © IEC 2019

D. Cunningham and W. Lane, Gigabit Ethernet Networking. New York: Macmillan
Technical Publishing, 1999 (Chapter 9 — The Gigabit Ethernet Optical Link Model)

IEEE 100G-SR4 Example MMF Link Model.xls, Petrilla [viewed-2047-07-04 2019-01-30].
Available at: http://www.ieee802.org/3/bm/public/may13/index.html

32G Fibre Channel Model T11-12-376v0, Cunningham 9/27/2012 [viewed-2047-07-04
2019-02-25].

Available at:-itestbrnrn il cralibo bl oo i oL 200 2 7 EneDsdlese
https://standards.incits.org/apps/group public/document.php?document id=105920&w

(19

[20]

[21]

[22]

[23]

[24]

[29]

[26]

(27

g_abbrev=t11

IEEE P802.3ae 10Gb/s Ethernet Task Force Link Budget Spreéadshget
(Version 3.1.16a) [viewed-2047-07-04 2019-01-30]. Available at:
http://grouper.ieee.org/groups/802/3/ae/public/index.html

C. Caspar, R. Freund, F. Achten, A. Gholami, G. Kuyt ,P. Matthijsse and D. Molin "Implact
of Transceiver Characteristics on the Performance of 10 GbE ,Links Applying OM-4
Multimode Fibers", Proceedings of the 57th IWCS Conferenge,-p. 295-303, Novemper
2008

A. Sengupta, "Simulation of 10GbE Multimode Optical Communications Systen)s”,
Proceedings of the 57th IWCS Conference, p. 320-3267 November 2008

G. Oulundsen lll, Y. Sun, D. Vaidya, R. Lingtei. Jr., T. Irujo, D. Mazzarese, "Important
Performance Characteristics of Enhanced“~OM3 Fiber for 10 Gb/s Operatign",
Proceedings of the 57th IWCS Conference; p327-334, November 2008

IEEE Std 802.3TM-2015, IEEE Standard for Ethernet, Clause 52 for 10GBASE-S, Clalise
86 for 4A0GBASE-SR4 and 100GBASE-SR10, Clause 95 for 100GBASE-SR4, Clause 112
for 25GBASE-SR3

ISO/IEC 14165-116, Information technology — Fibre channel — Part 116: 10 Gigabit-fipre
ehannet (10GFC)

ANSI/INCITS 479:2011, Information Technology — Fibre Channel — Physical Interface —
5 (FC-PI-5), for:400-SN (4GFC), 800-SN and 800-SA (8GFC), 1600-SN (16GFC) 4

ANSI/INCGITS 512-2015, Information Technology — Fibre Channel — Physical Interface-6
(FC-RI26), for 3200-SN (32GFC)

OM3, OM4, OM5 Modal Bandwidth Over Wavelengths for WDM, IEEE 802.3 NGMMF
Study Group, 01-2018 [viewed 2019-01-30]. Available at:
hitp-//grouper ieee org/groups/802/3/INGMMFE/public/land8/kolesar NGMME 01 jani8.

[28]

pdf

IEC 61280-1-3, Fibre optic communication subsystem test procedures — Part 1-3:
General communication subsystems — Central wavelength and spectral width
measurement

3 This publication has been withdrawn and replaced by IEEE Std 802.3-2018, but for the purposes of this document,
it is given as a reference.

4 This publication has been withdrawn, but for the purposes of this document, it is given as a reference.


https://iecnorm.com/api/?name=509efe5c978e39ef5316a6103f488ce5

IEC 60793-2-10:2019 RLV © IEC 2019 - 53 -

[29] R. G. Smith and S. D. Personick, Receiver design for optical communication systems.
In Topics in Applies Physics, Vol. 39, Semiconductor Devices for Optical
Communications, H. Kressel (ed.). Berlin: Springer-Verlag, 1982

[30] Gair D. Brown, Bandwidth and rise time calculations for digital multimode fiber-optic data
links. JLT 10, no. 5, p. 675-678, 1992 May

Non-numbered references

|[EG680793.2 10'9017, ﬂpﬁr\al fibros Paort 2.10- DProdiict epnr‘iﬁ'r‘nﬁnne Sectiohal
specification for category A1 multimode fibres

IEQ 60794-1-1, Optical fibre cables — Part 1-1: Generic specification — General
IEQ TR 62048:2014, Optical fibres — Reliability — Power law theory
ISQ/IEC 11801:2002, Information technology — Generic cabling for customer premises®

ISQ/IEC 11801-1:2017, Information technology — Generic cabling\for customer premisey —
Paft 1: General requirements®

ISQ/IEC 14165-115, Information technology — Fibre chanhél’— Part 115: Physical interfages
(FQ-PI)

ANISI/INCITS 479
AN O 44—~ HHO

ISQ/IEC/IEEE 8802-3, Information technology <-Telecommunications and information exchange
belween systems — Local and metropolitan‘area networks — Specific requirements — Parf 3:
Stgndard for Ethernet

5 This publication has been withdrawn and replaced by ISO/IEC 11801-1:2017 and ISO/IEC 11801-2:2017, but for
the purposes of this document, it is given as a reference.



https://iecnorm.com/api/?name=509efe5c978e39ef5316a6103f488ce5



https://iecnorm.com/api/?name=509efe5c978e39ef5316a6103f488ce5

IEC 60793-2-10:2019-05(en-fr)

IEC

IEC 60793-2-10

Edition 7.0 2019-05

®

INTERNATIONAL
STANDARD

ORME &

N
INTERNATIONALE o
N4
Lol
q;'\ b
‘b/
,\Q>
Q)Q
O
SV
Optical fibres — o)
Part 2-10: Product specifications — Sectio&@pecification for category A1
multimode fibres N
N

QO
Fibres optiques — \QQ
Partie 2-10: Spécifications de pr: ’ﬁlts — Spécification intermédiaire pour les
fibres multimodales de catég&@ A1

xO
O
o

>

//
/
/ /
/
.'/ :

y 1 // % //7// ' //”,'Z///
A s
Y/ s

/ // /// /,/ / /

//?

//
/(/

/M;/ //
iy X\( /)

/
/,/

|


https://iecnorm.com/api/?name=509efe5c978e39ef5316a6103f488ce5

-2- IEC 60793-2-10:2019 © IEC 2019

CONTENTS
FOREWORD ...ttt e e et et e e et et e e et et e e e e e e e e e e e e e e e e eanneenns 5
1 1T o 1= S 7
2 NOIMALIVE FEIEIENCES ..ottt et et et et e et e ea s 8
3 Terms and definitionNs ... 9
4 Abbreviated term S .o e 10
5 —SpecificatioRs T T T TR T 10
5.1 L= a1 - PP 10
5.2 Dimensional requiremMents. ... . ..o T 10
6.3 Mechanical requirements ..........cooiiiii i B, 12
6.4 Transmission requiremMents ...... ..o LV 12
6.5 Environmental requiremMents ... ..o ek e 14
5.5.1 General ..o 14
5.5.2 Mechanical environmental requirements (common to all fibres in
CatEOrY A o L D T 15
5.5.3 Transmission environmental requirements.......... &7 16
Anpex A (normative) Specifications for sub-categories A1-OM2) A1-OM3, A1-OM4 and
A110M5 multimode fibres..... ..o NS 17
A1 General ..o R 17
A.2 Dimensional requirements...... ..o e 17
A.3 Mechanical requUIremMeENnts .. ... 18
A4 TransmissSion reqUIrEMENtS .. ...l e e e e e e 18
A5 Environmental requirements ... . . 20
Anpex B (normative) Specifications for sub-category A1-OM1 multimode fibres .................. 21
B.1 General ..o 21
B.2 Dimensional reqUIremM e S ... .o e 21
B.3 Mechanical reqQUIremMENTS . ... e 21
B.4 TransSmisSiON FeQUITEMENTS ... .o e e e e 22
B.5 Environmental.requirements ... 22
Anpex C (normative) «Specifications for sub-category A1d multimode fibres ........................ 23
C.1 LT =T = e 23
C.2 Dimensional reqUIremMENtS. .. ... 23
C.3 Mechanical reqQUIremMeENtS ... .. .o 23
C.4 T ranSMIiSSION FEQUITEMENTS ... vttt e e e e eas 24
C.5 Environmental requirements ... ... 24
Annex’D (normative) Fibre differential mode delay (DMD), calculated effective modal
bandwidth (EMB) and calculated overfilled modal bandwidth (OMB) requirements............. 25
D.1 A1-OM3 fibre DMD requUIir€mMents .........couiiuiiiiiiii e 25
D.11 LT o= = | 25
D.1.2 DMD templates ..o 25
D.1.3 DMD interval Masks ... ..o 26
D.2  A1-OM3 fibre EMB¢ requirements ... 27
D.21 LT o= = | P 27
D.2.2 Calculated effective bandwidth ... 27
D.3 A1-OM4 DMD requUIr€mMents . ... e e 29

D.3.1 GNEIAL . s 29


https://iecnorm.com/api/?name=509efe5c978e39ef5316a6103f488ce5

IEC 60793-2-10:2019 © IEC 2019 -3-

D.3.2 DM D 1M PIate s . e 29
D.3.3 DMD interval Masks . ... 30
D.4  A1-OM4 fibre EMB¢ requirements ... 30
D.41 LT o= = | P 30
D.4.2 Calculated effective bandwidth ... 30
D.5 A1-OMS5 fibre modal bandwidth requirements ... 30
D.5.1 GBNEIAL . 30
D.5.2 Calculated effective modal bandwidth ... 31
6 AOM2, ATOMIA+-OMtand A +=OM5catcutatedoverfittedmodat
DaNAWIAth ... e 31
Anpex E (informative) System, modal bandwidth, and transmitter considerations...... {47 . 33
E.1 Background.......c.oouiiii e BT 33
E.2 System considerations .........cooeiiiiiiiiiiii e L 33
E.2A1 A1-OM3 and A1-OM4 fiDresS ...ooiiieiieiee e e N e 33
E.2.2 AT-OMS5 fibre ..o O 33
F.3 Effective modal bandwidth (EMB)........coouiiiii D e 34
F.4 Transmitter encircled flux (EF) and centre wavelength requirements.................... 37
E.4.1 Encircled fluX.....oooooiiniiie e N 37
E.4.2 Centre wavelength for A1-OM3 and A1-OM4 fibres ..o, 38
E.4.3 Centre wavelength for A1-OMS5 fibre ... 0 e, 38
Anpex F (informative) Bandwidth nomenclature explanation..................ooiiiiiinn. 40
Anpex G (informative) Preliminary indications for jtem's needing further study..................... 41
.1 Effective modal bandwidth (EMB) at 15800 nm ..., 41
5.2 Scaling of EMB With DIMD ....cuuiii e 41
Anpex H (informative) Applications and cabling categories supported by A1 fibres ............. 43
Anpex | (informative) 1-Gigabit, 10-Gigabit, 25-Gigabit, 40-Gigabit and 100-Gigabit
EtHernet appliCations ... N e 44
BiblOGrap Y . e 50
Figure 1 — Relation between’bandwidths at 850 nm and 1 300 NnmM .........ccooiiiiiiiiiiiinn, 14
Figure D.1 — DMD template requiremMents ...... ... 26
Figure E.1 — Estimated minimum wide band EMB versus wavelength for A1-OM3................ 35
Figure E.2 — Estimated minimum wide band EMB versus wavelength for A1-OM4................ 36
Figure E.3 =Estimated minimum wide band EMB versus wavelength for A1-OM5................ 37
Figure E¥4= Approximate position of DMD weightings relative to the EF boundaries of
EqUations (E.10) @nd (E. 1) .. et 38

Table 1 — Cross reference IEC A1 multimode fibre designations to IEC 60793-2-

02 S 8
Table 2 — Dimensional attributes and measurement methods ..., 11
Table 3 — Dimensional requirements common to category A1 fibres............ccoooiiiii. 11
Table 4 — Additional dimensional attributes required in sub-category specifications .............. 11
Table 5 — Mechanical attributes and measurement methods ..., 12
Table 6 — Mechanical requirements common to category A1 fibres ..o, 12
Table 7 — Transmission attributes and measurement methods ............coooiiiiii i, 13
Table 8 — Additional transmission attributes required in sub-category specifications ............ 13

Table 9 — Environmental exposure tests ... 15


https://iecnorm.com/api/?name=509efe5c978e39ef5316a6103f488ce5

-4 - IEC 60793-2-10:2019 © IEC 2019

Table 10 — Attributes measured for environmental tests..........ccooiiiiiiiiii 15
Table 11 — Strip force for environmental tests ... 15
Table 12 — Tensile strength for environmental tests ..., 16
Table 13 — Stress corrosion susceptibility for environmental tests............ccoocoiiiiiiin. 16
Table 14 — Change in attenuation for environmental tests............cc.cooiiiiiii i, 16
Table A.1 — Dimensional requirements specific to A1-OM2, A1-OM3, A1-OM4 and A1-

L0 111 ST 1 o =P 18
Table A.2 — Mechanical requirements specific to A1-OM2, A1-OM3, A1-OM4 and A1-

L@ 1Y £33 1 0T3-S Y 18
Table A.3 — Transmission requirements specific to A1-OM2, A1-OM3, A1-OM4 and

F N @ 1Y £ 101 =T PP, SEUP 19
Table B.1 — Dimensional requirements specific to A1-OM1 fibres.............cco @, 21
Table B.2 — Mechanical requirements specific to A1-OM1 fibres ................an W 21
Table B.3 — Transmission requirements specific to A1-OM1 fibres .........o e i, 22
Table C.1 — Dimensional requirements specific to A1d fibres ..............0-0 . 23
Table C.2 — Mechanical requirements specific to A1d fibres......... . 0 T, 23
Table C.3 — Transmission requirements specific to A1d fibres.... 0. ... 24
Table D.1 — DMD templates for A1-OM3 fibres.......ooovveee o 25
Table D.2 — DMD interval masks for A1-OMS3 fibres ....... o 27
Table D.3 — DMD WeIghtiNgS .. .cuniiiii e e ettt e 28
Table D.4 — DMD templates for A1-OM4 fibres.... 8 . e 30
Table D.5 — DMD interval masks for A1-OM4 fibBesS ... .coiiiiiiiii e 30
Table D.6 — DMD weighting for OMBg........«/ 0o, 32
Table F.1 — Bandwidth nomenclature explanation ... 40
Table H.1 — Some standardised applications supported by A1-OM2, A1-OM3, A1-OM4,
A110MS5 fibres and in some cases/A1-OM1 fibres ... 43
Table 1.1 — Summary of 1 Gb/s;s10 Gb/s, 25 Gb/s, 40 Gb/s and 100 Gb/s Ethernet
requirements and capabilities . ... ..o 45



https://iecnorm.com/api/?name=509efe5c978e39ef5316a6103f488ce5

IEC 60793-2-10:2019 © IEC 2019 -5-

1

2)

3)

4)

5)

6)

7)

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL FIBRES -

Part 2-10: Product specifications —
Sectional specification for category A1 multimode fibres

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardizatioh compri
Bll national electrotechnical committees (IEC National Committees). The object of IEC is to promote ‘internati
Co-operation on all questions concerning standardization in the electrical and electronic fieldss.To this end
n addition to other activities, IEC publishes International Standards, Technical Specificatiops, Technical Repq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IECp)Publication(s)"). T
breparation is entrusted to technical committees; any IEC National Committee interested.in the subject dealt
Mmay participate in this preparatory work. International, governmental and non-governmental organizations liai
ith the IEC also participate in this preparation. IEC collaborates closely with the International Organizatior]
Standardization (ISO) in accordance with conditions determined by agreement/hetween the two organization

The formal decisions or agreements of IEC on technical matters express, as-hearly as possible, an internati
consensus of opinion on the relevant subjects since each technical gommittee has representation from
nterested IEC National Committees.

EC Publications have the form of recommendations for international”use and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts are madg\to ensure that the technical content of
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for
Mmisinterpretation by any end user.

n order to promote international uniformity, IEC National Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in their national and regional publications. Any divergence betw
bny IEC Publication and the corresponding national ok regional publication shall be clearly indicated in the la

EC itself does not provide any attestation of conformity. Independent certification bodies provide confor
pssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for
ervices carried out by independent certification bodies.

All users should ensure that they have the\atest edition of this publication.

members of its technical committees and IEC National Committees for any personal injury, property damag
bther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
bxpenses arising out of theg~ publication, use of, or reliance upon, this IEC Publication or any other
Publications.

ndispensable for the correct application of this publication.

Attention is drawntothe possibility that some of the elements of this IEC Publication may be the subject of pa
Fights. IEC shall'\not be held responsible for identifying any or all such patent rights.

ing
nal
and
rts,
heir
vith
Eing
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S.
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all
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IEC
any
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No liability shall attach to IEC or its,directors, employees, servants or agents including individual experts fand

B or
and
IEC

Attention is drawn to the\Normative references cited in this publication. Use of the referenced publicationfs is

ent

Int¢rnationalyStandard IEC 60793-2-10 has been prepared by subcommittee 86A: Fibres and

cables, of HEC technical committee 86: Fibre optics.

Thi

it I I he sixth edi i in 2017_This edifion

constitutes a technical revision.

This edition includes the following significant change with respect to the previous edition:
revision of the naming convention for A1 multimode fibres, which better matches with those
found in ISO/IEC standards. These changes are outlined in the scope of this document along
with a cross reference table for the new names.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
86A/1932/FDIS 86A/1939/RVD

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

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 60793 series, published under the general title Optical fibres, ¢an
be [found on the IEC website.

The¢ committee has decided that the contents of this document will remain unchanged until the
stapility date indicated on the IEC website under "http://webstore.iec.ch" in the.'data relateq 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' logo on the cover page of this publication 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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OPTICAL FIBRES -

Part 2-10: Product specifications —
Sectional specification for category A1 multimode fibres

1 Scope

This part of IEC 60793 is applicable to optical fibre sub-categories A1-OM1, AJ-ON

A1iOM3, A1-OM4, A1-OMS5, and A1d. These fibres are used or can be incorporated
information transmission equipment and optical fibre cables.

Sub-categories A1-OM2, A1-OM3, A1-OM4 and A1-OM5 apply to 50/125 um graded index fi
in four bandwidth grades. Each of these bandwidth grades is defined“for two levels

n

bre
of

majcrobend loss performance that are distinguished by "a" or "b" suffix. ‘Those sub-categolies

with suffix "a" are specified to meet traditional macrobend loss performance levels. Those s
categories with suffix "b" are specified to meet enhanced macrobend loss (i.e. lower lo
penformance levels.

Sub-category A1-OM5 is specified to support single.“wavelength or multi-wavelen
transmission systems in the vicinity of 850 nm to 950 nm# Although not normatively specifi
bapdwidth information covering this wavelength range”is also included for A1-OM3
A110M4.

Lib-
SS)

gth
d1
nd

Sub-category A1-OM1 applies to 62,5/125 umgraded index fibre and sub-category A1d applies

to 100/140 um graded index fibre.

Other applications include, but are nottrestricted to, the following: short reach, high bit-r
syqtems in telephony, distribution and\Jecal networks carrying data, voice and/or video servic

on{premises intra-building and inter-building fibre installations including data centres, local af

networks (LANs), storage area néetworks (SANs), private branch exchanges (PBXs), video,

various multiplexing uses, outside telephone cable plant use, and miscellaneous related us

Thiee types of requirements apply to these fibres:

e |general requirements, as defined in IEC 60793-2;

e |[specific requirements common to the category A1 multimode fibres covered in this documgent

and which/are given in Clause 5;

e |particular requirements applicable to individual fibre sub-categories and models, or speg
applications, which are defined in the normative specification Annexes A to D.

ific

Tl S

Ta :C 1 DhUVVD thc CIUSOS Icfclcllbc bc‘lvvccll thc n-cv I'\1 IIIu:t;IIIUdC up‘uucﬁ fiblc dcaignatiuns
used in this document compared to those used in IEC 60793-2-10:2017. The table also refers
to the normative annexes A, B and C for the A1 sub-category multimode fibres in this document

that contains the detailed specification.
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Table 1 — Cross reference IEC A1 multimode fibre designations to
IEC 60793-2-10:2017

Annex Sub-category Sub-category/Model Core ISO/IEC
diameter 11801-1:2017
(nominal)
This document IEC 60793-2-10:2017 Usage of cabled
designations designations OMx fibres
A A1-OM2 Ala.1 50 pm @ oM2 ®
A1-OM3 Ala.2 50 pm OM3
A1-OM4 A1a.3 50 pm OomM4
A1-OM5 Ala.4 50 pm OM5
B A1-OM1 A1b 62,5 ym ¢© om1 A4
C A1d A1d 100 ym s

@ | Historically, ISO/IEC 11801:2002 also defined OM2 cables made with 625/125 ym fibres having a
minimum overfilled launch bandwidth of 500 MHz-km at 850 nm and 500 jMHz-km at 1 300 nm. This
specific bandwidth combination of 62,5/125 um fibre is not part of this"document.

b | OM2 cables are not supported for new installations within ISO/IEEM1801-1:2017.

¢ | Historically, ISO/IEC 11801:2002 also defined OM1 cables\fnade with 50/125 pym fibres having a
minimum overfilled launch bandwidth of 200 MHz-km at 850,nm and 500 MHz-km at 1 300 nm. This
specific bandwidth combination of 50/125 um fibre is not part of this document.

d | OM1 cables are not supported for new installations‘within ISO/IEC 11801-1:2017.

2 | Normative references

The following documents are referred to in the text in such a way that some or all of their con
constitutes requirements of this document. For dated references, only the edition cited appl
Fof undated references,( the latest edition of the referenced document (including

amendments) applies.

nt
iles.
ny

IEQ 60793-1-20, Optical fibres — Part 1-20: Measurement methods and test procedures — Fipre

gedmetry

IEQ 6079321-21, Optical fibres — Part 1-21: Measurement methods and test procedure$ —
Copting-geometry

IEC80793=1=22,—Optical fibres = Part =22 Measurement methodsarnd—test procedure:

Length measurement

4

v
|

IEC 60793-1-30, Optical fibres — Part 1-30: Measurement methods and test procedures — Fibre

proof test

IEC 60793-1-31, Optical fibres — Part 1-31: Measurement methods and test procedures —
Tensile strength

IEC 60793-1-32, Optical fibres — Part 1-32: Measurement methods and test procedures —
Coating strippability
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IEC 60793-1-33, Optical fibres — Part 1-33: Measurement methods and test procedures — Stress
corrosion susceptibility

IEC 60793-1-40, Optical fibres — Part 1-40: Measurement methods

Attenuation

and test procedures

IEC 60793-1-41, Optical fibres — Part 1-41: Measurement methods and test procedures —

Bandwidth

IEC_60793-1-42, Optical fibres — Part 1-42: Measurement methods and test procedure
Chfomatic dispersion

IECG 60793-1-43, Optical fibres — Part 1-43: Measurement methods and test precedure
Numerical aperture measurement

IECG 60793-1-46, Optical fibres — Part 1-46: Measurement methods and,test procedure
Mopitoring of changes in optical transmittance

IECG 60793-1-47, Optical fibres — Part 1-47: Measurement methods)and test procedure
Magrobending loss

IEQ
Difi

IEQ

heat (steady state) tests

IEC

heat (steady state) tests

IEC
Ch

IEQ
imn

IEC

IEQ
Ins

3

ferential mode delay

60793-1-50, Optical fibres — Part 1-50: Measurefment methods and test procedures — Da

60793-1-51, Optical fibres — Part 1-51: Measurement methods and test procedures —

ange of temperature tests

60793-1-53, Optical fibres.> Part 1-53: Measurement methods and test procedures — W3
hersion tests

60793-2, Opticalfibres — Part 2: Product specifications — General

61280-4-1<2009, Fibre-optic communication subsystem test procedures — Part 4
falled cable-plant — Multimode attenuation measurement

Terms and definitions

60793-1-49, Optical fibres — Part 1-49: Measurement methods and test procedure$

60793-1-52, Optical fibres — Part’ 1-52: Measurement methods and test procedure$

mp

Dry

ter

1
-~

No

terms and definitions are listed in this document.

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

IEC Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.org/obp
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4 Abbreviated terms

CPR coupled power ratio

DMD differential mode delay

EF encircled flux

EMB effective modal bandwidth

EMB, calculated effective modal bandwidth

LAN local area network

MMF multimode fibre

NA numerical aperture

OFLL overfilled launch

OMB, overfilled launch modal bandwidth calculated from differential mode) delay (glso
known as OFL)

PBKX private branch exchange

PMD physical medium dependent

RQOFL radial overfilled launch

SAN storage area network

5 | Specifications

5.1 General

The¢ fibre consists of a glass core with a graded.index profile and a glass cladding in accordance

with IEC 60793-2.

The term "glass" usually refers to material consisting of non-metallic oxides.

5.27 Dimensional requirements

Dimensional attributes and measurement methods are given in Table 2.

Re

Ta

Huirements commontito-all fibres in category A1 are indicated in Table 3.

ble 4 lists additional attributes that shall be specified by each sub-category specification.
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Table 2 — Dimensional attributes and measurement methods

Attributes Measurement methods
Cladding diameter IEC 60793-1-20
Core diameter @ ° IEC 60793-1-20
Cladding non-circularity IEC 60793-1-20
Core non-circularity IEC 60793-1-20
Core-cladding concentricity error IEC 60793-1-20
Prjrrary coatimg dtameter HEC60793=t=21
Prjmary coating non-circularity IEC 60793-1-21
Primary coating-cladding concentricity error IEC 60793-1-21
Fibre length IEC 60793-1-22

a8 | Core diameter is specified at 850 nm = 10 nm with a test specimen length of 2,0 m + 0,2,ay and a threshold
value, kegges Of 0,025 for A1 fibres except A1-OM2b, A1-OM3b, A1-OM4b, A1-OM5Db fibres.

Core diameter is specified at 850 nm + 10 nm with a test specimen length of 100 m #\56 % and a threshold

value, kcqge, Of 0,025 for A1-OM2b, A1-OM3b, A1-OM4b, A1-OM5b fibres.

Table 3 — Dimensional requirements common_to_category A1 fibres

Attributes Unit Limits
Cqre non-circularity % <6
Prjmary coating diameter — um 245 £ 10
unjcoloured @
Prjmary coating diameter — um 250 + 15
cojoured 2@
Prjmary coating-cladding um <12,5

cocentricity error

Fibre length km b

The limits on primary coating diameter are most commonly used in telecommunications cables. There are oth
applications, which use otherprimary coating diameters, several of which are listed below.

Alternative nominal primarycoating diameters and tolerance (pm):
400 + 40

500 + 50

700 + 100

900 + 100

Length.requirements vary and should be agreed between supplier and customer.

Table 4 — Additional dimensional attributes required in sub-category specifications

Attributes

Cladding diameter

Cladding non-circularity

Core diameter

Core-cladding concentricity error
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Mechanical requirements

Mechanical attributes and measurement methods are given in Table 5.

Requirements common to all fibres in category A1 are in Table 6.

Table 5 — Mechanical attributes and measurement methods

Attributes Test methods

Proof test IEC 60793-1-30
Tgnsile strength IEC 60793-1-31
Prjmary coating strippability IEC 60793-1-32
Stfess corrosion susceptibility IEC 60793-1-33

Table 6 — Mechanical requirements common to category A1 fibres

Attributes Unit Limits
Prpof stress level GPa >0/69 2
AJerage strip force® N 1,0 < Fayg< 5,0
Pdak strip force® N 1,0 < Fpeak < 8,9
Tgnsile strength (median) for 0,5 m | GPa > 3,8
specimen length
Stfess corrosion susceptibility - >18
copstant, n

The proof test value of 0,69 GPa equals about 1 %;strain or about 8,8 N force, for A1-OM1 to A1-OM5 fibrg
For the relation between these different units,,see IEC TR 62048:2014, 8.4.

Either average strip force or peak strip force, which are defined in the test procedure, may be specified
agreement between supplier and customet:

5.4 Transmission requirements

Trd

Ta

nsmission attributes and measurement methods are given in Table 7.

ble 8 lists additional attributes that shall be specified by each sub-category specification.
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Table 7 — Transmission attributes and measurement methods

Attributes Measurement methods
Attenuation coefficient IEC 60793-1-40
Modal bandwidth &P IEC 60793-1-41
Numerical aperture ¢ IEC 60793-1-43
Chromatic dispersion IEC 60793-1-42
Change of optical transmission IEC 60793-1-46
Macrobending loss IEC 60793-1-47
Differential mode delay © TEC 60793-1-49

a

For modal bandwidth, either overfilled launch (OFL) or overfilled launch modal bandwidth calculated,fr
differential mode delay (OMB,,) can be used. OMB, is the reference test method for A1-OM2, A1-OM3 and A

OM4 fibres at 850 nm and is the required method for A1-OM5 fibres at 850 nm and 953 nm.

850 nm modal bandwidth is specified with a test specimen length of 1 000 m + 5 % for Af30M3 to A1-Ol]
fibres. For A1-OMS fibres, the 850 nm modal bandwidth is measured at 850 nm + 10 nm./For,A1-OM4 and A
OMS5 fibres, the 850 nm modal bandwidth is measured at 850 nm + 2 nm. For A1-QM5 fibre, the mod
bandwidth is also measured at 953 nm + 6 nm.

15
1-
al

¢ | Numerical aperture is specified at 850 nm + 10 nm with a test specimen length of.2’m + 0,2 m and a threshgld
value, ky,, of 0,05 for A1 fibres except A1-OM2b, A1-OM3b, A1-OM4b, A1-ONM5b/fibres.
d | Numerical aperture is specified at 850 nm + 10 nm with a test specimen length of 100 m + 5 % and a threshgld
value, ky, of 0,05 for A1-OM2b, A1-OM3b, A1-OM4b and A1-OM5b fibres.
¢ | Differential mode delay is specified with a test specimen length éf 000 m + 5 % for A1-OM3, A1-OM4 ahd
A1-OMS5 fibres. For A1-OM3 fibres, the DMD is measured at 850 am + 10 nm. For A1-OM4 and A1-OM5 fibrgs,
the DMD is measured at 850 nm + 2 nm. For A1-OM5 fibre, thé DMD is also measured at 953 nm + 6 nm.
Specification compliance of chromatic dispersion can be assured by compliance to the
numerical aperture (NA) specification for A1{ibre.
Table 8 — Additional transmission attributes
required.in*sub-category specifications
Attributes
Atjenuation coefficient
M¢dal bandwidth
Chromatic dispersion
Nymerical aperture
Macrobending loss
For attenuation coefficient and modal bandwidth, the sub-category specifications may contain
ranges” of specifiable values instead of fixed limits. In this case, the actual values of the

maximum attenuation coefficient and minimum modal bandwidth, at both 850 nm and 1 300 nm
(or just at one of these wavelengths) shall be agreed between supplier and customer. For
commercial purposes, the modal bandwidth is linearly normalized to 1 km.

For guidance purposes, Annex H shows a number of standardised applications supported by

A1l

fibres and Annex | shows transmission capabilities for these fibres.

The indicated maximum attenuation coefficients apply to uncabled optical fibres; for the
maximum cabled attenuation coefficients, reference is made to IEC 60794-1-1, which can be
used in conjunction with this document. Tighter specifications for the fibre may be requested to
account for added attenuation in the cabling process.

Remarks on the specification of modal bandwidth:
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Care should be taken in writing dual wavelength bandwidth specifications. It is understood that
for category A1 fibres, the bandwidth at 850 nm may be related to the bandwidth at 1 300 nm
in a way shown in Figure 1, depending on the refractive index parameter, g (see IEC 60793-2).
See [1]1, page 50, and [2], page 255, for similar figures. The shaded region under the curve of
Figure 1 can be defined as the dual window area. In this area, regions X, Y, and Z are examples
of where a fibre manufacturer may choose to optimise the process. That is, centre the
production bandwidth peak at 850 nm, 1 300 nm, or between these two wavelengths.

Due to this optimisation of the manufacturing process, there will be combinations of bandwidth

that are

not possible (i.e., outside the shaded region).

5.5

5.5,

En

-

Normalised bandwidth at 850 nm (MHz-km)

Environmental requirements

1 General
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Figure 1 — Relation between bandwidths at 850 nm and 1 300 nm

ironmental exposure tests and measurement methods are documented in two forms:

relevant environmental attributes and test procedures are given in Table 9;
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application of the environment are listed in Table 10.

Numbers in square brackets refer to the Bibliography.

he


https://iecnorm.com/api/?name=509efe5c978e39ef5316a6103f488ce5

IEC 60793-2-10:2019 © IEC 2019 - 15—

Table 9 — Environmental exposure tests

Environmental exposure Test
Damp heat IEC 60793-1-50
Dry heat IEC 60793-1-51
Change of temperature IEC 60793-1-52
Water immersion IEC 60793-1-53

Table 10 — Attributes measured for environmental tests

Attribute Measurement method
Change in optical transmission IEC 60793-1-46
Atfenuation IEC 60793-1-40
Stfip force IEC 60793-1-32
Tgnsile strength IEC 60793-1-31
Stfess corrosion susceptibility IEC 60793-1-33

The¢se tests are normally conducted periodically as type-tests-for a fibre and coating design.
Unless otherwise indicated, the recovery period allowed ‘between the completion of the
enyironmental exposure and performing the attribute méasurements shall be as stated in fhe
patticular environmental test method.

5.5.2 Mechanical environmental requirements (common to all fibres in category A1)

5.5.2.1 General

These tests are, in practice, the most sévere requirements amongst the environments defined
in Table 9.

Tables 11, 12, and 13 give theprescriptions for strip force, tensile strength and stress corrosfon
sugceptibility respectively.

5.5.2.2 Strip force

The¢ following attributes shall be verified following removal of the fibre from the particdlar

enyironment.

Table 11 — Strip force for environmental tests

Environment Average strip force Peak strip force
N N
Damp heat 1,0 < Favg <5,0 1,0 < Fpeak <8,9
Water immersion 1,0 < F,avg <5,0 1,0 < Fpe,ak <8,9

5.5.2.3 Tensile strength

The following attribute shall be verified following removal of the fibre from the environment.
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Table 12 — Tensile strength for environmental tests

Environment

Median tensile strength
specimen length: 0,5 m
GPa

15th percentile tensile strength
specimen length: 0,5 m
GPa

Damp heat

> 3,03

> 2,76

NOTE These requirements do not apply to hermetically coated fibre.

S.WW ptibility
The following attribute shall be verified following removal of the fibre from the environment.

Table 13 — Stress corrosion susceptibility for environmental tests

Environment

Stress corrosion susceptibility-constant, n

Dgmp heat

>18

NOQTE This requirement does not apply to hermetically coated fibre.

5.5.3 Transmission environmental requirements

Change in attenuation from the initial value shall be less thhian the values in Table 14. Attenuafion
shgll be measured periodically during the entire exposure to each environment and after

removal.
Table 14 — Change in attenuation for environmental tests
Environment Wavelength Attenuation increase
nm dB/km
Damp heat 850 <0,20
1.300 <0,20
Dny heat 850 <0,20
1300 <0,20
Change of temperature 850 <0,20
1300 <0,20
Whter immersion 850 <0,20
1300 <0,20
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Annex A
(normative)

Specifications for sub-categories A1-OM2, A1-OM3, A1-OM4
and A1-OM5 multimode fibres

A.1  General

ne A ontain a i eauUiremen avatll ble—to a egoLie A oM A a

main body of this document, are noted by a clause entry in the "Reference" columu.

while sub-categories A1-OM3, A1-OM4 and A1-OMS5 also applyJdifferential mode d

OM4 and A1-OM5 fibres. Common requirements, repeated here for ease of reference.f

3,

mejasurements to deliver laser-optimised performance near,"850 nm. Sub-categpry
A1{0OM5 also specifies both overfilled and differential mode delaybandwidth metrics at 953 nm

to deliver laser-optimized performance over a wavelength rangeJin the vicinity of 850 nm to
nml. A1-OM3 complies with A1-OM2 specifications. A1-OM4 complies
A1{0M3 specifications. A1-OM5 complies with A1-OM4 specifications.

Sub-category A1-OM2, A1-OM3, A1-OM4 and A1+sOMS5 are also specified for two level

majcrobend loss performance that are distinguished by "a" or "b" suffix. Those with suffix

(i.¢. models A1-OM2a, A1-OM3a, A1-OM4a and A1-OM5a) are specified to meet traditignal

malcrobend loss performance levels. Those with suffix "b" (i.e. models A1-OM2b, A1-OM3b,

OM4b and A1-OM5b) are specified toxmeet enhanced macrobend loss (i.e. lower loss)

a
pu
spégcifications and descriptions apply to all models at lower hierarchical levels, only the com
poftion of the name is stated.

ding hierarchy that permits designation of fibres with increasing specificity. For exam

The dimensional, mechanical and environmental requirements are common to all and speci
in Tables A.1 and A-2. The common and distinguishing transmission requirements are speci
in Table A.3.

A. Dimensional requirements

Th%nomenclature for the A1-OM2;,A1-OM3, A1-OM4 and A1-OM5 sub-categories establishes
o

hase orders for A1-OM3_may be filled by A1-OM3a or A1-OM3b. As a result, wh

re
on

1o

Table A.1 contains dimensional requirements specific to A1-OM2, A1-OM3, A1-OM4
A1-OMS5 fibres.

and
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Table A.1 — Dimensional requirements specific
to A1-OM2, A1-OM3, A1-OM4 and A1-OMS5 fibres

IEC 60793-2-10:2019 © |IEC 2019

Attributes Unit Limits Reference
Cladding diameter pum 125+ 1
Cladding non-circularity % <1
Core diameter SS um 50 +2,5
Core-cladding pum <2
concentricity error
Cqre non-circularity % <6 5.2
Primary coating diameter | um 245+ 10 5.2
— fincoloured S8
Primary coating diameter um 250 + 15 5.2
— ¢oloured SS
Prjmary coating-cladding um <12,5 5.2
cocentricity error
Length km (see 5.2) 5.2

88| See notes in the main body of this document.

A.3 Mechanical requirements

Table A.2 contains the mechanical requirements specific to A1-OM2, A1-OM3, A1-OM4 and A1-
OMS5 fibres.
Table A.2 — Mechanical requirements specific
to A1-OM2, A1-OM3{'A1-OM4 and A1-OMS5 fibres
Attributes Unit Limits Reference

Prpof stress level SS GPa > 0,69 5.3

AVerage strip force SS N 1,0<F,,,<50 5.3

Pdak strip force SS N 1,0<F <8,9 5.3

peak —

88| See notes in the main.body of this document..

A.4 Transmission requirements

Table A.3 contains transmission requirements specific to A1-OM2, A1-OM3, A1-OM4 and

A110M5 fibres.
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Table A.3 — Transmission requirements specific
to A1-OM2, A1-OM3, A1-OM4 and A1-OMS5 fibres

Attributes Unit Limits Reference
Fibre sub-category A1-OM2 A1-OM3 A1-OM4 A1-OM5
Targeted operational wavelength(s) @ nm 850 850 to 950 | Annex E
Maximum attenuation coefficient at dB/km 2,5
850 nm
Maximum attenuation coefficient at dB/km Not specified 1,8
953 nm
Makimum attenuation coefficient at dB/km 0,8
1 3P0 nm
Minimum modal bandwidth-length MHz-km 500 1 500 3 500 3 500 Clause .6
profduct for overfilled launch at
85(Q nm SS
Minimum modal bandwidth-length MHz-km Not specified 1 850 Clause .6
profuct for overfilled launch at 953
nmlss
Minimum modal bandwidth-length MHz-km 500
profuct for overfilled launch at
1 3P0 nm
Mifimum effective modal bandwidth- MHz-km Not 2 000 4 700 4700 Annexgs
length product at 850 nm SS specified Meet Meet Meet D, E, F|G
Clause B AClause D.3 | Clause D.5
or or
Clause.D.2 | Clause D.4
Minimum effective modal bandwidth- MHz-km Not specified 2 470 Annexgs
length product at 953 nm SS Meet D,E F|G
Clause D.5
Numnerical aperture SS Dimen- 0,200 + 0,015
sionless
Fibfe model A1-OM2a | A1-OM3a | A1-OM4a | A1-OM5a
Makimum |Bending Number of dB Max at 850 nm / 1 300 nm
magro- radius turns
2ol [37.5 mm 100 0.5/0,5
15 mm 2 1,0/1,0
Fibfe model A1-OM2b | A1-OM3b | A1-OM4b | A1-OM5b
Makximum |Bending Number of dB Max at 850 nm / 1 300 nm
magro- radius turns
P49 [37.5 mm 100 0.5/0,5
15 mm 2 0,1/0,3
7,5 mm 2 0,2/0,5
Zerp dispersion wavelength, 4, nm 1295<2,<1340° 1297 < 4,
<13284
Zerp dispefsion slope, S, ps/(nm2-km) S, < 0,105 from Sy <
1295 nm < 4,<1310 nm, and 4 (-103) /
< 0,000 375 (1 590 — 4,) from (840 (1~
(x0/840)4))
1310 nm < 2, <1340 nm ¢ p

2 Targeted operational wavelength(s) is informative.

b

The launch condition for the macrobending loss measurement shall fulfil that described in IEC 61280-4-1.

¢ The worst case chromatic dispersion coefficient at 850 nm (e.g. Sg = 0,093 75 ps/(nm?km) at 1g = 1 340 nm or
So = 0,101 25 ps/(nm?-km) at 1o = 1 320 nm) is —104 ps/(nm-km).

The coordinate that generates the worst-case dispersion for operating wavelengths from 840 nm to 1 000 nm is

2o = 1328 nm, Sp = 0,093 477 ps/(nm?-km) The worst case chromatic dispersion coefficient at 850 nm is

—98,5 ps/(nm-km)

SS See notes in the main body of this document.
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A.5 Environmental requirements

The requirements of 5.5 shall be met.
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Annex B
(normative)

Specifications for sub-category A1-OM1 multimode fibres

B.1 General

Annex B contains part|cular reqwrements apphcable to A1- OM1 fibres. Common reqwrements

repeated but indicated with a superscrlpt "S8”,

Sub-category A1-OM1 fibre is a 62,5/125 um graded index fibre.

B.2 Dimensional requirements
Table B.1 contains dimensional requirements specific to A1-OM1 fibres:

Table B.1 — Dimensional requirements specific.-to’A1-OM1 fibres

Attributes Unit Limits Reference
Clpdding diameter pm 125+ 2
Clpdding non-circularity % <2
Cqre diameter SS pum 62,5+ 3
Cqre-cladding pum <3
concentricity error
Cqre non-circularity % <6 5.2
Primary coating diameter | um 245+ 10 5.2
— tincoloured SS
Prjmary coating diameter pum 250 £ 15 5.2
— ¢oloured S8
Prjmary coating-cladding um <1256 5.2
concentricity error
Leingth SS km (see 5.2) 5.2
ss

See notes in the main body of this document.

B.3 Mechanical requirements

Tabte B-2Tomtaims the mechanicat tequirements specific to A=OMtfibres———————————

Table B.2 — Mechanical requirements specific to A1-OM1 fibres

Attributes Unit Limits Reference
Proof stress level $S GPa > 0,69 5.3
Average strip forceSS N 1,0<F, <50 5.3
Peak strip force SS N 1,0 < Fpop 8,9 5.3
S8 See notes in the main body of this document.
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B.4 Transmission requirements
Table B.3 contains transmission requirements specific to A1-OM1 fibres.

Table B.3 — Transmission requirements specific to A1-OM1 fibres

Attributes Unit Limits Reference

Maximum attenuation dB/km 3,0
coefficient at 850 nm

-+

M l\iIIIUIII attclluatiull UIBI“l\III
coefficient at 1 300 nm

Mipimum modal MHz-km 200
bandwidth-length product
at|850 nm

Mipimum modal MHz-km 500
bandwidth-length product
at{1 300 nm

Ndmerical aperture SS Dimensionless 0,275 + 0,015

Maximum macrobending dB 0,5
logs

100 turns on bending
raglius of 37,5 mm
at|wavelengths 850 nm
anjd 1 300 nm @

Zdro dispersion nm 1320 £1,<1365°
wgvelength, 4,

Zdgro dispersion slope S, ps/(nm?-km)

—{rom 1320 nm < 4, <1 £0,11°

348 nm <0,001 (1 458 — 1) ®
—{rom 1348 nm < 2, <1
365 nm

@ | The launch condition for the macrobending loss measurement shall fulfil that described in IEC 61280-4-1.
b

The worst case chromatic dispefsion coefficient at 850 nm (S, = 0,11 ps/(nm*km) at i, = 1 348 nm)
—125 ps/(nm-km).

S

SS| See notes in the main body of this document.

B.$ Environmental requirements

The requirements of 5.5 shall be met.
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Annex C
(normative)

Specifications for sub-category A1d multimode fibres

C.1 General

Annex C contains particular requirements for A1d fibres. Common requirements, repeated here
ease of reference from this document, are noted by an entry in the "Reference"” column.

for
Re

superscript "SS",

Su

C.2 Dimensional requirements

Ta

h-category A1d fibre is a 100/140 um graded index fibre.

ple C.1 contains dimensional requirements specific to A1d fibres,

evant notes from the main body of this document are not repeated but indicated wit

Table C.1 — Dimensional requirements specific'to A1d fibres

1

a

Attributes Unit Limits Reference
Clpdding diameter pm 140 £ 4
Clpdding non-circularity % <4
Cqre diameter S8 um 100+ 5
Cqre-cladding pum <6
concentricity error
Cqre non-circularity % <6 5.2
Prjmary coating diameter um 245 +£10 5.2
— {incoloured S8
Prjmary coating diameter um 250 + 15 5.2
— ¢oloured S8
Prjmary coating-cladding | um <12,5 5.2
cocentricity error
Lelngth SS km (see 5.2) 5.2

SS

See notes in the main body of this document.

C.1

Table C.2 contains the mechanical requirements specific to A1d fibres.

8, Mechanical requirements

Table C.2 — Mechanical requirements specific to A1d fibres

peak —

Attributes Unit Limits Reference
Proof stress level S8 GPa > 0,69 5.3
Average strip forceSS N 1,0<F,, <50 5.3
Peak strip force SS N 1,0<F __ <89 5.3

S8 See notes in the main body of this document.
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C.4 Transmission requirements
Table C.3 contains transmission requirements specific to A1d fibres.

Table C.3 — Transmission requirements specific to A1d fibres

Attributes Unit Limits Reference

Maximum attenuation dB/km 3,5t07,0
coefficient at 850 nm 2

Ma RiTanT attenuatton aB7Rm 510 4,5
codfficient at 1 300 nm @

Minimum modal bandwidth- |MHz.-km 10 to 200
length product at 850 nm @

Minimum modal bandwidth- |pHz-km 100 to 300
length product at 1 300 nm

Nuifnerical aperture SS Dimensionless 0,26 + 0,03 or 0,29 + 0,03
Makimum macrobending dB For further study

los

Zerp dispersion nm 1330 < 4,< 1385 b
wayelength, 29

Zerp dispersion slope S, ps/(nm?-km)

— from 1330 nm < A4, < 1 <0,1050

369 nm <0,000)5 (1 575 — 2,) ®

- from 1 365 nm < 4, < 1

384 nm

The limit column forms a range of values that may e specified.

The worst case chromatic dispersion coefficient at 850 nm (S, = 0,105 ps/(nm2-km) at Ao = 1 365 nm) is
—126 ps/(nm-km).
ss

See notes in the main body of this document.

C.5 Environmental requirements

The¢ requirements, 0f-5.5 shall be met.
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Annex D
(normative)

Fibre differential mode delay (DMD), calculated
effective modal bandwidth (EMB_) and calculated overfilled modal

bandwidth (OMB,_) requirements

D.1 A1-OMS3 fibre DMD requirements

D.1

A1
D.1

req

Re

D.1

A1
an

.1 General

uirements of Clause E.4.
er to Annex E for information regarding effective modal bandwidth (EMB).

.2 DMD templates

inner and outer mask requirement, when measured according to IEC 60793-1-49.

Table D.1 — DMD templates for A1-OM3 fibres

OM3 fibres selected using the DMD mask method shall meet the requirements 6/D.1.2 and
.3. The radial limits, Rjyner @Nd RoyTers Were established for transmitters\ meeting the

OM3 fibres shall meet at least one of the six templates in Table D.1, each of which includles

Template number Inner mask DMD (ps/m) for Outer mask DMD (ps/m) for
Riyner = 5 #M t0 Royreg = 18 um | Ry yeg = 0 um to Royreg = 23 pm
1 <0,23 <0,70
2 <0,24 <0,60
3 <0,25 <0,50
4 <(0,26 <0,40
5 < 0,27 <0,35
6 <0,33 <0,33
The DMD requirements in Table D.1 are illustrated in Figure D.1. In this figure, the allowaple

DM
the

lau
tra

D (as measured according to IEC 60793-1-49) is plotted versus the radial offset position

hsmission system).

of

single mode probe. There is a trade-off between the tightness of the inner mask and the
oulﬁr mask to*ensure a sufficient amount of the baud energy from a transmitter (meeting the
ch specifications) arrives within the required time period (defined by the baud rate of the
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Figure D.1 — DMD template requirements
The "floating" characteristic of the innerynask is also illustrated in Figure D.1. In this figure, the

mafsk (0 um to 23 um). The DMD is.more tightly constrained in the inner mask to allow for looger
tolgrances on the outer mask providing for improved ability to manufacture fibre conforming to
thig requirement. In the case,of the 0,33 ps/m mask, the requirement is the same over the whjole
range from 0 um to 23 um¢creating a "flat" mask.

innFr mask (5 um to 18 um) may be positioned vertically (temporally) anywhere within the odter

IEQ 60793-1-49 can_be\used to ensure a minimum effective modal bandwidth-length product,
when using sources.umeeting appropriate restrictions. When the launch condition requirements
on [the transmitters” are coupled to the DMD requirements on the fibre, a balance can|be
achlieved between fibre tolerance and transmitter tolerance. A careful study, using fibfes
contributed-by.several different fibre manufacturers and laser transmitters from several different
soyrce manufacturers, and including extensive and detailed simulations, shows that the abgve
coypled specifications on fibre and sources will yield a minimum effective modal bandwiqth-
lengthiproduct of 2 000 MHz-km [3] to [14].

The use of a template on the values of DMD achieves an effective trade-off between transmitter
and fibre properties. The transmitter launch condition is bounded by encircled flux requirements
at 4,5 um and 19 um as discussed in Clause E.4. The limitation on the transmitter encircled flux
at the 4,5 um radius assures that very little energy is carried by the lowest order modes of the
fibre, allowing the relaxed tolerance on modal structure excited at small radii. The limitation on
the transmitter encircled flux at the 19 um radius assures that very little energy is carried by the
highest order modes of the fibre, allowing the relaxed tolerance on modal structure excited at
high radii.

D.1.3 DMD interval masks

The A1-OM3 fibre DMD shall not exceed 0,25 ps/m for any of the radial offset intervals given in
Table D.2.
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Table D.2 — DMD interval masks for A1-OM3 fibres

Interval number R\nnEr Router
pm pm
1 7 13
2 9 15
3 1 17
4 13 19

Th«Lse interval masks screen out fibres having DMD that change too rapidly over short ratliial

ran

D.1

D.Z
A1

D.Z

Thi
cor

req

wh
mir

NO

Ref
ban

NO

We
fro
con
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ges. Fibres passing this screen have lower inter-symbol interference than those thatdo n

. A1-OM3 fibre EMB, requirements

.1 General

OMB3 fibres selected using the EMB_, method shall meet the requirements of D.2.2.

.2 Calculated effective bandwidth

responding set of EMB values. The minimum EMBZ,(minEMB,,) within this set shall meet
uirement of Equation (D.1):

bre
EMB. is determined from the cemplex transfer function as described in IEC 60793-1

using the weights defined in Table D.3.

C

[E 1 Minimum EMB,_ is a fibre parameter, and it is possible that its value is not optimal for use in system mod

br to Annex E for informations'regarding the corresponding system parameter called the "effective m
dwidth" (EMB) and its relationship to EMB..

[E 2 Refer to AnnexX F for additional explanation of bandwidth nomenclature.
m the centfe of the core (» = 0) for ten simulated lasers with encircled flux (EF) metrics t

respond to' those of ten actual lasers. The DMD weightings in Table D.3 are specifig
rces.meeting the specifications of Clause E.4.

minEMB, = 1770 MHz-km (0.

ot.

e DMD optical pulse shapes can be weighted by a set.0f launch distributions to determing a

the

49

els.
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ightings within .-Table D.3 are provided for DMD measured at 1 um radial intervals starfing

hat
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Table D.3 — DMD weightings

Radial position Laser ID

r (um) 1 2 3 4 5
0 0 0 0 0 0
1 0,033 023 0,023 504 0 0 0
2 0,262 463 0,188 044 0 0 0
3 0,884 923 0,634 634 0 0 0
% 25609462 447235 67007414 67605637 67603-03%
5 3,231 216 2,376 616 0,072 928 0,055 488 0,029,856
6 3,961 956 3,052 908 0,262 906 0,200 05 0,107 634
7 3,694 686 3,150 634 0,637 117 0,483 667 0,258 329
8 2,644 369 2,732 324 1,197 628 0,896 95 0,458 494
9 1,397 552 2,060 241 1,916 841 1,402 833 0,661 247
10 0,511 827 1,388 339 2,755 231 1,957 805 0,826 035
11 0,110 549 0,834 722 3,514 797 214338 247 1,000 204
12 0,004 097 0,419 715 3,883 317 2,639 299 1,294 439
13 0,000 048 0,160 282 3,561 955 2,397 238 1,813 982
14 0,001 111 0,047 143 2,617 093 1,816 953 2,506 95
15 0,005 094 0,044 691 1,480 325 1,296 977 3,164 213
16 0,013 918 0,116 152 03593 724 1,240 553 3,572 113
17 0,026 32 0,219 802 0,153 006 1,700 02 3,618 037
18 0,036 799 0,307 088 0,012 051 2,240 664 3,329 662
19 0,039 465 0,329 344 0 2,394 077 2,745 395
20 0,032 152 0,2681541 0 1,952 429 1,953 241
21 0,019 992 03166 97 0 1,213 833 1,137 762
22 0,008 832 0,073 514 0 0,534 474 0,494 404
23 0,002 612 0,021 793 0 0,158 314 0,146 517
24 0,000 282 0,002 679 0 0,019 738 0,018 328
25 0 0 0 0 0
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Radial position Laser ID
r (um) 6 7 8 9 10

0 0 0 0 0 0
1 0,015 199 0,016 253 0,022 057 0,010 43 0,015 681
2 0,120 91 0,129 011 0,176 39 0,083 496 0,124 978
3 0,407 702 0,434 844 0,595 248 0,281 802 0,421 548
4 0,925 664 0,987 184 1,351 845 0,650 28 0,957 203
5 1,488 762 1,587 6 2,174 399 1,130 599 1,539 535
6 1,825 448 1,94 661 4 2,666 278 1,627 046 1,887 747
7 1,702 306 1,815 285 2,486 564 2,044 326 1,762.955
8 1,218 378 1,299 241 1,780 897 2,291 72 1,292 184
9 0,643 911 0,686 635 0,945 412 2,280 813 0,790 844
10 0,238 557 0,255 85 0,360 494 1,937 545 0,559 38
11 0,098 956 0,131 429 0,163 923 1,383 006 0,673 655
12 0,204 274 0,327 091 0,318 712 0,878-798 1,047 689
13 0,529 982 0,848 323 0,778 983 0,679 756 1,589 037
14 1,024 948 1,567 513 1,383 174 0,812 36 2,138 626
15 1,611 695 2,224 027 1,853 992 1,074 702 2,470 827
16 2,210 689 2,555 06 1,914 123 1,257 323 2,361 764
17 2,707 415 2,464 566 1,514 827 1,255 967 1,798 213
18 2,938 8 2,087 879 0,908 33 1,112 456 1,059 264
19 2,739 32 1,577 111 0,386 991 0,879 309 0,444 481
20 2,090 874 1,056 343 0,111 76 0,608 183 0,123 304
21 1,261 564 0,595,102 0,014 829 0,348 921 0,012 552
22 0,552 14 0,256 718 0,001 818 0,151 12 0
23 0,163 627 0,076 096 0,000 54 0,044 757 0
24 0,020 443 0,009 446 0 0,005 639 0
25 0 0 0 0 0

D.} A1-OM4 DMD requirements

D.3.1 General

A110M4 fibres selected using the DMD mask method shall meet the requirements of D.3.2 and

D.3

est

Refer to Annex E for information regarding effective modal bandwidth (EMB).

D.3.2 DMD templates

A1-OM4 fibres shall meet at least one of the three templates in Table D.4, each of which
includes an inner and outer mask requirement, when measured according to IEC 60793-1-49.
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Table D.4 — DMD templates for A1-OM4 fibres

Template number

Inner mask DMD (ps/m) for
Riyngr = 5 um to Rgyreg = 18 um

Outer mask DMD (ps/m) for
Riyner = 0 um to Rgyreg = 23 pm

1 <0,10 <0,30
2 <0,11 <0,17
3 <0,14 <0,14

D.3.3

DMD interval masks

The¢ A1-OM4 fibre DMD shall not exceed 0,11 ps/m for any of the radial offset interval§/given in

Ta

ple D.5 when measured according to IEC 60793-1-49.

Table D.5 — DMD interval masks for A1-OM4 fibres

Interval number R\nnEr Router
pm pm
1 7 13
2 9 15
3 11 17
4 13 19

D.

D.4
A1l

D.4

Th
con

req

wh

| General

uirement of Equation (D.2):

ere

mir

EMB

}  A1-OM4 fibre EMB, requirements

OM4 fibres selected using the EMB; method shall meet the requirements of D.4.2. See
intnoductory text for Table D.3 in D.2:2 for supporting information.

.2 Calculated effective bandwidth

minEMB_ = 4 160 MHz-km

. is determined from the complex transfer function as described in IEC 60793-1

the

e DMD optical pulse shapes can be weighted by a set of launch distributions to determing a
responding set of EMB_ values. The minimum EMB_ (minEMB,) within this set shall meet the

0.2)

49

D.5

D.5.1

using the weights defined in Table D.3.

General

A1-OMS5 fibre modal bandwidth requirements

A1-OMS5 fibres shall meet the requirements of D.5.2 and D.6. See the introductory text for Table
D.3 in D.2.2 for supporting information.
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D.5.2 Calculated effective modal bandwidth

The DMD optical pulse shapes shall be weighted by a set of launch distributions to determine
a corresponding set of EMB, values. The minimum EMB; (minEMB,) within this set shall meet

the requirement of Equations (D.3) and (D.4):
minEMB, > 4 160 MHz-km at 850 nm (D.3)
minEMB_ > 2 190 MHz-km at 953 nm (D.4)
where
minEMB, is determined from the complex transfer function as described in IEC 60793-1149
using the weights defined in Table D.3.
D.6 A1-OM2, A1-OM3, A1-OM4 and A1-OMS5 calculated overfilled modal
bandwidth
The DMD optical pulse shapes shall be weighted for A1-OM2, A1-OM3 and A1-OM4 fibres| by
thef launch distribution of Table D.6 to determine a correspondingyOMB_ value at 850 nm. For
A110MS5 fibres, the launch distribution of Table D.6 shall be used to determine a correspondfing

val
41

e at 850 nm and 953 nm. The weights of Table D.6 arethe same as those in IEC 60793
for method C.

-
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Table D.6 — DMD weighting for OMB_.

Radial position, r OFL weighting

um

0 0

1 0,000 73
2 0,001 57
3 0,002 53
7 0,003 62
5 0,004 87
6 0,006 31
7 0,007 95
8 0,009 83
9 0,011 98
10 0,014,43
11 07017 25
12 0,020 46
13 0,024 14
14 0,028 36
15 0,033 17
16 0,038 69
17 0,045 00
18 0,052 21
19 0,060 47
20 0,069 92
21 0,080 73
22 0,093 10
23 0,107 25
24 0,123 45
25 0,141 97
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Annex E
(informative)

System, modal bandwidth, and transmitter considerations

E.1 Background

When a multimode f|bre is used W|th laser transmitters, the bandW|dth of the combination may

ver
iyen
ns

10 |simulated lasers is believed to be conservative compared tolcommercially available lasers
but narrower than the set of theoretical lasers in the original TIA model shown in Figure E.2
[13]. The chosen lasers exhibit a variety of coupled mode power distribution characteristics:
some with power more concentrated in lower order modes,‘some with power more concentrafed
in |[higher order modes, and some with both low, order and high order mode poyer
corncentrations.

By|using lasers which couple primarily into modes with well bounded delays, minimum modal
bapdwidth can be ensured. IEC 61280-1-4 can be used to measure the launch condition of lager
trapsmitters into multimode fibre [15]. Appropriately selected launch condition specificatifns
can restrict the modes of the fibre used_by the transmitters primarily to those with appropriafely
limjted differential mode delays.

A minimum modal bandwidth-length product can be ensured by combining a transmitter meetjing
thel specifications in Clause E@ below with a 50 um fibre meeting the specifications in Annex D.

E.2 System considerations

E.2.1 A1-OM3 and A1-OM4 fibres

Refer to Clause E.3.

E.Z4.2 A1-OMS5 fibre

Fibre speciffcations for high data systems have been developed using (MK models {16]- 1 he
10 Gb/s and 25 Gb/s models build on the 1 Gb/s link model [16] which includes both a
requirement that the power penalty or margin be positive and that the inter-symbol interference
(IS1) be less than 3,6 dB.

The A1-OM5 fibre specifications were developed using the Excel link models for
IEEE 100GBASE-SR4 (Example MMF Link Model.xls [17]) and Fibre Channel 32GFC
(T11-12-376v0.xIsx [18]). The link models were used to determine the bandwidth requirements
over the wavelength range from 840 nm to 953 nm. The wavelengths were varied within this
range in the models. In the link models, the dispersion parameters U, (zero dispersion

wavelength) and S, (zero dispersion slope) were adjusted to new values of 1 328 nm and

0,093 477 ps/(nm2-km) based on round-robin results, and the cabled fibre attenuation was
decreased from 3,5 dB/km to 3,0 dB/km. Both link models are margin-limited over the 840 nm
to 953 nm wavelength range (unlike the IEEE P802.3ae 10GBASE-S model [19] used for OM3,
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which is inter-symbol interference limited to less than or equal to 3,6 dB), and the EMB in the
link model was adjusted to achieve a margin of 0,000 dB. For setting the EMB specification, it
was agreed to use the 32GFC link model with zero margin because the EMB requirements are
higher than for the 100GBASE-SR4 model (that is, bandwidth requirements were chosen that
met requirements of both system link models). The normative EMB specifications are 4 700
MHz-km at 850 nm and 2 470 MHz-km at 953 nm. These are marked with circles in Figure E.1.
With these requirements fulfilled, the expected worst-case EMB lies on or above the system
requirements, as explained in Clause E.3.

E.3 Effective modal bandwidth (EMB)

Dufing the development of fibre sub-category A1-OM3, a detailed time-domain Monte-Carlo
simulation was used to assess the performance-screening ability of various DMD-mask and
DMD weighting proposals for transmitters meeting the specifications of Clause E4 {3] to [14].
The proposals were judged based on their ability to pass fibres that did not causeJinter-symjpol
interference (ISl) to exceed a specific value more often than a 0,5 % rate [13} The specific|lSI
value was established via the IEEE 802.3ae link budget spreadsheet [19]for a channel that
included the effects of transmitter rise time, receiver bandwidth, and a fibre- with 2 000 MHz{km
moidal bandwidth. Thus, through the use of the Monte-Carlo simulation, fibres meeting the
requirements of sub-category A1-OM3 provide a minimum EMB 0f.2\000 MHz-km.

The¢ minimum EMB value is aligned with the assumptions of the IEEE 802.3ae link budpet
spreadsheet. Of particular relevance is the fact that, in thexspteadsheet, the ISI impairment is
modelled under Gaussian waveform assumptions for~the transmitter and fibre outpdts.
Acg¢ording to the results of the Monte-Carlo simulation for fibres passing the requirements, the
spreadsheet relationship between ISI and minimdm fibore modal bandwidth is pessimistic.
Therefore, the calculation of EMB from weighted DMD included a factor of 1,13 to align the fipre
requirements developed with the time-domain ‘Monte-Carlo simulation with the spreadshget
moldel as shown in Equation (E.1).

EMB': 1,13 x minEMB, (§.1)

Th¢ EMB derived by Equation (E1) also applies to the Fibre Channel link models. If other
models are used, then a different EMB may be appropriate.

Fibres passing the requirements of Clauses D.3 and D.4 (i.e. A1-OM4 fibres) provide a minimum
moldal bandwidth at 850" nm that is 2,35 times higher than the minimum modal bandwidtq of
those passing the-requirements of Clauses D.1 and D.2 (i.e. A1-OM3 fibres). As such, their
minimum EMB is also 2,35 times higher under the same link budget spreadsheet assumptipns
as ptated by Equation (E.2).

EMB > 2,35 x 2 000 MHz-km > 4 700 MHz-km (4.2)

Aance Studies W actuatfibresand taser source Oppo etatfonship
[20] to [22]. Applications have emerged which will utilize multiple wavelengths in the vicinity of
850 nm to 950 nm. To support these applications, guidance which characterizes the minimum
EMB for A1-OM3, A1-OM4, and A1-OM5 is provided in the form of Equations (E.3) through (E.9)
and Figures E.1 through E.3. These equations should not be extrapolated without due
consideration.

The population of A1-OM3 subcategory fibres generally exhibit estimated minimum EMB
meeting Equations (E.3) and (E.4) which are depicted as two curves from (a) 840 nm to 850 nm
and (b) 850 nm to 953 nm as depicted in Figure E.1. The unit of EMB in the two equations is
MHz-km.
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For 840 nm < A, < 850 nm:

EMB > 1 826 + (2 000 — 1 826) x (4, — 840) / (850 — 840) (E.3)

For 850 nm < A, <953 nm:

EMB > 2 000 x (1,001 0 — 0,980 9x + 0,807 3x2 — 0,430 4x3 + 0,119 4x%) (E.4)

whegre
x |= (4, —850) /(953 — 850)
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Figure E.1~ Estimated minimum wide band EMB versus wavelength for A1-OM3

The poputation of A1-OM4 subcategory fibres generally exhibit estimated minimum EMB
mefting.Equations (E.5) and (E.6) which are depicted as two curves from (a) 840 nm to 850 nm
and (6Y'850 nm to 953 nm in Figure E.2. The unit of EMB in the two equations is MHz-km.

For 840 nm < A, < 850 nm:

EMB > 3 840 + (4 700 — 3 840) x (4, — 840) / (850 — 840) (E.5)

For 850 nm < 4, <9353 nm:

EMB >4 700 x (1,000 2 — 2,154 9x + 3,270 0x2 — 2,732 8x3 + 0,928 0x%) (E.B)
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where

X

= (4, — 850) / (953 - 850)
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Figure E.2 — Estimated minimum wide band EMB versus wavelength for A1-OM4

res passing the requirements of.Clause D.5 (i.e. A1-OMS5 fibres) generally exhibit estimared
i

B meeting Equations (E.7), (E.8) and (E.9), which are depicted as three straight-I
ments from (a) 840 nm to 850 nm, (b) 850 nm to 930 nm, and (c) 930 nm to 953 nm in Fig
. The unit of EMB in all’three equations is MHz-km.

840 nm < 4. < 850nm:

EMB > 3 840 + (4 700 — 3 840) x (4, — 840) / (850 — 840) (5.

850 nm < A, <930 nm:

ne
Lire

EMB > 4 700 + (2 565 — 4 700) x (4, — 850) / (930 — 850) (E.8)

For 930 nm < 4, < 953 nm:

EMB > 2 565 + (2 470 — 2 565) x (4, — 930) / (953 — 930) (E.9)

Equations (E.7), (E.8), and (E.9) describe three straight line segments between the minimum
EMB indicated by the 32GFC link model at 840 nm and the two minimum EMBs at the nominal
measurement wavelengths of 850 nm and 953 nm. Equations (E.7), (E.8) and (E.9) are plotted
in Figure E.3 along with values of EMB that close the 32GFC link model. The straight line
segments from 840 nm to 953 nm were carefully established as providing a minimum EMB
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guidance over the wavelength range while not intentionally introducing special fibre design
dependence.
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Figure E.3 — Estimated minimum-wide band EMB versus wavelength for A1-OM5

E.4 Transmitter encircled flux (EF) and centre wavelength requirements

E.4.1 Encircled flux

The¢ DMD radial limitstef'the inner, outer and interval masks specified in Clauses D.1 and [}.3,
and the DMD weightings specified in Clauses D.2, D.4 and D.5, were established in conjunction
with the particular-bounded range of laser launch conditions specified in Equations (E.[10)
and (E.11). Thesminimum modal bandwidth for launch conditions outside of this range has pot
be¢n determined, but will be lower than for launch conditions within this range.

The¢ transmitter launch condition power distribution should meet the requirements of Equatipns
(E.f0)vand (E.11) when measured according to IEC 61280-1-4 [15] with the transmitter cou;J;ed
into a 50-um fibre meeting the specifications of this document.

EF at radius 4,5 um < 30 % (E.10)

EF at radius 19 um > 86 % (E.11)

The approximate positions of the DMD weightings specified in Table D.3 are depicted in the
Figure E.4 below, relative to the boundaries given in Equations (E.10) and (E.11) [2].
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eral published application standards meet the requirements of E.4.1 and E.4.2 [23] to [46].

2 Centre wavelength for A1-OM3 and A1-OM4 fibres

cause the fibre’s modal delays change with wavelength, the transmitter centre wavelength

uld be kept closetorthe nominal DMD measurement wavelength of 850 nm to achieve fhe
est modal bandwidth performance over the population of passing fibres. It may |be
appropriate to de-rate the modal bandwidth when the transmitter is not operating at 850 nm [8].
[27] for~an‘illustration of bandwidth roll-off for fibres with bandwidth similar to fipre
moldel A1-OM4.

laser transmitter centre wavelength (1.) should meet the requirements of Equation (E.[12)
whentested nr-rnrding to IEC 61280-1-3 [7R]

840 nm < 4, < 860 nm

Centre wavelength for A1-OMS5 fibre

(E.12)

Because the fibre’s modal delays change with wavelength, the highest modal bandwidth
performance is attained when the laser transmitter centre wavelength is between the DMD
measurement wavelengths. When the laser transmitter’s centre wavelength is outside this
range, the modal bandwidth may degrade. See Equation (E.7), (E.8) and (E.9) for advice on
bandwidth values between the DMD measurement wavelengths.
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The laser transmitter centre wavelength (4.) should meet the requirements of Equation (E.13)
when tested according to IEC 61280-1-3 [28].

840 nm < A, <953 nm (E.13)
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Annex F
(informative)

Bandwidth nomenclature explanation

Table F.1 provides explanations of bandwidth parameters that have similar names and
abbreviations.

Table F.1 — Bandwidth nomenclature explanation

Parameter name
and abbreviation

Parameter description

C4

Iculated effective modal bandwidth (EMB )

The calculated modal bandwidth resulting, from a
particular weighting of a particular DMD:-

Mi
(m

himum calculated effective modal bandwidth
inimum EMB_ or minEMB,)

The minimum calculated modal bandwidth resulting
from a particular set of weightings of a particular DMD.

Ef

ective modal bandwidth (EMB)

The modal bandwidth that results from multiplying the
minimum calculated effective-modal bandwidth by 1,1
to arrive at a value aligned/with the assumptions of th
IEEE 802.3ae link model for transmitters compliant tg
Clause E.2.

D W

C4

Iculated overfilled modal bandwidth (OMB )

The calculated ,medal bandwidth resulting from
weighting a particular DMD to simulate an overfilled
launch condition.

IEC 60793-2-10:2019 © |IEC 2019



https://iecnorm.com/api/?name=509efe5c978e39ef5316a6103f488ce5

IEC 60793-2-10:2019 © IEC 2019 - 41 -

Annex G
(informative)

Preliminary indications for items needing further study

G.1 Effective modal bandwidth (EMB) at 1 300 nm

Chromatic dispersion properties aIIow DMD measured at one wavelength to be transformed to

fibles meeting the requirements of Annex D for > 2 000 MHz-km EMB at 850 nm .will glso
prgvide > 500 MHz-km EMB at 1 300 nm.

Some 1 300 nm laser-based transmitters are defined to operate into both multimode fibre g@nd
single mode fibre. In order to provide better assurance that multimode fibrésy ‘with bandwidth
pefformance specified only on the basis of overfilled launch conditions,. deliver at least their
minimum overfilled bandwidth-length product for 1 300 nm transmitters.designed to launch ipto
single mode fibre (e.g. 1000BASE-LX), IEEE Std 802.3™ specifies)the use of offset-laurpch
moide-conditioning patch cords when connecting such transmitters\to this type of multim¢ode
fibre.

The offset-launch is implemented by joining a single mode fibfe to a multimode fibre within fhe
pafich cord using a specified range of single mode-to-multimode radial offset. By launchjing
sighificantly off-centre from the single mode fibre into’ the multimode fibre, many modes pre
exg¢ited that produce a mode power distribution cleser to that of an overfilled launch than that
of fhe native launch, which typically strongly excites only low-order modes.

Begause overfilled-launch bandwidth measuréments are heavily dominated by high-order mgde
behaviour, they are insensitive to the behaviour of low-order modes. Therefore, by avoidIng

strong excitation of the low-order modes; the offset-launch patch cord eliminates dependence
on [the behaviour of these poorly-characterized modes, and improves the correlation betwgen
minimum system bandwidth and the overfilled launch bandwidth-length measurement.

Hoever, because the DMDJ\test procedure does measure low-order mode behaviour, i is
capable of bounding the lower limit of bandwidth-distance product for the native launcheq of
theise 1 300 nm transmitters. Fibres meeting A1-OM3 and A1-OM4 specifications are optimiged
for|peak bandwidth a{{850 nm, and have specifically limited low-order mode DMD.

in DMD. The{largest increase in DMD occurs for the highest order modes. Thus the overfilled
bapdwidth,(which is dominated by high-order mode DMD, is a conservative indicator of lowest
eff¢ctive'modal bandwidth for native 1 300 nm launches that concentrate power in the low order

Opgrating at wavelengths different from the peak wavelength introduces a systematic increlse

of mode cond|t|on|ng patch cords.

G.2 Scaling of EMB with DMD

Different effective modal bandwidth-length products can be derived from the templates and
interval masks defined in Clauses D.1 and D.3 simply by scaling EMB in inverse proportion to
DMD temporal width, provided the following three conditions are met:

1) the fibre is used with transmitters meeting the specifications in E.4.1;

2) the radial offset limits of the templates are not changed; and

3) the overfilled modal bandwidth-length product requirements are scaled in direct proportion
to the EMB.
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This scaling ability is substantiated by the following relationships. From the waveguide theory,
the mode power distribution of the transmitter relates directly to the radial extents of the inner
and outer DMD masks. The operating wavelength range constrains operation in close proximity
to the nominal DMD measurement wavelength to minimise modal bandwidth changes due to
wavelength. With the mode power distribution and the radial extent of the DMD masks fixed,
and the operating wavelength range unchanged, scaling is supported by the inverse
proportionality between RMS pulse width and bandwidth [29] [30]. In this case, the RMS pulse
width equates to the DMD temporal width. Scaling the overfilled bandwidth in direct proportion
to the desired EMB maintains the established proportionality between the DMD and overfilled
bandwidth.

For example, an effective modal bandwidth-length product at 850 nm of > 1 000 MHz-km~(ope-
half of 2 000 MHz-km) can be provided with fibre meeting any of the six DMD templates-giyen
in Clause D.1, with each template having double the DMD temporal width in both the\inner and
oufler masks, and an overfilled bandwidth-length product of > 750 MHz-km.
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Table H.1

Applications and cabling categories supported by A1 fibres

shows various

Annex H
(informative)

internationally standardised applications, as well

as other

recommended applications, which are supported by A1 fibres. It is not an exhaustive list, and
many other applications not specifically listed may also be supported.

A1-OM2, A1-OM3, A1-OM4, A1-OMS5 fibres and in some cases A(; -[gM1 fibres
Application Source Name

1GFC ISO/IEC 14165-115 1-Gigabit Fibre Channel
2GFC ISO/IEC 14165-115 2-Gigabit Fibre(€hannel
4GFC ANSI/INCITS 479 4-Gigabit Fibre Channel
8GFC ANSI/INCITS 479 8-GigabityFibre Channel
10GFC ISO/IEC 14165-116 10-Gigabit Fibre Channel
16GFC ANSI/INCITS 479 16*Gigabit Fibre Channel
32GFC ANSI/INCITS 512 32-Gigabit Fibre Channel
1000BASE-SX ISO/IEC/IEEE 8802-3 Gigabit Ethernet
1000BASE-LX ISO/IEC/IEEE 8802-3 Gigabit Ethernet
1(11GBASE-S ISO/IEC/IEEE 8802-3 10-Gigabit Ethernet
24GBASE-SR ISO/IEC/IEEE 8802%3 25-Gigabit Ethernet

40GBASE-SR4

ISO/IEC/IEEE8802-3

40-Gigabit Ethernet

10

0GBASE-SR10

ISO/IEC/IEEE 8802-3

100-Gigabit Ethernet

10

0GBASE-SR4

ISO/IEC/TEEE 8802-3

100-Gigabit Ethernet
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Annex |
(informative)

1-Gigabit, 10-Gigabit, 25-Gigabit, 40-Gigabit and
100-Gigabit Ethernet applications

Annex | is intended to outline a summary of category A1-OM2, A1-OM3, A1-OM4, A1-OMS5 and
A1-OM1 fibre requirements and related transmission capabilities for the 1-Gigabit,
10-Gigabit, 25-Gigabit, 40-Gigabit, and 100-Gigabit Ethernet application standards developed
witfr 3" fcatt f ; er
laupch" applications.

Table 1.1 shows a summary of 1 Gb/s, 10 Gb/s, 25 Gb/s, 40 Gb/s and 100 Gbis, Etherpet

moldel and listed by increasing data rate. For each line item, there is an_ihdication of the
application link length and the requirements on transmitter launch characteristics. The
uirements of the transmitter launch characteristics are of three types.

o |Offset-launch mode-conditioning patch cord for 1 300 nm operations;’defined in IEEE 802.3.

e |Coupled power ratio (CPR) > 9 dB and avoidance of radial.everfilled launch (ROFL) |for
1 Gb/s 850 nm operations on fibres characterised solely “by overfilled launch (OFL)
bandwidth. CPR is defined in IEC 61280-4-1:2009; ROFL.is“defined in IEEE 802.3.

e |Encircled Flux (EF) requirements for 10 Gb/s, 25 Gb/s, 40 Gb/s and 100 Gb/s 850 |nm
operation on fibre models A1-OM3, A1-OM4 and A1-OM5 with effective modal bandwidth
ensured by DMD measurement. The EF requirements are: EF at 4,5 um radius < 30 % and
EF at 19,0 um radius > 86 %. For EF measurements, see IEC 61280-1-4.
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La Norme internationale IEC 60793-2-10 a été établie par le sous-comité 86A: Fibres et cables,
du comité d'études 86 de I'lEC: Fibres optiques.

Cette septieme édition annule et remplace la sixiéme édition parue en 2017. Cette édition
constitue une révision technique.

La présente édition inclut les modifications majeures suivantes par rapport a [I'édition
précédente: révision de la convention de dénomination pour les fibres multimodales A1,
correspondant mieux aux noms compris dans les normes ISO/IEC. Ces modifications sont
indiquées dans le domaine d'application du présent document avec une table
correspondance pour les nouveaux noms.
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Le texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote
86A/1932/FDIS 86A/1939/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette Norme internationale.

Ce document a été rédigé selon les Directives ISO/IEC, Partie 2.

Ung liste de toutes les parties de la série IEC 60793, publiées sous le titre général Fibyes
opliques, peut étre consultée sur le site web de I'lEC.

Le comité a décidé que le contenu de ce document ne sera pas modifié avant la date de stabilité
indjquée sur le site web de I'lEC sous "http://webstore.iec.ch"” dans les dopné€s relatives|au
dogument recherché. A cette date, le document sera
e |reconduit,

e |supprimé,
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PORTANT - Le logo "colour inside"™ qui se.trouve sur la page de couverture de cette
blication indique qu'elle contient des couleurs qui sont considérées comme utiles| a
e bonne compréhension de son contenu.'Les utilisateurs devraient, par conséquent,
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FIBRES OPTIQUES -

Partie 2-10: Spécifications de produits —
Spécification intermédiaire pour les fibres multimodales de catégorie A1

1 Domaine d'application

La|présente partie de I'lEC 60793 est applicable aux fibres optiques des sous-catégovlies
A1{OM1, A1-OM2, A1-OM3, A1-OM4, A1-OM5 et A1d. Ces fibres sont utilisées ou pedvent §tre
intggrées dans des équipements destinés a la transmission de I'information et dans.des cables
a fipres optiques.

Les sous-catégories A1-OM2, A1-OM3, A1-OM4 et A1-OM5 s'appliquent a\la fibre a gradient
d'indice de 50/125 um dans quatre classes de largeur de bande. Chaqué|classe de largeur|de
banpde est définie pour deux niveaux de performances en .matiere de pertes par
majcrocourbures, qui se distinguent par le suffixe "a" ou "b". Les sous-catégories qui comportent
le suffixe "a" sont spécifiées de fagon a satisfaire aux niveaux de‘performances classiques|en
maltiére de pertes par macrocourbures. Les sous-catégories qui comportent le suffixe "b" spnt
spgcifiées de fagcon a satisfaire aux niveaux de performancés-avancées en matiére de pertes

pall macrocourbures (c'est-a-dire des niveaux de pertes plus -faibles).

La sous-catégorie A1-OM5 est spécifiée pour prendréen charge des systémes de transmissjon
a une seule ou plusieurs longueurs d'onde au voisinage de 850 nm a 950 nm. Bien qu'elles|ne
soient pas spécifiées sur le plan normatif, les informations de largeur de bande couvrant cgtte
plage de longueurs d'onde sont également incluses pour A1-OM3 et A1-OM4.

La|sous-catégorie A1-OM1 s'applique (aux fibres a gradient d'indice de 62,5/125 um ef la
soys-catégorie A1d a celles de gradient d'indice de 100/140 um.

D'qutres applications comprennent, mais sans s'y limiter, ce qui suit: les systémes
tél}phoniques de courtes distances a haut débit, les réseaux de distribution et les réseaux

lochux qui transportent des données, la voix et/ou des services vidéo; et les connexions par
fibres intra ou inter batiment dans les locaux utilisateurs, englobant les centres de traitement
de [données, les réseaux locaux (LAN), les réseaux dédiés sauvegarde (SAN), les centr'Fux
tél¢phoniques privés (PABX), la vidéo, les différentes utilisations de multiplexage, I'utilisation
d'upe installation’de cable du réseau téléphonique externe et les différentes utilisatipns
asgociees.

Trgis types.d'exigences s'appliquent a ces fibres:

o |les.exigences générales, qui sont définies dans I'lEC 60793-2;

e des exigences spécifiques communes aux fibres multimodales de catégorie A1, couvertes
par le présent document et qui sont données a I'Article 5;

e des exigences particuliéres applicables a des sous-catégories et des modéles particuliers
de fibres ou a des applications spécifiques, qui sont définies dans les Annexes de
spécifications normatives A a D.

Le Tableau 1 montre la correspondance entre les désignations de fibres optiques multimodales
IEC A1 utilisées dans le présent document et celles utilisées dans
I'"EC 60793-2-10:2017. Le tableau se référe également aux Annexes normatives A, B et C pour
les fibres multimodales de la sous-catégorie A1 dans le présent document contenant la
spécification particuliere.
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Tableau 1 — Correspondance entre les désignations de fibres optiques
multimodales IEC A1 et I'lEC 60793-2-10:2017

Annexe Sous-catégorie Sous-catégorie/ Diametre du ISO/IEC
Modeéle noyau 11801-1:2017
(nominal)
Désignations du présent | Désignations de Utilisation de fibres
document I''EC 60793-2-10:2017 OMx cablées
A A1-OM2 Ala.1 50 pm @ oM2 ®
A1-OM3 Ala.2 50 pm OoM3
A1-OM4 A1a.3 50 pm Oom4
A1-OM5 Ala.4 50 um OM5
B A1-OM1 A1b 62,5 pym © omM1A
C A1d A1d 100 pm 5

Historiquement, I'lSO/IEC 11801:2002 définissait également des cables(OM2 faits de fibres de
62,5/125 pym ayant une largeur de bande a injection saturée minimale(de 500 MHz-km & 850 nm et
500 MHz-km a 1 300 nm. Cette combinaison de largeur de bande spécifique de fibres de 62,5/125 ym
ne fait pas partie du présent document.

Les cables OM2 ne sont pas pris en charge dans, les nouvelles installations dans
I''SO/IEC 11801-1:2017.

Historiquement, I'SO/IEC 11801:2002 définissait également des cables OM1 faits de fibres de
50/125 ym ayant une largeur de bande a injection saturée minimale de 200 MHz-km a 850 nm et
500 MHz:km a 1 300 nm. Cette combinaison de largeur de bande spécifique de fibres de 50/125 um
ne fait pas partie du présent document.

Les cables OM1 ne sont pas pris gen “charge dans les nouvelles installations dans
I''SO/IEC 11801-1:2017.
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Termes et définitions

Aucun terme n'est défini dans le présent document.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

IEC Electropedia: disponible a I'adresse http://www.electropedia.org/

ISO Online browsing platform: disponible a I'adresse http://www.iso.org/obp
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4 Termes abrégés

CPR coupled power ratio (rapport de puissance couplé)
DMD differential mode delay (retard de mode différentiel)

EF encircled flux (flux inscrit)

EMB effective modal bandwidth (largeur de bande modale effective)

EMB, calculated effective modal bandwidth (largeur de bande modale effective calculée)
LAN local area network (réseau local)

MMF multimode fibre (fibre multimodale)

NA numerical aperture (ouverture numérique)

OFLL overfilled launch (injection saturée)

OMB, overfilled launch modal bandwidth calculated from differential mode,delay (largeur

de bande modale a injection saturée, calculée a partir du retard delmode différentjel)
— également appelée OFL,)

PBK private branch exchange (central téléphonique privé)
PMD physical medium dependent (dépendant du support physique)
RQOFL radial overfilled launch (injection saturée radiale)

SAN storage area network (réseau dédié sauvegarde)
5 | Spécifications

5.1 Généralités

La [fibre est constituée d'un coeur de verre avec un profil a gradient d'indice et d'une gaine|de
verre conformément a I'lEC 60793-2.

Le terme "verre" se référe habituellement a des matériaux constitués d'oxydes non métalliqules.

5.2 Exigences dimensionnelles

Leg attributs dimensionnéls ‘et les méthodes de mesure applicables sont donnés dang le
Tableau 2.

Lesg exigences comniunes a toutes les fibres de catégorie A1 sont données dans le Tableay 3.

Le|Tableau.4/énumeére les attributs supplémentaires qui doivent étre indiqués par chaque
spégcificationde sous-catégorie.
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Tableau 2 — Attributs dimensionnels et méthodes de mesure

Attributs Méthodes de mesure
Diameétre de la gaine IEC 60793-1-20
Diamétre du coeur & © IEC 60793-1-20
Non-circularité de la gaine IEC 60793-1-20
Non-circularité du coeur IEC 60793-1-20
Erreur de concentricité entre le coeur et la gaine IEC 60793-1-20
Diprmetre duTevetenment primaire HEC60793=t=21
Ngn-circularité du revétement primaire IEC 60793-1-21
Erfeur de concentricité gaine-revétement primaire IEC 60793-1-21
Ldngueur de fibre IEC 60793-1-22

a

Le diamétre du cceur est spécifié 4 850 nm + 10 nm avec une longueur de spécimen d'essai ide
2,0 m £ 0,2 m et une valeur de seuil, k de 0,025 pour les fibres A1, a I'exception des-fibres A1-OM2b

A1-OM3b, A1-OM4b et A1-OM5b.

CORE’

Le diamétre du cceur est spécifié 4 850 nm £ 10 nm avec une longueur de spécimen d'essai de 100 m £ 5
et une valeur de seuil, kcore de 0,025 pour les fibres A1-OM2b, A1-OM3b, A1-OM4b, A1-OM5b.

Tableau 3 — Exigences dimensionnelles communes-aux fibres de catégorie A1

Attributs Uniteé Limites
Ngn-circularité du coeur % <6
Digmetre du revétement primaire — | um 245 £ 10
ing¢olore 2
Dipmétre du revétement primaire — | um 250 £ 15
cojoré 2
Erfeur de concentricité gaine- um <12,5
reyétement primaire
Langueur de fibre km b

a

Les limites sur le diamétre_durevétement primaire sont plus communément utilisées dans les cables
télécommunications. Il existe)d'autres applications qui utilisent d'autres diamétres de revétement primai
plusieurs d'entre eux sont donnés ci-dessous.

Autres diamétres nemigaux et tolérances pour le revétement primaire (um):
400 + 40

500 + 50

700 + 100

900/% 100

Lkes’exigences de longueurs varient et il convient qu'elles fassent I'objet d'un accord entre fournisseur et clie

ht.

Tableau 4 — Attributs dimensionnels supplémentaires exigés
dans les spécifications de sous-catégories

Attributs

Diameétre de la gaine

Non-circularité de la gaine

Diamétre du coeur

Eri

reur de concentricité entre le coeur et la gaine
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Exigences mécaniques

Les attributs mécaniques et les méthodes de mesure applicables sont donnés dans le
Tableau 5.

Les exigences communes a toutes les fibres de catégorie A1 sont données dans le Tableau 6.

Tableau 5 — Attributs mécaniques et méthodes de mesure

Attributs Méthodes d'essais
Edsai d'épreuve IEC 60793-1-30
Rgsistance a la traction IEC 60793-1-31
Dénudabilité du revétement primaire IEC 60793-1-32
Rgsistance a la corrosion sous contrainte IEC 60793-1-33
Tableau 6 — Exigences mécaniques communes aux fibres de,catégorie A1
Attributs Unité Limites
Niyeau de contrainte d'épreuve GPa 2.0,69 2@
Fdrce de dénudage moyenne® N 1,0 < Fayg< 5,0
Fdrce de dénudage de créte® N 1,0 < Fpeak < 8,9
Rgsistance a la traction (moyenne) | GPa > 3,8
pdur une longueur de spécimen de
0,$m
Cqnstante de résistance a la - >18
cofrosion sous contrainte, n

a

La valeur d'essai d'épreuve de 0,69 GPa es}, égale a une déformation d'environ 1 % ou une force d'envir]
8,8 N, pour les fibres A1-OM1 a .At1-OM5. Pour la relation entre ces différentes unités, V|
I''EC TR 62048:2014, 8.4.

Soit la force de dénudage moyennej soit la force de dénudage de créte, qui sont toutes les deux définies da
la procédure d'essai, peut étre spécifiée par accord entre fournisseur et client.

bn
bir

ns

5.4 Exigences de transmission

Leg
Ta

Le
spd

attributs de transmission et les méthodes de mesure applicables sont donnés dang
bleau 7.

Tableau-8 énumeére les attributs supplémentaires qui doivent étre indiqués par chag
cification de sous-catégorie.

ue
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Tableau 7 — Attributs de transmission et méthodes de mesure

Attributs Méthodes de mesure
Affaiblissement linéique IEC 60793-1-40
Largeur de bande modale 2P IEC 60793-1-41
Ouverture numérique ©d IEC 60793-1-43
Dispersion chromatique IEC 60793-1-42
Variations du facteur de transmission optique IEC 60793-1-46
Pertes par macrocourbures IEC 60793-1-47
Rgtard de mode différentiel © [EC 60793-7T-49

@ | Pour la largeur de bande modale, soit l'injection saturée (OFL), soit la largeur de bande modale a.injectipn

saturée calculée a partir du retard de mode différentiel (OMB,) peut étre utilisée. L'OMB_ est lagmethofde

d'essai de référence pour les fibres A1-OM2, A1-OM3 et A1-OM4 a 850 nm et la méthode exigee pour les
fibres A1-OM5 a 850 nm et 953 nm.

La largeur de bande modale 850 nm est spécifiée avec une longueur de spécimen d'essai dé 1 000 m £ 5(%
pour les fibres A1-OM3 a A1-OMS5. Pour les fibres A1-OM3, la largeur de bande modale, 850 nm est mesurge
a 850 nm + 10 nm. Pour les fibres A1-OM4 et A1-OMS5, la largeur de bande modale 850 nm est mesuréd a
850 nm + 2 nm. Pour les fibres A1-OM5, la largeur de bande modale est également meSurée a 953 nm £+ 6 nm.

L'ouverture numérique est spécifiée a 850 nm = 10 nm avec une longueur de spécimen d'essaide 2 m + 0,2|m
et une valeur de seuil, k,, de 0,05 pour les fibres A1, a I'exception des fibres\A1-OM2b, A1-OM3b, A1-OM4b,

A1-OM5b.

L'ouverture numérique est spécifiée a 850 nm = 10 nm avec une longu€ur de spécimen d'essai de 100 m + 5(%
et une valeur de seuil, k 5, de 0,05 pour les fibres A1-OM2b, A1<OM3b, A1-OM4b et A1-OM5b.

Le retard de mode différentiel est spécifié avec une longueur. de spécimen d'essai de 1 000 m + 5 % pour les
fibores A1-OM3, A1-OM4 et A1-OMS5. Pour les fibres A1-OM3, le retard de mode différentiel est mesurg a
850 nm = 10 nm. Pour les fibres A1-OM4 et A1-OMS5, “le retard de mode différentiel est mesuré| a
850 nm £ 2 nm. Pour les fibres A1-OM5, le retard, de mode différentiel est également mesuré| a
953 nm = 6 nm.

La|conformité a la spécification relativera la dispersion chromatique peut étre assurée paf la
conformité a la spécification relative‘a-T'ouverture numérique pour les fibres A1.

Tableau 8 — Attributs de transmission supplémentaires exigés
dans.les spécifications de sous-catégories

Attributs

Affaiblissement linéique

Largeur de bandetmadale

Dippersion chromatique

Oyverture_numérique

Pdrtes par macrocourbures

Pour [l'affaiblissement linéique et la largeur de bande modale, les spécifications de
sous-catégories peuvent contenir des plages de valeurs qui peuvent étre choisies par
spécification au lieu des limites fixées. Dans ce cas, les valeurs réelles de I'affaiblissement
linéique maximal et de la largeur de bande modale minimale, a 850 nm eta 1 300 nm (ou a une
seule de ces longueurs d'onde) doivent faire I'objet d'un accord entre fournisseur et client. Dans
un but commercial, la largeur de bande modale est normalisée linéairement a 1 km.

A des fins de recommandations, I'Annexe H montre plusieurs applications normalisées prises
en charge par les fibres A1, et I'Annexe | des capacités de transmissions pour ces mémes
fibres.
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Les coefficients d'affaiblissement maximal indiqués s'appliquent aux fibres optiques non
cablées; pour les coefficients d'affaiblissement maximal des fibres cablées, il est fait référence
a I'lEC 60794-1-1, utilisable conjointement avec le présent document. Des spécifications plus
strictes pour la fibre peuvent étre exigées pour prendre en compte I'affaiblissement ajouté dans

le processus de cablage.

Remarques sur la spécification de largeur de bande modale:

Il convient d'étre rigoureux lors de la rédaction des spécifications de largeurs de bandes
doubles. Il est entendu que pour les fibres de catégorie A1, la largeur de bande a 850 nm peut

étre liee a lalargeur de bande a 1 300 nm de la fagon representee a la Figure 1, en fonction|du

pafjametre d'indice de réfraction, g (voir I'lEC 60793-2). Des figures similaires sont donn
dans les publications [1]1, page 50, et [2], page 255. La région ombrée sous la coutbe”dd
Figure 1 peut étre définie comme la zone de fenétre double. Dans cette zone, les régions X
et f sont des exemples des endroits ou un fabricant de fibres peut choisircd'optimisert
prgcessus. C'est-a-dire, centrer la largeur de bande de production sur 850 nm),1 300 nm,

bien entre ces deux longueurs d'onde.

Du|fait de I'optimisation du processus de fabrication, certaines combinaisons de largeurs
bampdes sont impossibles (c'est-a-dire a I'extérieur de la région ombfiée).
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Figure 1 — Relation entre les largeurs de bande 4 850 nm et 4 1 300 nm

5.5 Exigences environnementales

5.5.1 Généralités

es
la
Y
le
ou

de

Les essais d'exposition a I'environnement et les méthodes de mesure correspondantes sont

documentés sous deux formes:

1 Les chiffres entre crochets se réferent a la Bibliographie.
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les attributs d'environnement et les procédures d'essai applicables sont donnés dans le

Tableau 9;

les mesures d'un attribut mécanique ou de transmission particulier qui peuvent varier |
de 'application de I'environnement sont données au Tableau 10.

Tableau 9 — Essais d'exposition a I'environnement

ors

Exposition a I'environnement Essai
Chaleur humide IEC 60793-1-50
Cheteurseehe H=G-66+93—4-54
Vdriations de température IEC 60793-1-52
Immersion dans I'eau IEC 60793-1-53
Tableau 10 — Attributs mesurés pour les essais d'environnement
Attribut Méthode de mesure
V{driations du facteur de transmission optique IEC 60793-1-46
Affaiblissement IEC 60793-1-40
Fgrce de dénudage IEC 60793-1-32
Régsistance a la traction IEC 60793-1-81
Rgsistance a la corrosion sous contrainte IEC 60793-1-33
Ce

colj

ception de fibre et de revétement donnée."Sauf indication contraire, la période de rep

auforisée entre la fin de I'exposition a leavironnement et la réalisation des mesures

att

ibuts doit étre celle spécifiée dans la méthode d'essai d'environnement spécifique.

5.5.2 Exigences liées a I'environnement mécanique (communes a toutes les fibres

catégorie A1)

5.5.2.1 Généralités

5 essais sont normalement effectués de maniere périodiqgue comme essais de type pour 1ne
i

ise
es

de

Cep essais correspondent, en pratique, aux exigences les plus séveéres applicables aux esdais
d'ekposition a I'environnement indiqués au Tableau 9.
Leg Tableaux 41,12 et 13 donnent, respectivement, la force de dénudage, la résistance 3 la
tragtion et la&ésistance a la corrosion sous contrainte prescrites.
5.5.2.2 Force de dénudage
Les—attribuis-suivanis-doivent-8ire-verifies-des—quelafibre-a-6te—retirde-detenvironnement-
Tableau 11 — Force de dénudage pour les essais d'environnement
Environnement Force de dénudage moyenne Force de dénudage de créte
N

Chaleur humide 1,0<F, <50 1,0<Fp <89

Immersion dans l'eau 1,0 < F,avg <5,0 1,0 < Fpe,ak <8,9
5.5.2.3 Résistance a la traction

Les attributs suivants doivent étre vérifiés une fois la fibre retirée de I'environnement.
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Tableau 12 — Résistance a la traction pour les essais d'environnement

Environnement

Longueur du spécimen pour la
résistance a la traction médiane:
0,5m
GPa

Longueur de spécimen pour la
résistance a la traction a 15 %:
0,5m
GPa

Chaleur humide

> 3,03

> 2,76

NOTE Ces exigences ne s'appliquent pas aux fibres sous revétement hermétique.

5.5.2.4

Les

Ta

Résistance a la corrosion sous contrainte

attributs suivants doivent étre vérifiés une fois la fibre retirée de I'environnement:

bleau 13 — Résistance a la corrosion sous contrainte pour les essais d'environnemgnt

Environnement

Constante de résistance a la.corrosion sous

contrainte, n

Chaleur humide

>18

NQTE Cette exigence ne s'applique pas aux fibres sous revétement hermétigue!

5.5.3

La
Ta

Exigences d'environnement pour la transmission
variation d'affaiblissement par rapport a la valeut initiale doit étre inférieure aux valeurs

pleau 14. L'affaiblissement doit étre mesuré de maniére périodique au cours de toutq
dunée d'exposition, pour chaque environnement-et aprés retrait de cet environnement.

Tableau 14 — Variation de I'affaiblissement pour les essais d'environnement

du
la

Environnement Longueur d'onde Augmentation de I'affaiblissemen
nm dB/km
Chaleur humide 850 <0,20
1300 <0,20
Chaleur séche 850 <0,20
1300 <0,20
Vdriations de tempérfature 850 <0,20
1300 <0,20
Immersion dans'l'eau 850 <0,20
1300 <0,20
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Annexe A
(normative)

Spécifications pour les fibres multimodales
de la sous-catégorie A1-OM2, A1-OM3, A1-OM4 et A1-OM5

A.1 Généralités

TroerioT

L I
A1 OM2 A1 OM3 A1 OM4 et A1 OM5 Les eX|gences communes, rappelees pour faCIllte
réference par rapport au corps du présent document, sont notées par une entrée~dans
colpnne "Référence". La colonne "Référence" contient également d'autres annexes-présent
deg informations applicables a [l'attribut. Les notes correspondantes du corps\du prés
dog¢ument ne sont pas répétées, mais indiquées a I'aide d'un exposant "SS".

Les sous-catégories A1-OM2, A1-OM3, A1-OM4 et A1-OM5 sont des fibres multimodale
grddient d'indice de 50/125 um dans quatre classes de largeur de bande. Tous les modé
sont spécifiés en utilisant des valeurs de largeur de bande saturée)-et les sous-catégo
A1{OM3, A1-OM4 et A1-OM5 s'appliquent également aux mesures du retard de mg
diﬂllérentiel pour offrir des performances optimisées pour des lasers proches de 850 nm.
oufre, la sous-catégorie A1-OM5 spécifie a la fois les valeurs.de largeur de bande saturéq
du retard de mode différentiel a 953 nm pour offrir des performances optimisées pour les las

la
la
Aant
ent

5 a
les
ies
de
En
et
ers

sufl une plage de longueurs d'onde au voisinage de 850 nm a 950 nm. Le modgéle

A1{0OM3 est conforme aux spécifications du modéle A4-OM2. Le modéle A1-OM4 est confor
aux spécifications du modéle A1-OM3. Le modeéle A1-OM5 est conforme aux spécifications
modele A1-OM4.

Les sous-catégories A1-OM2, A1-OM3, A1-OM4 et A1-OM5 sont également spécifiées p

Ime
du

pur

dedix niveaux de performances en matiére.de pertes par macrocourbures, qui se distingugent

pai le suffixe "a" ou "b". Ceux qui_comportent le suffixe "a" (c'est-a-dire les modé
A11{OM2a, A1-OM3a, A1-OM4a et A1“OMba) sont spécifiés de facon a satisfaire aux nive

les
ux

de performances classiques en matiére de pertes par macrocourbures. Ceux qui comportenf le
suffixe "b" (c'est-a-dire A1-OM2b,>A1-OM3b, A1-OM4b et A1-OM5b) sont spécifiés de fagoh a

satjsfaire aux niveaux de performances avancées en matiere de pertes par macrocourbu
(c'gst-a-dire des niveaux e perte plus faibles) et sont donc conformes aux performan
clapsiques en matiere de pertes par macrocourbures.

es
CEes

La phomenclature utilisée pour les sous-catégories A1-OM2, A1-OM3, A1-OM4 et A1-OM5 étaplit

une hiérarchie de-codage qui permet de désigner des fibres de spécificité croissante.
exgmple, des."bons de commande de fibres A1-OM3 peuvent étre rédigés en suivant
spécification\‘A1-OM3a ou A1-OM3b. Par conséquent, lorsque les spécifications et
degcriptions-s'appliquent a tous les modeles a des niveaux hiérarchiques plus bas, seule
paftie, commune du nom est indiquée.

Par
la
les
la

Les exigences dimensionnelles, mécaniques et environnementales sont communes a tous
types et sont spécifiées dans les Tableaux A.1 et A.2. Les exigences de transmiss
communes et particulieres sont spécifiées dans le Tableau A.3.

A.2 Exigences dimensionnelles

les
ion

Le Tableau A.1 contient les exigences dimensionnelles qui sont spécifiques aux fibres

A1-OM2, A1-OM3, A1-OM4 et A1-OMS5.
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Tableau A.1 — Exigences dimensionnelles spécifiques
aux fibres A1-OM2, A1-OM3, A1-OM4 et A1-OM5

Attributs Unité Limites Référence
Diametre de la gaine um 125+ 1
Non-circularité de la % <1
gaine
Diamétre du noyau SS um 50 +2,5
Erreur de concentricité pum <2
entre—te-eeetr-ettagaine
Ngn-circularité du coeur % <6 5.2
Dipmétre du revétement pum 245+ 10 5.2
primaire — incolore SS
Dipmétre du revétement pm 250 + 15 5.2
primaire — coloré SS
Erfeur de concentricité pum <12,5 5.2
gdine-revétement
primaire
Longueur km (voir 5.2) 5.2
Ss

Voir les notes du corps du présent document.

A.3 Exigences mécaniques

Le |Tableau A.2 contient les exigences mécaniques qui sont spécifiques aux fibres A1-OM2,
A110OM3, A1-OM4 et A1-OM5.

Tableau A.2 — Exigences mécaniques spécifiques
aux fibres A1-OM2, A1-OM3, A1-OM4 et A1-OM5

Attributs Unité Limites Référence

Niyeau de contrainte GPa > 0,69 5.3
d'¢preuve SS

Fdrce de dénudage N 1,0 < Favg <5,0 5.3
moyenne SS

Fdrce de dénudage de N 10<F <8,9 5.3
peak
cr¢te SS

SS

Voir les notesidu corps du présent document.

A.4 . Exigences de transmission

Le Tableau A.3 contient les exigences de transmission qui sont spécifiques aux fibres
A1-OM2, A1-OM3, A1-OM4 et A1-OM5.
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Tableau A.3 — Exigences de transmission spécifiques
aux fibres A1-OM2, A1-OM3, A1-OM4 et A1-OM5

Attributs Unité Limites Référence
Sous-catégorie de fibre A1-OM2 A1-OM3 A1-OM4 A1-OM5
Longueur(s) d'onde de nm 850 850 a 950 | Annexe E
fonctionnement cible(s) @
Affaiblissement linéique maximal a dB/km 2,5
850 nm
Affaiblissement linéique maximal a dB/km Non spécifiées 1,8
953nm
Affaiblissement linéique maximal a dB/km 0,8
1 3P0 nm
Produit longueur-largeur de bande MHz-km 500 1500 3500 3 500 Article [).6
moflale minimale pour injection
satfirée a 850 nm SS
Produit longueur-largeur de bande MHz-km Non spécifiées 17850 Article ).6
moflale minimale pour injection
satfirée a 953 nm SS
Produit longueur-largeur de bande MHz-km 500
moglale minimale pour injection
satprée a 1 300 nm
Produit longueur-largeur de bande MHz-km Non 2 000 4 700 4700 Annexeq D,
gnsojale effective minimale a 850 nm spécifiées Conformé.a+Conforme a | Conforme a E,F, &
I'Article"Dv1 |I'Article D.3 |I'Article D.5
ou'a ou a
l!Articte D.2 |I'Article D.4
Produit longueur-largeur de bande MHz-km Non'spécifiées 2 470 Annexeq D,
Smsojale effective minimale a 953 nm Conforme 2 E,F, &
I'Article D.5
Ouyerture numérique SS Sans 0200 =0 015
dimension
Mogiéle de fibre A1-OM2a | A1-OM3a | A1-OM4a | A1-OM5a
Pertes Rayon de |Nombre de dB Max a 850 nm / 1 300 nm
makimales |courbure tours
panmacro- |37 5 mm 100 0,5/0,5
codrbures
15 mm 2 1,0/1,0
Motiéle de fibre A1-OM2b | A1-OM3b | A1-OM4b | A1-OM5b
Pertes Rayon de Nombre de dB Max a 850 nm / 1 300 nm
makimales |courbure tours
parnmacro- 137 5 mm 100 0,5/0,5
coyrbures
15 mm 2 0,1/0,3
7,5, mm 2 0,2/0,5
Lorlgueur d'onde de dispersion nulle, nm 1295<25<1340°¢ 1297 < 4,
*o <13284
Lorjguguf d'onde de dispersion nulle, ps/(nm?2-km) Sy < 0,105 a partir de Sy <
So T295 nm < 4, < 1 310 nm, et 7 (=103)7
< 0,000 375 (1 590 — Ay) & partir de | (840 (1~
(1,/840)%))
1310 nm < 1, <1340 nm © d

I''EC 61280-4-1.

¢ Le cas

SS Voir les notes du corps du présent document.

2 Les longueurs d'onde de fonctionnement cibles sont données a titre d'information uniquement.

b La condition d'injection pour la mesure des pertes par macrocourbures doit satisfaire a celle décrite dans

le plus défavorable pour le coefficient de dispersion chromatique a 850 nm (par exemple
Sp = 0,093 75 ps/nm2-km a g = 1 340 nm ou Sg = 0,101 25 ps/nm?km & 1g = 1 320 nm) est de =104 ps/(nm km).

d  Les coordonnées qui générent la dispersion la plus défavorable pour des longueurs d'onde de fonctionnement
entre 840 nm et 1 000 nm sont Ag = 1 328 nm, Sy = 0,093 477 ps/(nm?-km). Le coefficient de dispersion

chromatique le plus défavorable a 850 nm est —98,5 ps/(nm km)
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A.5 Exigences environnementales

Les exigences de 5.5 doivent étre satisfaites.
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Annexe B
(normative)

Spécifications pour les fibres multimodales de la sous-catégorie A1-OM1

B.1 Généralités

L'Annexe B contient les exigences particulieres applicables aux fibres A1-OM1. Les exigences

communes, rappelées pour faciliter la référence par rapport au corps du présent document,
sont notées par une entrée dans la colonne «Référence». Les notes correspondantes du_cofps
du [présent document ne sont pas répétées, mais indiquées a l'aide d'un exposant "SS’,
Ung fibre de la sous-catégorie A1-OM1 est une fibre a gradient d'indice de 62,5/125 um.
B.2 Exigences dimensionnelles
Le| Tableau B.1 contient les exigences dimensionnelles qui soni)yspécifiques aux fibfes
A1i0M1.
Tableau B.1 — Exigences dimensionnelles spécifiques aux fibres A1-OM1
Attributs Unité Limites Référence

Dipmetre de la gaine pum 125472

Ngn-circularité de la % <2

gdine

Dipmeétre du noyau SS pum 62,5+3

Erfeur de concentricité um <3

enftre le coeur et la gaine

Ngn-circularité du cceur % <6 5.2

Dipmeétre du revétement pum 245+ 10 5.2

primaire — incolore SS

Dipmeétre du revétement pm 250 + 15 5.2

primaire — coloré SS

Erfeur de concentricité um <12,5 5.2

gdine-revétement

primaire

Longueur SS km (voir 5.2) 5,2

SS

Voir les hotes du corps du présent document.

B.

Exigences mecaniques

Le Tableau B.2 contient les exigences mécaniques qui sont spécifiques aux fibres A1-OM1.
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Tableau B.2 — Exigences mécaniques spécifiques aux fibres A1-OM1

IEC 60793-2-10:2019 © IEC 2019

Attributs Unité Limites Référence
Niveau de contrainte GPa > 0,69 5.3
d'épreuve S°
Force de dénudage N 1,0 < Favg <5,0 5.3
moyenneSS
Force de dénudage de N 1,0 < Freak < 8,9 5.3
créte SS

SS_\ o

rs =i =i A i ol %
VOSSR OteS— G CorPS—Gu—pPreSehitTaotunent

B.4 Exigences de transmission

Le [Tableau B.3 contient les exigences de transmission qui sont spécifiques aux fibres A1-0]

Tableau B.3 — Exigences de transmission spécifiques aux-fibres A1-OM1

Attributs

Unité

Limites

Référence

Affaiblissement linéique
maximal a 850 nm

dB/km

3,0

Affaiblissement linéique
maximal a 1 300 nm

dB/km

1,0

Prpduit longueur-largeur
del bande modale
minimale a 850 nm

MHz-km

200

Prpduit longueur-largeur
del bande modale
minimale a 1 300 nm

MHz-km

500

Odverture numérique SS

Sans dimension

0275+£0015

Pgrtes maximales par
macrocourbures

100 tours sur un rayon de
cojurbure de 37,5 mm a
dels longueurs d'onde de
850 nm et 1 300 nm 2

dB

0,5

Longueur d'onde de
digpersion nulle, 4,

nm

1320<2,<1365°

Pgnte de dispersion, nulle

So

7ie1320nms/10$
1 348 nNm

e\N348 nm < 4, <

ps/(nm?-km)

<0,11°b
<0,001 (1458 — ) °

1 365 nm

I''EC 61280-4-1.

est de —125 ps/(nm km).

a8 La condition d'injection pour la mesure des pertes par macrocourbures doit satisfaire a celle décrite dans

Le coefficient de dispersion chromatique le plus défavorable a 850 nm (S, = 0,11 ps/nm?-km a 2o = 1348 nm)

S8 Voir les notes du corps du présent document.

B.5 Exigences environnementales

Les exigences de 5.5 doivent étre satisfaites.
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Annexe C
(normative)

Spécifications pour les fibres multimodales de la sous-catégorie A1d

C.1 Généralités

L'Annexe C contient les exigences particuliéres applicables aux fibres A1d. Les exigences

communes, rappelées pour faciliter la référence par rapport au corps du présent docum

nt,

sont notées par une entrée dans la colonne "Référence". Les notes correspondantes du_co
du [présent document ne sont pas répétées, mais indiquées a l'aide d'un exposant "SS’,

Ung fibre de la sous-catégorie A1d est une fibre a gradient d'indice de 100/140 pm:

C.2 Exigences dimensionnelles
Le [Tableau C.1 contient les exigences dimensionnelles qui sont spécifiques aux fibres A1d

Tableau C.1 — Exigences dimensionnelles spécifiques aux fibres A1d

'psS

Attributs Unité Limites Référence
Dipmétre de la gaine um 140 £ 4
Ngn-circularité de la % <4
gdine
Dihmetre du noyau S8 pm 100+ 5
Erfeur de concentricité pum <6
enttre le coeur et la gaine
Ngn-circularité du coeur % <6 5.2
Dipmeétre du revétement pum 245+ 10 5.2
primaire — incolore S8
Dipmétre du revétement pum 250 + 15 5.2
pr{maire — coloré SS
Erfeur de concentricité pum <12,5 5.2
gdine-revétement
primaire
Ldngueur SS km (voir 5.2) 5,2

SS

Voir les notes-du corps du présent document.

C.3 Exigences mécaniques

Le Tableau C.2 contient les exigences mécaniques qui sont spécifiques aux fibres A1d.
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Tableau C.2 — Exigences mécaniques spécifiques aux fibres A1d

Attributs Unité Limites Référence
Niveau de contrainte GPa > 0,69 53
d'épreuve SS
Force de dénudage N 1,0 < Favg <5,0 5,3
moyenneSS
Force de dénudage de N 1,0 S Fpoa <89 5,3
créte S8
SQ ‘VlUiI iUb IIUi.UD du bUIpD du }JIU’bGII‘l dUbuIIIUIIL

C.4 Exigences de transmission
Le [Tableau C.3 contient les exigences de transmission qui sont spécifiques _aux fibres A1d.

Tableau C.3 — Exigences de transmission spécifiques aux‘fibres A1d

Attributs Unité Limites Référence
Affaiblissement linéique dB/km 3,5a7,0
makimal & 850 nm 2
Affaiblissement linéique dB/km 1,5a4,5
makimal a 1 300 nm 2@
Produit longueur-largeur de |MHz-km 10 a.200
barlde modale minimale a
850 nm @
Produit longueur-largeur de |MHz-km 100 a 300
barlde modale minimale a
13p0nm?@
Ouyerture numérique S Sans dimension 0,26 + 0,03 ou 0,29 + 0,03
Pentes maximales par dB Fera I'objet d'une étude
magrocourbures ultérieure
Lorjgueur d'onde de nm 1330<1,<1385°

dispersion nulle, 4,

Pente de dispersion nulle . \[ps/(nm?-km)
So

<0105°
—dp 1330 nm < A<

< 0,000 5 (1575 - 4;) b
135 nm

7d31365nm£ﬂos
13B5 nm

2 |Lacolonne «Limites» forme une plage de valeurs qui peuvent étre spécifiées.

b Le coefficient de dispersion chromatique le plus défavorable a 850 nm (S, = 0105 ps/(nm2-km) a

%o = 1365 nm) est de —126 ps/(nm km).

SS Voir les notes du corps du présent document.

C.5 Exigences environnementales

Les exigences de 5.5 doivent étre satisfaites.
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