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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL FIBRES -

Part 2-40: Product specifications —
Sectional specification for category A4 multimode fibres

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardizatign 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 fields, To this end

ing
nal
and

n addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Repqgrts,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC, Rublication(s)"). Their

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
ing

vith the |IEC also participate in this preparation. IEC collaborates closely with the(nternational Organizatior] for

Standardization (ISO) in accordance with conditions determined by agreement between the two organizationfs.

The formal decisions or agreements of IEC on technical matters express, as‘nearly as possible, an internati

nal

consensus of opinion on the relevant subjects since each technical committee has representation from all

nterested IEC National Committees.

EC Publications have the form of recommendations for internationalise and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts are madeito ensure that the technical content of
Publications is accurate, IEC cannot be held responsible fer 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

nal
IEC
any

ons

ransparently to the maximum extent possible in their national and regional publications. Any divergence betwjeen

Bny |EC Publication and the corresponding national arregional publication shall be clearly indicated in the la

EC itself does not provide any attestation of conformity. Independent certification bodies provide confor
hssessment 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 fatest 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.

ter.

ity
any

and
P or
land
IEC

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

ndispensable for the-eorrect 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
Fights. IEC shalltnot™be held responsible for identifying any or all such patent rights.

ent

s redline version of the official IEC Standard allows the user to identify the changes

mjge fo/the previous edition IEC 60793-2-40:2015. A vertical bar appears in the mar
h

rever a change has been made. Additions are in green text, deletions are

gin
in

strikethrough red text.
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International Standard IEC 60793-2-40 has been prepared by subcommittee 86A: Fibres and
cables, of IEC technical committee 86: Fibre optics.

This fifth edition cancels and replaces the fourth edition published in 2015. This edition
constitutes a technical revision.

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

a) revision of NA range of A4a.2;

b) |addition of a new subcategory A4i;
c) |deletion of the subcategory A4f and of Annex F.

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

CDhV Report on voting
86A/1943/CDV 86A/1981/RVC

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 ISQAEC 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 6f-this document will remain unchanged until the
stapility date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
thel specific document. At this date, the doeument will be
e |reconfirmed,

e |withdrawn,

e |[replaced by a revised edition, or

e |amended.

ntains colours which are considered to be useful for the correct understanding of its

II}PORTANT — The''colour inside’ logo on the cover page of this publication indicates that it
ntents. Users should therefore print this document using a colour printer.
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OPTICAL FIBRES -

Part 2-40: Product specifications —
Sectional specification for category A4 multimode fibres

1 Scope

This part of IEC 60793 is applicable to category A4 optical multimode fibres and the relaled
suljcategories Ada, Adb, Adc, A4d, Ade—A4f, A4dg, Adh and A4i. These fibres have'a-plastic
corne and plastic cladding and may have step-index, multi-step index or graded-index profiles.
The fibres are used in information transmission equipment and other applications” employjing
sinjilar light transmitting techniques, and-finally in fibre optic cables. Table 1 summarizes some
of fhe salient characteristics and applications of these fibres.
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Table 1 — Characteristics and applications of category A4 fibres

Sub- Ada Adb Adc Add Ade A4t Adg Adh
category
Core See See See See =500 200 120 62,5
diameter Note-+ Note | Note Note-1
) 1 1
Cladding 1000 750 500 4-000 750 490 490 245
diameter
(prn)
R
Nay
Opergting 850 850 650 850 650 650 850 850
B e el 1-340
length See-Note-2 1300 4300
{s)-np)
interface; and interface interface compatible primarily
automobile; | sen- and-data and-data with-A3 used-in
sensor-and equipment structurgs
data
e
sion

Syb-category Ada A4b Ade, A4d Ade A4f Adg Adh Adgi
Ada.1 Ada.2
Cdre diameter a a a a 2 500 o 120 62,5 56
()
Cladding d d
didmeter (um) 1000 250 500 1000 750 c 490 245 440
Nymerical
< N
apprture Nag 0.50 053 0,50 0,50 0,30 0,25 c 0,190 0,190 0,24
e
Ogerating 650 850
wgve-length(s) 6600 650 650 650 650 c 850 1300 840
(nip) 1300
Appplications Digital audio Industrial |Sensor Digital Digital c Data Data Industrial
interface, automobile, |and audio- audio- trans- trans- data
industrial, sensor and |sensor visual visual mission mission; [trans
data transmission interface |interface primarily [missipn
and data [and data used in
frans- irans- ribbon
mission mission structures

a8 Typically 15 pm to 35 pym smaller than the cladding diameter.
Other potential wavelengths for A4a fibre are described in Annex K.
This sub-category is outdated and therefore no more specified.

Cladding diameters of 490 yum and 750 um are also possible.

Na is numerical aperture measured by far field pattern method.
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In addition to the applications shown in Table 1, other applications for A4 fibres include, but are
not restricted to, the following: support for short reach, high bit-rate systems in telephony,
distribution and local networks, carrying data, voice and/or video services and on-premises
intrabuilding and interbuilding fibre installations, including local area networks (LANs), private
branch exchanges (PBXs), video, various multiplexing uses and miscellaneous related uses,
such as consumer electronics and industrial and mobile networks.

Three types of requirements apply to A4 fibres:

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

e |specific requirements common to category A4 multimode fibres covered in this documgnt
and which are given in Clause 4;

e |particular requirements applicable to individual fibre sub-categories and implementationg or
specific applications which are defined in this document, in the normative fanily
specification annexes.

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 referencéd document (including @ny
amendments) applies.

IEQ 60068-1, Environmental testing — Part 1: General and guidance

IEQ 60793-1-20:2004, Optical fibres — Part 1-20: Measurement methods and test procedure
Fibre geometry

()
|

IEQ 60793-1-22, Optical fibres — Part 1=22: Measurement methods and test procedure$ —
Lemgth measurement

IEG 60793-1-40:20042019, Opticakfibres — Part 1-40: Attenuation measurement methods-gnd
foglsresodos A lonpntion

IEQ 60793-1-41, Optical fibres — Part 1-41: Measurement methods and test procedure$ —
Bahdwidth

IEQ 60793-1-42, Optical fibres — Part 1-42: Measurement methods and test procedure$ —
Chromatic dispersion

IEQ 60793-4243, Optical fibres — Part 1-43: Measurement methods and test procedure$ —
Numerical aperture measurement

IEC6U0793-T-46, Optical fibres — Parl 1-46. Measurement methods and 1esl procedures —
Monitoring of changes in optical transmittance

IEC 60793-1-47:2009, Optical fibres — Part 1-47: Measurement methods and test procedures —
Macrobending loss

IEC 60793-1-50, Optical fibres — Part 1-50: Measurement methods and test procedures — Damp
heat (steady state) tests

IEC 60793-1-51, Optical fibres — Part 1-51: Measurement methods and test procedures — Dry
heat (steady state) tests
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IEC 60793-1-52, Optical fibres — Part 1-52: Measurement methods and test procedures —
Change of temperature tests

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:
e |IEC Electropedia: available at http://www.electropedia.org
e |[ISO Online browsing platform: available at http://www.iso.org/obp
4 | Specifications
4.1 Dimensional requirements
Relevant dimensional attributes and measurement methods are givemin’ Table 2.
Refijuirements common to all category A4 fibres are indicated in Table 3.
Addlitional attributes that shall be specified in the family¢specifications for subcategories-A4f
A4y through-A4h Adi are given in Table 4.
Table 2 — Dimensional attributes‘a@and measurement methods
Attribute Measurement method

Clladding diameter IEC 60793-1-20 2@

Clladding non-circularity IEC 60793-1-20 @

Cqre diameter P IEC 60793-1-20

Fibre length IEC 60793-1-22

Cqre-cladding concentricity erron IEC 60793-1-20

Core non-circularity IEC 60793-1-20

a8 | Mechanical methods.are also applicable to cladding diameter and cladding non-circularity measurementy if

they provide the same measurement uncertainty.
b ] Core diameteriis.specified at 650 nm * 10 nm with a test specimen length of 2,0 m + 0,2 m and a threshdld
value ke org)0t2,5 % (IEC 60793-1-20:2004, method B) for A4 fibres.
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Table 3 — Requirements common to all category A4 fibres

Attribute Unit Limit
Cladding diameter gm a
Cladding non-circularity % <6b
Core diameter um c
Fibre length km d

a8 The cladding diameter varies and is listed in the family specification.

b " Unless otherwise specified In the family specification.

¢ | For Ada, A4b, Adc and A4d fibre, the core diameter is typically 15 um to 35 ym smaller than the_¢laddihg
diameter. For Ade,-A4f; A4g, A4h and A4i fibre, the core diameter varies and is listed in the relevant family
specification (in the annexes to this document).

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

Table 4 — Additional attributes required in-A4f Ad4g through-A4h A4i family
specifications

Attribute

Core non-circularity

Core-cladding concentricity error

4.20 Mechanical requirements
4.21 General

Mechanical attributes, test methods, and. requirements for buffered fibres can be found in
IEG 60794-2-41.

Relevant mechanical attributes and test methods are given in Table 5.
Refijuirements common to all.category A4 fibres are indicated in Table 6.

Addlitional attributes that shall be specified in the family specifications for subcategories-A4f
A4g through-A4h Adi are given in Table 7.

Table 5 — Mechanical attributes and test methods

Attribute Test method

Tensile performance 4.2.2

Table 6 — Requirements common to category A4 fibres

Attribute Unit Limit
Elongation at yield peak % 24,0
Tensile load at yield peak N a

a8 Tensile load at yield peak varies and is listed in the

family specification (see annexes to this document).
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Table 7 — Additional attributes required in family specification
for subcategory-A4f Adg through-A4h Adi fibres

Attribute

Tensile load to induce 4 % elongation

.2 Tensile load test

.21 Object

Th«la purpose of this test is to characterize the ability of the fibre to support a load during handl
Its

be

4.2,

Fig
exh
al
dud
the)

4.2,

carried out at the standard test conditions in compliance with IEC 60068-1.

purpose is to obtain values of the fibre's tensile strength.

2.2 Definition of yield peak

ure 1 shows a typical load versus elongation curve for a plastic-optical fibre. The cu

ing.

v THe test shall

F've

ibits an initial monotonic increase in tensile load with applied-elongation that goes throdgh

pad peak. The peak is followed by a decrease in load as the-sample begins to underg

D a

tile, irreversible elongation. Localized necking and drawing-of the sample may accompany

process. This phenomenon is known as yielding and the\peak is termed a yield peak.

A

Load (N)

PR

/

0 >
0 Strain (%)
IEC

Figure 1 — Tensile load versus elongation for a plastic optical fibre

23 Test apparatus

TheTength of the sample between two clamping devices shall be between TOU mm and 200

m.

The tensile strength measuring apparatus shall be a device, for example a vertical tensile tester,
which provides relative motion to the test fibre. The apparatus shall be capable of imparting
constant motion without jerking the fibre under test. The apparatus shall have the ability to
simultaneously measure and record the resulting tensile force or load. To prevent fibre
breakage, the means used to secure the fibre ends at the clamping points shall not stress the
fibre excessively.

4.2

2.4 Procedure

The tensile speed shall be 100 mm/min £ 10 %. Yield strength and yield elongation are obtained
from the load-elongation curve described in 4.2.2.2. Unless otherwise specified, tensile load at

the

yield peak and tensile load to induce 4 % elongation shall be recorded.
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NOTE Elongation to breaking point is not applicable to category A4 fibres.
4.2.2.5 Requirements

The requirements are stated in the family specifications found in Annex A to Annex J. If the
fibre sample breaks at a clamping point, the test shall be regarded as invalid and another test
shall be carried out. The number of samples tested shall be sufficient to allow for a statistical
analysis.

4.3 Transmission requirements

Relevant transmission attributes and measurement methods are given in Table 8.
Additional attributes required in the family specifications are indicated in Table 9.

Table 8 — Transmission attributes and measurement methods

Attribute Measurement method
Atfenuation @ IEC 60793-1-40
Mddal bandwidth @ IEC 60793-1-41
Mddal bandwidth with RML IEC 60793-1-41
Nymerical aperture 2.4 IEC 60793-1-43
Chromatic dispersion IEC 60793-1-42
Macrobending loss IEC 60793-1-47:2009, method B

2| When measuring attenuation and modal bandwidth, thé.appropriate launching conditions should be appligd

as specified in IEC 60793-1-40 and IEC 60793-1-41 oras stated in the family specification. Bandwidth is ot
necessarily linear with regard to length. The value ©f bandwidth is referenced to 100 m of fibre.

Numerical aperture is specified at 650 nm £ 40cAm with a test specimen length of 2,0 m+ 0,2 m and| a
threshold value &y, of 50 % for Ada to Adc and’A4e fibres.

¢ | Numerical aperture is specified at 650 nfayx 10 nm with a test specimen length of 2,0 m £ 0,2 m and by the
local minimums and related angles in\the farfield intensity pattern for A4d fibres (IEC 60793-1-43:2044,
Technique 4, inverse far-field measdrement).

Numerical aperture is specifiedtat 850 nm = 10 nm with a test specimen length of 6,0 m £ 0,6 m and| a
threshold value ky, of 5 % forsAdf Adg to-Adh Adi fibres.

Table 9 — Attributes required in family specifications

Attribute

Attenuation

Modal bandwidth

Numerical aperture

Chromatic dispersion

Macrobending loss

4.4 Environmental requirements
4.41 General
Environmental exposure tests and measurement methods are documented in two forms:

e relevant environmental attributes, test methods and test conditions given in Table 10;

e measurements of a particular mechanical and transmission attribute that may change during
exposure to the environmental test listed in Table 11.
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Table 10 — Environmental exposure tests

Test condition 2 Environment Test method ® Test condition ©
Damp heat IEC 60793-1-50 +75 °C, 85 % RH, 30 days
A Dry heat IEC 60793-1-51 +85 °C, 30 days
Change of temperature IEC 60793-1-52 T,:=40 °C, T5:+85 °C
Damp heat IEC 60793-1-50 +60 °C, 85 % RH, 30 days
B Dry heat IEC 60793-1-51 +70 °C, 30 days
Change of temperature IEC 60793-1-52 T):=20 °C, Tg:+70 °G

a8 | Test condition A or B should be agreed between supplier and customer.

Although these test methods do not specifically mention their applicability to A4 fibres, the test methods sho
be used. The test specimen length shall be agreed between supplier and customer.

¢ | These test conditions supersede any that might be specified in the indicated test methods,

d

Table 11 — Attributes measured

Attribute Measurement'method
Change in optical transmission IEC'60793-1-46
Tensile load 4.2.2

The¢se tests are normally conducted periodically/as type-tests for a fibre design. Unl

(0]

thlerwise specified:

the specimen shall be pre-conditioned.by’keeping it at standard atmospheric conditions
at least 24 h, and

measuring the attributes shall be-as stated in the particular environmental test method.

Enyironmental exposure testing-of subcategory Ada to Ade fibres are usually performed a
thel fibres are buffered (referito IEC 60794-2-41 for environmental requirements on buffe

fi
S

4

T

e

bres). Environmental expesure testing of unbuffered fibre is only required when the fibres
olf in unbuffered form

.4];2 Mechanical environmental requirements
e

sile strength shall be verified according to Table 12 following removal of the fibre from
nyironment but only after cooling down the specimen at standard atmospheric conditions.

Table 12 — Requirement for tensile strength

for

the recovery period allowed between the completion of the environmental exposure and

ter
red
are

the

Environment Elongation at yield peak

Damp heat 24,0 %

4.4.3 Transmission environmental requirements

Change in attenuation from the initial value shall be less than the values in Table 13 and
Table 14. The requirements differ for the two groups of fibres because of their different

a

pplication environments.
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Table 13 — Requirement for change in attenuation for Ad4a through A4e fibre

Change of temperature

Environment Attribute Unit Limits
Damp heat Attenuation increase at 650 nm dB/100 m <5
(includes attenuation due to
water absorption)
Dry heat Attenuation increase at 650 nm dB/100 m <2
Attenuation increase at 650 nm dB/100 m <2

Table 14 — Requirement for change in attenuation for-A4f A4g through-A4h A4i fibrel

Change of temperature

850 nm and/or 1 300 nm

Environment Attribute Unit Limits
Dgmp heat Attenuation increase at 650 nm, dB/100 m <1.0
a
850 nm and/or 1 300 nm (includes|attenuation due tdg
water absorption)
Dny heat Attenuation increase at 650 nm, dB/100 m <0,5
850 nm and/or 1 300 nm
Attenuation increase at 650 nm, dB/100 m <0,5

a | Because the effect of absorbed water can be significant at 1 300 nm,“attenuation increase is specified o
after the sample has recovered for at least 24 h under standard roomMemperature atmospheric conditions.

y
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Annex A
(normative)

Family specifications for subcategory A4a multimode fibres

A.1 General

The clauses and tables in this Annex A contain particular requirements applicable to
subcategory Ada fibhres Commaon requirements from the main hndy text of this dociiment and

repeated here for ease of reference-from-this-sectional-specification, are noted by an entry in

the] "Reference" column.

Subcategory A4a fibre is a 1 000 um cladding diameter step-index fibre.

A.2 Dimensional requirements
Table A.1 contains dimensional requirements specific to Ada fibres.

Table A.1 — Dimensional requirements specific'to Ada fibres

Attribute Unit Limit Reference
Cladding diameter gm 1000 £ 60 4.1
Cladding non-circularity % <6 4.1
Core diameter um See 4.1 4.1
Table 2
Fibre length km See 4.1 4.1

A.3 Mechanical requirements
Table A.2 contains mechapical’ requirements specific to A4a fibres.

Table:A:2 — Mechanical requirements specific to Ada fibres

Attribute Unit Limit Reference
Tensile load at yield peak N = 56 4.2.2
Elongation at yield peak % 24,0 4.2.2

A.4 Transmission requirements
Table A.3 contains transmission requirements specific to A4a fibres.

Implementation A4a.1 corresponds to subcategory A4a fibre specified in the second edition of
this document, IEC 60793-2-40:2006. Implementation A4a.2 is a higher grade of subcategory
Ada fibre in terms of attenuation and bandwidth, to achieve longer distance transmission than
implementation A4a.1 (see Annex J for information about 520 nm transmission over A4a.2
fibres).
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Table A.3 — Transmission requirements specific to A4a fibres
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Attribute Unit Limit Reference
Ada.1 Ada.2
Attenuation at 650 nm when using an dB/100 m @ <40 <40 4.3
overfilled launch
Attenuation at 650 nm when using an dB/100 m @ <30 <18 4.3
equilibrium mode distribution launch ©
Minimum modal bandwidth at 650 nm MHz over 100 m © 10 - 4.3
Minimum modal bandwidth at 650 nm MHz over 100 m © - 40 4.3
using RML
Nymerical aperture Unitless 0,50 + 0,485+ 473
0,15 0,045
0,53 + Table 8
0,07
Macrobending loss at 650 nm (10 turns dB <0,5 <05 4.3
arpund a 25 mm radius quarter circle)

The unit of 100 m is used because this is typical of the fibre length actually used. Attenuation values expressed
in dB/100 m can be approximately compared to values stated in dB/km by multiplying the dB/100 m values py

10.

The unit of MHz over 100 m is used because this is typical of the fibre Jength actually used. Bandwidth values
expressed in MHz over 100 m can be approximately compared to yalues stated in MHz-km by dividing the

MHz over 100 m values by 10.

See Annex J.

Th

»)
L

Environmental requirements

requirements of 4.4 shall be met.
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Annex B
(normative)

Family specifications for subcategory A4b multimode fibres

B.1 General

The clauses and tables in this Annex B contain partlcular reqwrements apphcable to

repeated here for ease of reference-from-thissectional-specification, are noted by an entry i

the] "Reference" column.

Subcategory A4b fibre is a 750 um cladding diameter step-index fibre.

B.2 Dimensional requirements
Table B.1 contains dimensional requirements specific to A4b fibres.

Table B.1 — Dimensional requirements specific'to Adb fibres

nd

Attribute Unit Limit Reference
Clpdding diameter gm 750 + 45 4.1
Clpdding non-circularity % <6 4.1
Cqre diameter pm See 4.1 4.1
Table 2
Fibre length km See 4.1 4.1

B.3 Mechanical requirements
Table B.2 contains mechapical requirements specific to A4b fibres.

Table:B.2 — Mechanical requirements specific to A4b fibres

Attribute Unit Limit Reference
Tensile load at yield peak N > 32 4.2.2
Elongation at yield peak % 24,0 4.2.2

B.4 Transmission requirements

Table B.3 contains transmission requirements specific to A4b fibres.
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Table B.3 — Transmission requirements specific to A4b fibres

arpund a 25 mm radius quarter circle)

Attribute Unit Limit Reference

Attenuation at 650 nm when using an dB/100 m @ <40 4.3
overfilled launch

Attenuation at 650 nm when using an dB/100 m @ <30 4.3
equilibrium mode distribution launch ©

Minimum modal bandwidth at 650 nm MHz over 100 m b 10 4.3
Numerical aperture Unitless 0,50 + 0,15 4.3

Table\8

Macrobending loss at 650 nm (10 turns dB <0,5 4.3

10.

MHz over 100 m values by 10.

¢ | See Annex J.

The unit of 100 m is used because this is typical of the fibre length actually used. Attenuation values expressked
in dB/100 m can be approximately compared to values stated in dB/km by multiplying the dBf100 m values py

The unit of MHz over 100 m is used because this is typical of the fibre length actuallyjused. Bandwidth valules
expressed in MHz over 100 m can be approximately compared to values statedyin MHz-km by dividing the

B.% Environmental requirements

The¢ requirements of 4.4 shall be met.
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Annex C
(normative)

Family specifications for subcategory Ad4c multimode fibres

C.1 General

The clauses and tables in this Annex C contain particular requirements applicable to
subcateqgory Adc fibres Commaon requirements from the main hndy text of this document and

repeated here for ease of reference-from-this-sectional-specification, are noted by an entry in

the] "Reference" column.

Sub-category A4c fibre is a 500 ym cladding diameter step-index fibre.

C.2 Dimensional requirements
Table C.1 contains dimensional requirements specific to A4c fibres.

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

Ta

Attribute Unit Limit Reference
Cladding diameter gm 500 + 30 4.1
Cladding non-circularity % <6 4.1
Core diameter Mm See 4.1 4.1
Table 2
Fibre length km See 4.1 4.1

.3 Mechanical requirements

ble C.2 contains mechapical requirements specific to A4c fibres.

Table:C:2 — Mechanical requirements specific to A4c fibres

Attribute Unit Limit Reference
Tensile load at yield peak N =14 4.2.2
Elongation at yield peak % 24,0 4.2.2

C.4 Transmission requirements

Table C.3 contains transmission requirements specific to A4c fibres.
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Table C.3 — Transmission requirements specific to A4c fibres

Attribute Unit Limit Reference

Attenuation at 650 nm when using an overfilled dB/100 m @ <40 4.3
launch

Attenuation at 650 nm when using an equilibrium dB/100m 2 <30 4.3
mode distribution launch ©

Minimum modal bandwidth at 650 nm MHz ovebr 100 m 10 4.3
Nymerical aperture Unitless 050+ 015 4.3

Table8

Macrobending loss at 650 nm (10 turns around a dB <0,5 43

285 mm radius quarter circle)

The unit of 100 m is used because this is typical of the fibre length actually used. Attenuation.valués expressged

in dB/100 m can be approximately compared to values stated in dB/km by multiplying the dB/#00 m values py
10.

The unit of MHz over 100 m is used because this is typical of the fibre length actually)dsed. Bandwidth values
expressed in MHz over 100 m can be approximately compared to values stated)in MHz-km by dividing the
MHz over 100 m values by 10.

See Annex J.

C.% Environmental requirements

Th

b requirements of 4.4 shall be met.
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Annex D
(normative)

Family specifications for subcategory A4d multimode fibres

D.1 General

The clauses and tables in this Annex D contain particular requirements applicable to
subcategary Add fibres Comman requirements from the main hndy text of this dociuument and

repeated here for ease of reference-from-this-sectional-specification, are noted by an entry in

the] "Reference" column.

Subcategory A4d fibre is a 1 000 um cladding diameter double step-index fibre.

D.2 Dimensional requirements
Table D.1 contains dimensional requirements specific to A4d fibres,

Table D.1 — Dimensional requirements specific'to A4d fibres

Attribute Unit Limit Reference
Cladding diameter gm 1-000 * 60 4.1
Cladding non-circularity % <6 4.1
Core diameter bm See 4.1 4.1
Fibre length km See 4.1 4.1

D.3 Mechanical requirements
Table D.2 contains mechanical requirements specific to A4d fibres.

Table D.2 =~Mechanical requirements specific to A4d fibres

Attribute Unit Limit Reference
Tensile-load at yield peak N = 56 4.2.2
Elongation at yield peak % 24,0 4.2.2

D.4~<{Aransmission requirements

Table D.3 contains transmission requirements specific to A4d fibres.
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Table D.3 — Transmission requirements specific to Add fibres

arpund a 25 mm radius quarter circle)

Attribute Unit Limit Reference
Attenuation at 650 nm when using an dB/100 m @ <40 4.3
overfilled launch
Attenuation at 650 nm using a launch dB/100 m @ <18 4.3
NA =0,3
Minimum modal bandwidth at 650 nm MHz over 100 m ® 100 4.3
using launch NA = 0,3 (RML)
Numerical aperture Unitless 0.30 + 0,05 4.3

Table 8

Macrobending loss at 650 nm (10 turns dB <0,5 4.3

10.

MHz over 100 m values by 10.

The unit of 100 m is used because this is typical of the fibre length actually used. Attenuation.valués expressged
in dB/100 m can be approximately compared to values stated in dB/km by multiplying the dB/#00 m values

by

The unit of MHz over 100 m is used because this is typical of the fibre length actually)dsed. Bandwidth values
expressed in MHz over 100 m can be approximately compared to values stated)in MHz-km by dividing the

D.% Environmental requirements

The¢ requirements of 4.4 shall be met.
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Annex E
(normative)

Family specifications for subcategory Ade multimode fibres

E.1 General

The clauses and tables in this AnnexE contain partlcular requwements appllcable to
X nd

E.2 Dimensional requirements

Table E.1 contains dimensional requirements specific to Ade fibres.

Table E.1 — Dimensional requirements specific to Ade fibres

Attribute Unit Limit Reference
Cladding diameter pgm 750 * 45 4.1
Cladding non-circularity % <6 4.1
Core diameter pm = 500 4.1
Length km See 4.1 4.1

E.3 Mechanical requirements
Table E.2 contains the mechanical requirements specific to Ade fibres.

Table E.2°'— Mechanical requirements specific to Ade fibres

Attribute Unit Limit Reference
Ténsile load at yield peak N > 32 4.2.2
Elongation at yield peak % 24,0 4.2.2
E.4— Transmission requirements

Table E.3 contains transmission requirements specific to A4e fibres.
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Table E.3 — Transmission
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requirements specific to Ade fibres

arpund a 25 mm radius quarter circle)

Attribute Unit Limit Reference

Attenuation coefficient at 650 nm using dB/100 m @ <18 4.3

a launch NA =0,3

Minimum modal bandwidth at 650 nm MHz over 100 m © 200 4.3
using a launch NA = 0,3

Numerical aperture Unitless 0,25 £ 0,07 4.3

Table 8

M#crobending 1oss at 650 nm (10 turns aB 0,5 T3

10.

MHz over 100 m values by 10.

The unit of 100 m is used because this is typical of the fibre length actually used. Attenuation values expressgd
in dB/100 m can be approximately compared to values stated in dB/km by multiplying the dB/100/m values

by

The unit of MHz over 100 m is used because this is typical of the fibre length actually used. Bandwidth values
expressed in MHz over 100 m can be approximately compared to values stated in MHz-kim by dividing the

E.$ Environmental requirements

The requirements of 4.4 shall be met.
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Annex F
(normative)

Family specifications for subcategory A4f multimode fibres

h
Adf_fihres Common reauireaments roanoated heore for eagse of roforance from this sectiongl
t t

fication, | ' the “Ref > colurnn.

TeY:
F.2

Attribute Unit Limit Reference
Cladding-nen-circularity % <4 31
Core-cladding concentricity error g <86 3.1
Core diameter R 200+10 31
Lo lesa Seoat e

Sotibute Lhais Limis Feferenes
Tensiletoad-at yield peak N =7 3.2.2
Tensile-toad-to-induce4-% elongation N =7 3.2.2
Efongaton ot rerdpeak 7o =7 —
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Annex G
(normative)

Family specifications for subcategory Ad4g multimode fibres

G.1 General

The clauses and tables in this Annex G contain particular requirements applicable to
subcategary AAg fibres Common requirements from the main hndy text of this dociiment and

repeated here for ease of reference-from-this-sectional-specification, are noted by an entry in

the] "Reference" column.

Subcategory A4g fibre is a 120/490 um graded-index fibre.

G.2 Dimensional requirements
Table G.1 contains dimensional requirements specific to A4g fibres,

Table G.1 — Dimensional requirements specific'.to A4g fibres

Attribute Unit Limit Reference
Cladding diameter gm 490 + 10 4.1
Cladding non-circularity % <4 4.1
Core-cladding concentricity error um <6 4.1
Core diameter pm 120 £ 10 4.1
Core non-circularity % <6 4.1
Length km See 4.1 4.1

G.3 Mechanical requirements
Table G.2 contains the mechanical requirements specific to A4g fibres.

Table’G.2 — Mechanical requirements specific to Adg fibres

Attribute Unit Limit Reference
Tensile load at yield peak N 27 4.2.2
Tensile load to induce 4 % elongation N 27 4.2.2
Elongation at yield peak % >4 4.2.2

G.4 Transmission requirements

Table G.3 contains transmission requirements specific to A4g fibres.
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Table G.3 — Transmission requirements specific to A4g fibres

Attribute Unit Limit Reference
Attenuation at 650 nm @ dB/100 m f <10 4.3
Attenuation at 850 nm 2 dB/100m f <33 4.3
Attenuation at 1 300 nm 2 dB/100m f <33 4.3
Minimum modal bandwidth at 650 nm ° MHz over 100 m ¢ 800 4.3
Minimum modal bandwidth at 850 nm ® MHz over 100 m © >18804 4.3
Mipimum modal bandwidth at 1 300 nm ® MHz over 100 m © >18804 4.3
Nymerical aperture Unitless 0,190 + 0,015 A3
Table 8

Macrobending loss at 850 nm (10 turns around dB <0,6 4.3
a 5 mm radius quarter circle)®

Zgro dispersion wavelength, 1, nm 1200 < ), = 1650 4.3
Zgro dispersion slope, S, ps/(nm? - km) £70,06 4.3

@ 1 60 mm is a common mandrel diameter when using Method A in IEC 60793-#-40:2001.

b | Measured using the overfilled launch condition in IEC 60793-1-41 for A3 and A4 fibres.

¢ | Measured on 100 m through 500 m length. The method used to s¢ale from the measurement length to the

€ | Measured with a 60 mm diameter mandrel launch.

10.

The specific value shall be agreed by the supplier and the cdstomer.

100 m reference length should be available on request. The unittof MHz over 100 m is used because this|is
typical of the fibre length actually used. Bandwidth values expressed in MHz over 100 m can be approximately
compared to values stated in MHz-km by dividing the MHz over 100 m values by 10.

The unit of 100 m is used because this is typical ofthe fibre length actually used. Attenuation values expressed
in dB/100 m can be approximately compared tolvalues stated in dB/km by multiplying the dB/100 m values py

G.5 Environmental requirements

The¢ requirements of 4.4 shall be met.
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Annex H
(normative)

Family specifications for subcategory A4h multimode fibres

H.1 General

The clauses and tables in this Annex H contain particular requirements applicable to
subcategary A4h fibres Common requirements from the main hndy text of this dociiment and

repeated here for ease of reference-from-this-sectional-specification, are noted by an entry in

the] "Reference" column.

Subcategory A4h fibre is a 62,5/245 ym graded-index fibre.

H.2 Dimensional requirements
Table H.1 contains dimensional requirements specific to A4h fibres,

Table H.1 — Dimensional requirements specific'to A4h fibres

Attribute Unit Limit Reference
Cladding diameter gm 245+ 5 4.1
Cladding non-circularity % <4 4.1
Core-cladding concentricity error um <3 4.1
Core diameter um 62,55 4.1
Core non-circularity % <6 4.1
Length km (see 4.1) 4.1

H.3 Mechanical requirements
Table H.2 contains the mechanical requirements specific to A4h fibres.

Table’H.2 — Mechanical requirements specific to A4h fibres

Attribute Unit Limit Reference
Tensile load at yield peak N 21,75 4.2.1
Tensile load to induce 4 % elongation N 21,75 4.2.1
Elongation at yield peak % >4 4.2.1

H.4 Transmission requirements

Table H.3 contains transmission requirements specific to A4h fibres.
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Table H.3 — Transmission requirements specific to A4h fibres

Attribute Unit Limit Reference
Attenuation at 850 nm @ dB/100 m f <33 4.3
Attenuation at 1 300 nm 2 dB/100 m f <33 4.3
Minimum modal bandwidth at 850 nm ° MHz over 100 m °© >1 8804 4.3
Minimum Modal bandwidth at 1 300 nm ° MHz over 100 m °© >1 8804 4.3
Numerical aperture Unitless 0,190 £ 0,015 4.3
Table, 8

Macrobending loss at 850 nm (10 turns dB <0,25 4.3
arpund a 25 mm radius quarter circle)®

Zgro dispersion wavelength, 1, nm 1200 <2,=< 1650 4.3
Zgro dispersion slope, S, ps/(nm? - km) <0,06 4.3

20 mm is a common mandrel diameter when using Method A in I[EC 60793-1-40:2004.
Measured using the overfilled launch condition in IEC 60793-1-41 for A3 and A4'fibres.

compared to values stated in MHz-km by dividing the MHz over 100,m"*alues by 10.
The specific value shall be agreed by the supplier and the customer.

Measured with a 20 mm diameter mandrel launch.

10.

Measured on 100 m through 500 m length. The method used to scale from the measurement length to the
100 m reference length should be available on request. The unit of MHz@ver 100 m is used because this|is
typical of the fibre length actually used. Bandwidth values expressed in/MHZz’over 100 m can be approximatgly

The unit of 100 m is used because this is typical of the fibfé length actually used. Attenuation values expressed
in dB/100 m can be approximately compared to values\stated in dB/km by multiplying the dB/100 m values py

H.% Environmental requirements

The¢ requirements of 4.4 shall bexmet.
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Annex |
(normative)

Family specifications for subcategory A4i multimode fibres

General

IEC 60793-2-40:2021 RLV © IEC 2021

The clauses and tables in this Annex | contain particular requirements applicable to subcategory

Adj

fibres Common rpquirpmpntq from the main hndy text of this document and rpppnfpd h

ere

for

Su

1.2

Ta

1.3

Ta

1.4

ease of reference, are noted by an entry in the "Reference" column.

bcategory Adi fibre is a 55/490 ym graded-index fibre.

Dimensional requirements

ble 1.1 contains dimensional requirements specific to A4i fibres.

Table I.1 — Dimensional requirements specific.to,A4i fibres

Attribute Unit ldimit Reference
Cladding diameter gm 490 + 5 4.1
Cladding non-circularity % <4 4.1
Core-cladding concentricity error wm <6 4.1
Core diameter Nm 55+ 5 4.1
Core non-circularity % <6 4.1
Length km (see 4.1) 4.1

Mechanical requirements

ble 1.2 contains the mechanical requirements specific to A4i fibres.

Table'f.2 — Mechanical requirements specific to A4i fibres

Attribute Unit Limit Reference
Wensile load at yield peak N 26 4.21
Tensile load to induce 4 % elongation N 26 4.21
Elongation at yield peak % 24 4.21

Transmission requirements

Table 1.3 contains transmission requirements specific to A4i fibres.
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Table 1.3 — Transmission requirements specific to A4i fibres

Attribute Unit Limit Reference
Attenuation at 850 nm 2@ dB/100m f <10 4.3
Minimum modal bandwidth at 850 nm P MHz over 100 m © >3 500 ¢ 4.3
Numerical aperture Unitless 0,24 + 0,025 4.3
Table 8
Macrobending loss at 850 nm (10 turns dB <01 4.3
around a 25 mm radius quarter circle)®
Zgro dispersion wavelength, %, nm 1200 <2,=1650 4&
A\vl
Zdro dispersion slope, So ps/(nm2 - km) < 0,06 '\%3

~

a1 10 mm is a common mandrel diameter when using Method A in IEC 60793-1-40. Q
] Measured using the overfilled launch condition in IEC 60793-1-41 for A3 and A4 fibres. Qfl/

¢ | Measured on 100 m through 500 m length. The method used to scale from the mgasUrement length to the

100 m reference length should be available on request. The unit of MHz over 100 mlis used because this|is
typical of the fibre length actually used. Bandwidth values expressed in MHz ov 0 m can be approximatgly
compared to values stated in MHz-km by dividing the MHz over 100 m value 0.

The specific value shall be agreed by the supplier and the customer. @Q
€| Measured with a 10 mm diameter mandrel launch. C)

The unit of 100 m is used because this is typical of the fibre length \Jally used. Attenuation values expressgd
in dB/100 m can be approximately compared to values stated in km by multiplying the dB/100 m values py

10.
Q\)
S
1.5 Environmental requirements @s\
&
The¢ requirements of 4.4 shall be met. $
N
O

oF
C)\\O

oo$\ |
Q'
Q-.

O
D
&S
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Annex J
(normative)

Mode scramblers for subcategory A4a to-A4d A4c fibres

J.1 General

When measuring the equilibrium mode launch attenuation of subcategory Ada, A4b, and A4c
fibres._use a fignrp 8-shaped made scrambler (Fignrp I1) such as that described in

IEG 60793-1-40:20042019, Figure-A-1-4 A.8.

IEC

Key
1 ibre under test

2 pylinders

Figure J.1 — Mode scrambler for category A4 fibre

J.2 Specification for mode scramblers

The¢ mode scrambler shall be made with buffered A4 fibre of the same subcategory as the fipre
under test. Parameters for the mode scrambler shall be as shown in Table J.1.

Table J.1 — Mode scrambler parameters

. Diameter of Distance between the

. Number of

Fibre Fibre'length cylinders two cylinders "figure-8"
pubcategory t
m mm mm urns

Ada 20 42 3 10
A4b 15 35 3 20
Adc 10 32 2 40
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Annex K
(informative)

Additional transmission requirements for subcategory Ad4a

multimode fibres for wavelengths below 650 nm

K.1 General

wayelengths below 650 nm. PMMA based fibres have the lowest attenuation at wayelengths
ardund 520 nm and 560 nm. The market availability of powerful transceivers based on GaN-
LEDs makes it more and more attractive to use the optical window around 520 nm_for,the desfign
of |mproved transmission systems. The following requirements should be fulfilled in ordef to
supgport the design and use of such systems.
K.2 Transmission requirements
Table K.1 contains additional transmission requirements specificto’A4a.2 fibres.
Table K.1 — Transmission requirements specific to Ada.2 fibre
Attribute Unit Limit Referenceg
Ada.2
Atlenuation at 520 nm when using an dB/100QNm 2@ <10 4.3
equilibrium mode distribution launch®
Minimum modal bandwidth at 520 nm when MBz'over 100 m ® 40 4.3
usfng an equilibrium mode distribution
layinch®
Macrobending loss at 520 nm (10 turns dB <0,5 4.3

ar

bund a 25 mm radius quarter circle)

10.

MHz over 100 m{values by 10.

See Annex Ji

The unit of 100 m is used because this is typical of the fibre length actually used. Attenuation values express|
in dB/100 m can be approximately compared to values stated in dB/km by multiplying the dB/100 m values

The unit of MHz over«100 m is used because this is typical of the fibre length actually used. Bandwidth valu
expressed in MHz (over 100 m can be approximately compared to values stated in MHz - km by dividing f{

ed
by

es
he
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL FIBRES -

Part 2-40: Product specifications —
Sectional specification for category A4 multimode fibres

1)

2)

3)

4)

5)

6)

7)

8)

9)

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardizatign 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 fields, To this end
n addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Repq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Rublication(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(nternational Organizatior]
Standardization (ISO) in accordance with conditions determined by agreement between the two organization

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

EC Publications have the form of recommendations for internationalise and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts are madeito ensure that the technical content of
Publications is accurate, IEC cannot be held responsible fer 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
Any |EC Publication and the corresponding national arregional publication shall be clearly indicated in the la

EC itself does not provide any attestation of conformity. Independent certification bodies provide confor
hssessment 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 fatest 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 the.‘publication, use of, or reliance upon, this IEC Publication or any other
Publications.

ndispensable for the-eorrect 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
Fights. IEC shalltnot™be held responsible for identifying any or all such patent rights.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts End

ing
nal
and
rts,
heir
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S.
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all
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IEC
any

ons
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ter.

ity
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or
nd
IEC

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

ent

IntgrnationakStandard IEC 60793-2-40 has been prepared by subcommittee 86A: Fibres and

cal

Thi

les, of \EC technical committee 86: Fibre optics.

s\fifth edition cancels and replaces the fourth edition published in 2015. This edifjon

constitutes a technical revision.

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

a)
b)
c)

revision of NA range of Ada.2;
addition of a new subcategory A4i;
deletion of the subcategory A4f and of Annex F.
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The text of this International Standard is based on the following documents:

CDV Report on voting
86A/1943/CDV 86A/1981/RVC

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,
be [found on the IEC website.

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

e [reconfirmed,

e |withdrawn,

e |[replaced by a revised edition, or

e |amended.

an

the
to
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OPTICAL FIBRES -

Sectional specification for category A4 multimode fibres

1 Scope
This part of IEC 60793 is applicable to category A4 optical multimode fibres and the relaled
suljcategories Ada, Adb, Adc, A4d, Ade, Ad4g, A4h and A4i. These fibres have a plastic cpre
anﬂi plastic cladding and may have step-index, multi-step index or graded-index jprofiles. The
fibes are used in information transmission equipment and other applications employing simjlar
light transmitting techniques, and in fibre optic cables. Table 1 summarizes some of the salient
chgracteristics and applications of these fibres.
Table 1 — Characteristics and applications of category A4 fibres
Syb-category Ada A4b Adc A4d Ade Ad4f Adg Adh Agi
Ada.1 Ada.2
Cdre diameter a a a a > 500 c 120 62,5 5p
(un)
Cladding d
didmeter (um) 1000 750 500 1000 750 c 490 245 4490
Numerical
apprture Nay 0,50 0,53 0,50 0,50 030 0,25 c 0,190 0,190 0.24
e
Ogerating 650 850
wave-length(s) |  650P 650 650 650 650 c 850 1300 840
(nth) 1300
Aplplications Digital audio Industrial~y|Sensor Digital Digital c Data Data Industrial
interface, automobile, |and audio- audio- trans- trans- data
industrial, sensor and |sensor visual visual mission mission; |trans
data transmission interface |interface primarily |[missipn
and data |and data used in
trans- trans- ribbon
mission mission structures
a8 | Typically 15 pm to 35 #m smaller than the cladding diameter.
b | Other potential wavelengths for Ada fibre are described in Annex K.
¢ | This sub-catégory is outdated and therefore no more specified.
d | Cladding diameters of 490 um and 750 um are also possible.
¢ | Nays;numerical aperture measured by far field pattern method.

In addition to the applications shown in Table 1, other applications for A4 fibres include, but are
not restricted to, the following: support for short reach, high bit-rate systems in telephony,
distribution and local networks, carrying data, voice and/or video services and on-premises
intrabuilding and interbuilding fibre installations, including local area networks (LANs), private
branch exchanges (PBXs), video, various multiplexing uses and miscellaneous related uses,
such as consumer electronics and industrial and mobile networks.

Three types of requirements apply to A4 fibres:

general requirements, as defined in IEC 60793-2;

specific requirements common to category A4 multimode fibres covered in this document
and which are given in Clause 4;
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particular requirements applicable to individual fibre sub-categories and implementations or

specific applications which are defined in this document,

specification annexes.

Normative references

in the normative family

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 any

amendments) applies.

IEQ 60068-1, Environmental testing — Part 1: General and guidance

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

IE(

60793-1-22, Optical fibres — Part 1-22: Measurement

Lemgth measurement

IEQ

IEQ
Ba

IEQ
Ch

1EC
Nu

IEC
Mo

IEC
Ma

IEC

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

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

heat (steady state) tests

IEC

heat (steady state) tests

IEC

60793-1-52, Optical fibres — Part 1-52: Measurement

methods and-'test procedure$

60793-1-40:2019, Optical fibres — Part 1-40: Attenuation measturement methods

methods and test procedure$

methods and test procedure

methods and test procedure$

methods and test procedure$

methods and test procedure$

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

60793-4:571, Optical fibres — Part 1-51: Measurement methods and test procedures —

bre

b —

b —

imp

Dry

methods and test procedure$

Change of temperature tests

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 Specifications

4.1 Dimensional requirements

Relevant dimensional attributes and measurement methods are given in Table 2.
Requirements common to all category A4 fibres are indicated in Table 3.

Additional attributes that shall be specified in the family specifications for subcategories Adg
through A4i are given in Table 4.

Table 2 — Dimensional attributes and measurement methods

Attribute Measurement method
Cladding diameter IEC 60793-1-20 2
Clpdding non-circularity IEC 60793-1-20:4
Cqre diameter ° IEC 60793-1-20
Fibre length IEG60793-1-22
Cqre-cladding concentricity error IEC'60793-1-20
Core non-circularity IEC 60793-1-20

if

Mechanical methods are also applicable to cladding diameter and cladding non-circularity measurementg
they provide the same measurement uncertainty.

Core diameter is specified at 650 nm + 10 nm with a testépecimen length of 2,0 m £ 0,2 m and a thresh
value kcqge Of 2,5 % (IEC 60793-1-20, method B) for A4 fibres.

d

Table 3 — Requirements,c¢ommon to all category A4 fibres

Attribute Unit Limit
Clpdding diameter gm a
Clpdding non-circularity % <6b
Cqre diameter um c
Fibre length km d

@8] The cladding diamétértvaries and is listed in the family specification.

b] Unless otherwise-specified in the family specification.
For Ada, Adb» Adc and A4d fibre, the core diameter is typically 15 pm to 35 ym smaller than the claddihg
diametef. For Ade, A4g, Adh and Adi fibre, the core diameter varies and is listed in the relevant family
specification (in the annexes to this document).

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

Table 4 — Additional attributes required in A4g through A4i family specifications

Attribute

Core non-circularity

Core-cladding concentricity error
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4.2 Mechanical requirements
4.2.1 General

Mechanical attributes, test methods, and requirements for buffered fibres can be found in
IEC 60794-2-41.

Relevant mechanical attributes and test methods are given in Table 5.

Requirements common to all category A4 fibres are indicated in Table 6.

Addlitional attributes that shall be specified in the family specifications for subcategories“A4g
through A4i are given in Table 7.

Table 5 — Mechanical attributes and test methods

Attribute Test method

Tensile performance 4.2.2

Table 6 — Requirements common to category A4 fibres

Attribute Unit Limit
Elongation at yield peak % 24,0
Tensile load at yield peak N a

a8 Tensile load at yield peak\waries and is listed in the

family specification (see annexes to this document).

Table 7 — Additional attributes required in family specification
for subcategory Adg through Ad4i fibres

Attribute

Tensile load to induce 4 % elongation

4.2.2 Tensile load)test
4.2.2.1 Object

The¢ purpose'of this test is to characterize the ability of the fibre to support a load during handlfing.
Its purposeris to obtain values of the fibre's tensile strength.

Th I . litions | i ith IEC. A00AAA.

4.2.2.2 Definition of yield peak

Figure 1 shows a typical load versus elongation curve for a plastic optical fibre. The curve
exhibits an initial monotonic increase in tensile load with applied elongation that goes through
a load peak. The peak is followed by a decrease in load as the sample begins to undergo a
ductile, irreversible elongation. Localized necking and drawing of the sample may accompany
the process. This phenomenon is known as yielding and the peak is termed a yield peak.
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Load (N)

4.2
Thy

Thy
wh
cor
sim
br
fib

4.2

Thé tensile speed shall be 100 mm/mimt 10 %. Yield strength and yield elongation are obtair

fro
the

NO
4.2
Thy

0 -
0 Strain (%)
IEC

Figure 1 — Tensile load versus elongation for a plastic opticalfibre

.2.3 Test apparatus

b tensile strength measuring apparatus shall be a device,fgrrexample a vertical tensile tes

stant motion without jerking the fibre under test./The apparatus shall have the ability
ultaneously measure and record the resulting tensile force or load. To prevent fi
akage, the means used to secure the fibre ends at the clamping points shall not stress
e excessively.

.2.4 Procedure

M the load-elongation curve described in 4.2.2.2. Unless otherwise specified, tensile loag
yield peak and tensile load teinduce 4 % elongation shall be recorded.

'E Elongation to breaking peini:is not applicable to category A4 fibres.
.2.5 Requirements

b requirementscare stated in the family specifications found in Annex A to Annex J. If

e length of the sample between two clamping devices shall be between 100 mm and 200 nim.

er,

ch provides relative motion to the test fibre. The apparatus shall be capable of imparfing

to
bre
the

ed
at

the

fible sample breaks at a clamping point, the test shall be regarded as invalid and another fest

shall be carriedvout. The number of samples tested shall be sufficient to allow for a statist
analysis.
4.3 /Transmission requirements

cal

Relevant transmission attributes and measurement methods are given in Table 8.

Additional attributes required in the family specifications are indicated in Table 9.


https://iecnorm.com/api/?name=b8789592088d87ddc0ba5a4a9821e395

-12 - IEC 60793-2-40:2021 © IEC 2021

Table 8 — Transmission attributes and measurement methods

Attribute Measurement method
Attenuation @ IEC 60793-1-40
Modal bandwidth @ IEC 60793-1-41
Modal bandwidth with RML IEC 60793-1-41
Numerical aperture ¢4 IEC 60793-1-43
Chromatic dispersion IEC 60793-1-42
Macrobending loss IEC 60793-1-47, method B

a8 | When measuring attenuation and modal bandwidth, the appropriate launching conditions should be‘applied

as specified in IEC 60793-1-40 and IEC 60793-1-41 or as stated in the family specification. Bandwidth is ot
necessarily linear with regard to length. The value of bandwidth is referenced to 100 m of fibre,

Numerical aperture is specified at 650 nm £ 10 nm with a test specimen length of 2,0-m 20,2 m and| a
threshold value &y, of 50 % for Ad4a to Adc and A4e fibres.

¢ | Numerical aperture is specified at 650 nm + 10 nm with a test specimen length of 2,0'M + 0,2 m and by the
local minimums and related angles in the farfield intensity pattern for A4d fibres (IEC 60793-1-43,
Technique 4, inverse far-field measurement).

Numerical aperture is specified at 850 nm = 10 nm with a test specimen\length of 6,0 m £ 0,6 m and| a
threshold value &y, of 5 % for Adg to Adi fibres.

Table 9 — Attributes required in family specifications

Attribute

Attenuation

Modal bandwidth

Numerical aperture

Chromatic dispersion

Macrobending-loss

4.j Environmental requirements
1

4, General

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

e |[relevant €nvironmental attributes, test methods and test conditions given in Table 10;

e |measurements of a particular mechanical and transmission attribute that may change durfing
exposure to the environmental test listed in Table 11.
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Table 10 — Environmental exposure tests

Test condition 2 Environment Test method ® Test condition ©
Damp heat IEC 60793-1-50 +75 °C, 85 % RH, 30 days
A Dry heat IEC 60793-1-51 +85 °C, 30 days
Change of temperature IEC 60793-1-52 T,:=40 °C, T5:+85 °C
Damp heat IEC 60793-1-50 +60 °C, 85 % RH, 30 days
B Dry heat IEC 60793-1-51 +70 °C, 30 days
Change of temperature IEC 60793-1-52 T):=20 °C, Tg:+70 °G

a8 | Test condition A or B should be agreed between supplier and customer.

Although these test methods do not specifically mention their applicability to A4 fibres, the test methods sho
be used. The test specimen length shall be agreed between supplier and customer.

¢ | These test conditions supersede any that might be specified in the indicated test methods,

d

Table 11 — Attributes measured

Attribute Measurement'method

Change in optical transmission IEC'60793-1-46

Tensile load 4.2.2

The¢se tests are normally conducted periodically/as type-tests for a fibre design. Unl

(0]

thlerwise specified:

the specimen shall be pre-conditioned.by’keeping it at standard atmospheric conditions
at least 24 h, and

measuring the attributes shall be-as stated in the particular environmental test method.

Enyironmental exposure testing-of subcategory Ada to Ade fibres are usually performed a
thel fibres are buffered (referito IEC 60794-2-41 for environmental requirements on buffe

fi
s

4

T

e

4

bres). Environmental expesure testing of unbuffered fibre is only required when the fibres
olf in unbuffered formy

.4];2 Mechanical environmental requirements
e

sile strength shall be verified according to Table 12 following removal of the fibre from
nyironment but only after cooling down the specimen at standard atmospheric conditions.

Table 12 — Requirement for tensile strength

for

the recovery period allowed between the completion of the environmental exposure and

ter
red
are

the

Environment Elongation at yield peak

Damp heat 24,0%

4.3 Transmission environmental requirements

Change in attenuation from the initial value shall be less than the values in Table 13 and
Table 14. The requirements differ for the two groups of fibres because of their different

a

pplication environments.
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Table 13 — Requirement for change in attenuation for Ad4a through A4e fibre

Environment Attribute Unit Limits

Damp heat Attenuation increase at 650 nm dB/100 m <5

(includes attenuation due to
water absorption)

Dry heat Attenuation increase at 650 nm dB/100 m <2

Change of temperature Attenuation increase at 650 nm dB/100 m <2

Table 14 — Requirement for change in attenuation for Ad4g through A4i fibre

Environment Attribute Unit Limits

Dgmp heat Attenuation increase at 650 nm, dB/100 m <1.0

a
850 nm and/or 1 300 nm (includes|attenuation due tdg

water absorption)

Dny heat Attenuation increase at 650 nm, dB/100 m <0,5
850 nm and/or 1 300 nm

Change of temperature Attenuation increase at 650 nm, dB/100 m <0,5
850 nm and/or 1 300 nm

a | Because the effect of absorbed water can be significant at 1 300 nm,“attenuation increase is specified o
after the sample has recovered for at least 24 h under standard roomMemperature atmospheric conditions.

y
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Family specifications for subcategory A4a multimode fibres

A.1 General

15—

Annex A
(normative)

The clauses and tables in this Annex A contain particular requirements applicable to

subcategary Ada fibres Comman requirements from the main hndy text of this document ¢
repeated here for ease of reference, are noted by an entry in the "Reference" column.

Subcategory A4a fibre is a 1 000 um cladding diameter step-index fibre.

A.2 Dimensional requirements

Table A.1 contains dimensional requirements specific to Ada fibres.

Table A.1 — Dimensional requirements specific. to, Ada fibres

Attribute Unit Limit Reference
Cladding diameter gm 1900 £ 60 4.1
Cladding non-circularity % <6 4.1
Core diameter pm See 4.1 4.1
Table 2
Fibre length km See 4.1 4.1

A.3 Mechanical requirements

Table A.2 contains mechanical\requirements specific to A4a fibres.

Table A.2 —Mechanical requirements specific to Ada fibres

Attribute Unit Limit Reference
Tensile load at yield peak N = 56 4.2.2
Etengation at yield peak % 24,0 4.2.2

A.4 ““Transmission requirements

Table A.3 contains transmission requirements specific to A4a fibres.

nd

Implementation A4a.1 corresponds to subcategory A4a fibre specified in the second edition of
this document, IEC 60793-2-40:2006. Implementation A4a.2 is a higher grade of subcategory
A4a fibre in terms of attenuation and bandwidth, to achieve longer distance transmission than
implementation A4a.1 (see Annex J for information about 520 nm transmission over A4a.2

fibres).
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Table A.3 — Transmission requirements specific to A4a fibres

Attribute Unit Limit Reference
Ada.1 Ada.2
Attenuation at 650 nm when using an dB/100 m @ <40 <40 4.3
overfilled launch
Attenuation at 650 nm when using an dB/100 m @ <30 <18 4.3
equilibrium mode distribution launch ©
Minimum modal bandwidth at 650 nm MHz over 100 m © 10 - 4.3
Minimum modal bandwidth at 650 nm MHz over 100 m © - 40 4.3
using RML
Nymerical aperture Unitless 0,50 + 0,53 + 473
0,15 0,07
Table 8
Macrobending loss at 650 nm (10 turns dB <0,5 <0,5 4.3

arpund a 25 mm radius quarter circle)

The unit of 100 m is used because this is typical of the fibre length actually used. Attenuation values expressgd
in dB/100 m can be approximately compared to values stated in dB/km by multiplying“the dB/100 m values py
10.

The unit of MHz over 100 m is used because this is typical of the fibre length ‘actually used. Bandwidth values
expressed in MHz over 100 m can be approximately compared to values_stated in MHz-km by dividing the
MHz over 100 m values by 10.

¢ | See Annex J.

A.% Environmental requirements

Th

e requirements of 4.4 shall be met.
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Annex B
(normative)

Family specifications for subcategory A4b multimode fibres

B.1 General

The clauses and tables in this Annex B contain partlcular reqwrements applicable to

repeated here for ease of reference are noted by an entry in the "Reference column.

Subcategory A4b fibre is a 750 um cladding diameter step-index fibre.

B.2 Dimensional requirements
Table B.1 contains dimensional requirements specific to A4b fibres.

Table B.1 — Dimensional requirements specific.to, Adb fibres

Attribute Unit Limit Reference
Clpdding diameter gm 750 + 45 4.1
Clpdding non-circularity % <6 4.1
Cqre diameter um See 4.1 4.1
Table 2
Fibre length km See 4.1 4.1

B.3 Mechanical requirements
Table B.2 contains mechanical\requirements specific to A4b fibres.

Table B.2 —Mechanical requirements specific to A4b fibres

Attribute Unit Limit Reference
Tensile load at yield peak N = 32 4.2.2
Etengation at yield peak % 24,0 4.2.2

B.4 ““Transmission requirements

Table B.3 contains transmission requirements specific to A4b fibres.
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Table B.3 — Transmission requirements specific to A4b fibres

Attribute Unit Limit Reference

Attenuation at 650 nm when using an dB/100 m @ <40 4.3
overfilled launch

Attenuation at 650 nm when using an dB/100 m @ <30 4.3
equilibrium mode distribution launch ©

Minimum modal bandwidth at 650 nm MHz over 100 m b 10 4.3
Numerical aperture Unitless 0,50 + 0,15 4.3

Table\8

Macrobending loss at 650 nm (10 turns dB <0,5 4.3

arpund a 25 mm radius quarter circle)

The unit of 100 m is used because this is typical of the fibre length actually used. Attenuation values expressked
in dB/100 m can be approximately compared to values stated in dB/km by multiplying the dBf100 m values py
10.

The unit of MHz over 100 m is used because this is typical of the fibre length actuallyjused. Bandwidth valules
expressed in MHz over 100 m can be approximately compared to values statedyin MHz-km by dividing the
MHz over 100 m values by 10.

¢ | See Annex J.

B.% Environmental requirements

The¢ requirements of 4.4 shall be met.
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Annex C
(normative)

Family specifications for subcategory A4c multimode fibres

C.1 General

The clauses and tables in this Annex C contain particular requirements applicable to
subcateqgory Adc fibres Commaon requirements from the main hndy text of this document and

repeated here for ease of reference, are noted by an entry in the "Reference" column.

Sub-category A4c fibre is a 500 ym cladding diameter step-index fibre.

C.2 Dimensional requirements
Table C.1 contains dimensional requirements specific to A4c fibres.

Table C.1 — Dimensional requirements specific.to, Adc fibres

Ta

3

C.4

}

Attribute Unit Limit Reference
Cladding diameter gm 500 + 30 4.1
Cladding non-circularity % <6 4.1
Core diameter pm See 4.1 4.1
Table 2
Fibre length km See 4.1 4.1

Mechanical requirements

ble C.2 contains mechanicalrequirements specific to A4c fibres.

Table C.2 —Mechanical requirements specific to A4c fibres

Attribute Unit Limit Reference
Tensile load at yield peak N =14 4.2.2
Etengation at yield peak % 24,0 4.2.2

Transmission requirements

Table C.3 contains transmission requirements specific to A4c fibres.
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Table C.3 — Transmission requirements specific to A4c fibres

Attribute Unit Limit Reference

Attenuation at 650 nm when using an overfilled dB/100 m @ <40 4.3
launch

Attenuation at 650 nm when using an equilibrium dB/100m 2 <30 4.3
mode distribution launch ©

Minimum modal bandwidth at 650 nm MHz ovebr 100 m 10 4.3
Nymerical aperture Unitless 050+ 015 4.3

Table8

Macrobending loss at 650 nm (10 turns around a dB <0,5 43

285 mm radius quarter circle)

The unit of 100 m is used because this is typical of the fibre length actually used. Attenuation.valués expressged

in dB/100 m can be approximately compared to values stated in dB/km by multiplying the dB/#00 m values py
10.

The unit of MHz over 100 m is used because this is typical of the fibre length actually)dsed. Bandwidth values
expressed in MHz over 100 m can be approximately compared to values stated)in MHz-km by dividing the
MHz over 100 m values by 10.

See Annex J.

C.% Environmental requirements

Th

b requirements of 4.4 shall be met.
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Annex D
(normative)

Family specifications for subcategory A4d multimode fibres

D.1 General

The clauses and tables in this Annex D contain particular requirements applicable to
subcategary Add fibres Comman requirements from the main hndy text of this document and

repeated here for ease of reference, are noted by an entry in the "Reference" column.

Subcategory A4d fibre is a 1 000 um cladding diameter double step-index fibre.

D.2 Dimensional requirements
Table D.1 contains dimensional requirements specific to A4d fibres.

Table D.1 — Dimensional requirements specific.to, Add fibres

Ta

D.

3

}

Attribute Unit Limit Reference
Cladding diameter gm 14000 * 60 4.1
Cladding non-circularity % <6 4.1
Core diameter um See 4.1 4.1
Fibre length Km See 4.1 4.1

Mechanical requirements

ble D.2 contains mechanical requirements specific to A4d fibres.

Table D.2 —"Mechanical requirements specific to A4d fibres

Attribute Unit Limit Reference
Tensilg.load at yield peak N = 56 4.2.2
Elofgation at yield peak % 24,0 4.2.2

Transmission requirements

Table D.3 contains transmission requirements specific to A4d fibres.
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Table D.3 — Transmission requirements specific to A4d fibres

Attribute Unit Limit Reference
Attenuation at 650 nm when using an dB/100 m @ <40 4.3
overfilled launch
Attenuation at 650 nm using a launch dB/100 m @ <18 4.3
NA =0,3
Minimum modal bandwidth at 650 nm MHz over 100 m ® 100 4.3
using launch NA = 0,3 (RML)
Numerical aperture Unitless 0.30 + 0,05 4.3

Table 8

Macrobending loss at 650 nm (10 turns dB <0,5 4.3

arpund a 25 mm radius quarter circle)

The unit of 100 m is used because this is typical of the fibre length actually used. Attenuation.valués expressged
in dB/100 m can be approximately compared to values stated in dB/km by multiplying the dB/#00 m values py
10.

The unit of MHz over 100 m is used because this is typical of the fibre length actually)dsed. Bandwidth values
expressed in MHz over 100 m can be approximately compared to values stated)in MHz-km by dividing the
MHz over 100 m values by 10.

D.% Environmental requirements

The¢ requirements of 4.4 shall be met.
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Annex E
(normative)

Family specifications for subcategory Ad4e multimode fibres

E.1 General

The clauses and tables in this Annex E contain particular requirements applicable to
subcategary Ade fibres Comman requirements from the main hndy text of this document and

repeated here for ease of reference, are noted by an entry in the "Reference" column.

Subcategory Ade fibre is a 750 ym cladding diameter, either multi-step-index or gnaded-inglex
fibre.

E.2 Dimensional requirements
Table E.1 contains dimensional requirements specific to Ade fibres.

Table E.1 — Dimensional requirements specific'fo Ade fibres

Attribute Unit Limit Reference
Cladding diameter gm 750 * 45 4.1
Cladding non-circularity % <6 4.1
Core diameter um = 500 4.1
Length km See 4.1 4.1

E.3 Mechanical requirements
Table E.2 contains the mechanjcal requirements specific to Ade fibres.

Table E.2 ~Mechanical requirements specific to Ade fibres

Attribute Unit Limit Reference
Tensile-load at yield peak N = 32 4.2.2
Elongation at yield peak % 24,0 4.2.2

E.4~<Aransmission requirements

Table E.3 contains transmission requirements specific to A4de fibres.
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Table E.3 — Transmission requirements specific to Ade fibres

Attribute Unit Limit Reference

Attenuation coefficient at 650 nm using dB/100 m @ <18 4.3

a launch NA =0,3

Minimum modal bandwidth at 650 nm MHz over 100 m © 200 4.3
using a launch NA = 0,3

Numerical aperture Unitless 0,25 £ 0,07 4.3

Table 8

M#crobending 1oss at 650 nm (10 turns aB 0,5 T3

arpund a 25 mm radius quarter circle)

The unit of 100 m is used because this is typical of the fibre length actually used. Attenuation values expressgd
in dB/100 m can be approximately compared to values stated in dB/km by multiplying the dB/100/m values py
10.

The unit of MHz over 100 m is used because this is typical of the fibre length actually used. Bandwidth values
expressed in MHz over 100 m can be approximately compared to values stated in MHz-kim by dividing the
MHz over 100 m values by 10.

E.$ Environmental requirements

The requirements of 4.4 shall be met.
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Annex F
(normative)

Family specifications for subcategory A4f multimode fibres

This annex has been removed.
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Annex G
(normative)

Family specifications for subcategory A4g multimode fibres

G.1 General

The clauses and tables in this Annex G contain particular requirements applicable to
subcategary AAg fibres Common requirements from the main hndy text of this document and

repeated here for ease of reference, are noted by an entry in the "Reference" column.

Subcategory A4g fibre is a 120/490 ym graded-index fibre.

G.2 Dimensional requirements
Table G.1 contains dimensional requirements specific to A4g fibres.

Table G.1 — Dimensional requirements specific. to, A4g fibres

Attribute Unit Eimit Reference
Cladding diameter gm 490 + 10 4.1
Cladding non-circularity % <4 4.1
Core-cladding concentricity error pm <6 4.1
Core diameter um 120 £ 10 4.1
Core non-circularity % <6 4.1
Length km See 4.1 4.1

G.3 Mechanical requirements
Table G.2 contains the mechanical requirements specific to A4g fibres.

Table.G.2 — Mechanical requirements specific to Adg fibres

Attribute Unit Limit Reference
ensile load at yield peak N 27 4.2.2
Tensile load to induce 4 % elongation N 27 4.2.2
Elongation at yield peak % 24 4.2.2

G.4 Transmission requirements

Table G.3 contains transmission requirements specific to A4g fibres.
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Table G.3 — Transmission requirements specific to A4g fibres

Attribute Unit Limit Reference
Attenuation at 650 nm @ dB/100 m f <10 4.3
Attenuation at 850 nm 2 dB/100m f <33 4.3
Attenuation at 1 300 nm 2 dB/100m f <33 4.3
Minimum modal bandwidth at 650 nm ° MHz over 100 m ¢ 800 4.3
Minimum modal bandwidth at 850 nm ® MHz over 100 m © >18804 4.3
Mipimum modal bandwidth at 1 300 nm ® MHz over 100 m © >18804 4.3
Nymerical aperture Unitless 0,190 + 0,015 A3
Table 8

Macrobending loss at 850 nm (10 turns around dB <0,6 4.3
a 5 mm radius quarter circle)®

Zgro dispersion wavelength, 1, nm 1200 < ), = 1650 4.3
Zgro dispersion slope, S, ps/(nm? - km) £70,06 4.3

a8 | 60 mm is a common mandrel diameter when using Method A in IEC 60793-4-40.

b | Measured using the overfilled launch condition in IEC 60793-1-41 for A3 and A4 fibres.

¢ | Measured on 100 m through 500 m length. The method used to s¢ale from the measurement length to the

€ | Measured with a 60 mm diameter mandrel launch.

10.

The specific value shall be agreed by the supplier and the cdstomer.

100 m reference length should be available on request. The unittof MHz over 100 m is used because this|is
typical of the fibre length actually used. Bandwidth values expressed in MHz over 100 m can be approximategly
compared to values stated in MHz-km by dividing the MHz over 100 m values by 10.

The unit of 100 m is used because this is typical ofthe fibre length actually used. Attenuation values expressed
in dB/100 m can be approximately compared tolvalues stated in dB/km by multiplying the dB/100 m values py

G.5 Environmental requirements

The¢ requirements of 4.4 shall be met.
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Annex H
(normative)

Family specifications for subcategory A4h multimode fibres

H.1 General

The clauses and tables in this Annex H contain particular requirements applicable to
subcategary A4h fibres Comman requirements from the main hndy text of this document and

repeated here for ease of reference, are noted by an entry in the "Reference" column.

Subcategory A4h fibre is a 62,5/245 ym graded-index fibre.

H.2 Dimensional requirements
Table H.1 contains dimensional requirements specific to A4h fibres.

Table H.1 — Dimensional requirements specific.to, Adh fibres

Attribute Unit Lsimit Reference
Cladding diameter gm 245+ 5 4.1
Cladding non-circularity % <4 4.1
Core-cladding concentricity error ym <3 4.1
Core diameter um 62,55 4.1
Core non-circularity % <6 4.1
Length km (see 4.1) 4.1

H.3 Mechanical requirements
Table H.2 contains the mecChanical requirements specific to A4h fibres.

Table H.2 — Mechanical requirements specific to A4h fibres

Attribute Unit Limit Reference
ensile load at yield peak N 21,75 4.2.1
Tensile load to induce 4 % elongation N 21,75 4.2.1
Elongation at yield peak % 24 4.2.1

H.4 Transmission requirements

Table H.3 contains transmission requirements specific to A4h fibres.
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Table H.3 — Transmission requirements specific to A4h fibres

Attribute Unit Limit Reference
Attenuation at 850 nm @ dB/100 m f <33 4.3
Attenuation at 1 300 nm 2 dB/100 m f <33 4.3
Minimum modal bandwidth at 850 nm ° MHz over 100 m °© >1 8804 4.3
Minimum Modal bandwidth at 1 300 nm ° MHz over 100 m °© >1 8804 4.3
Numerical aperture Unitless 0,190 £ 0,015 4.3
Table, 8

Macrobending loss at 850 nm (10 turns dB <0,25 4.3
arpund a 25 mm radius quarter circle)®

Zgro dispersion wavelength, 1, nm 1200 <2,=< 1650 4.3
Zgro dispersion slope, S, ps/(nm? - km) <0,06 4.3

20 mm is a common mandrel diameter when using Method A in IEC 60793-1-40.

Measured using the overfilled launch condition in IEC 60793-1-41 for A3 and A4'fibres.

compared to values stated in MHz-km by dividing the MHz over 100,m"*alues by 10.
The specific value shall be agreed by the supplier and the customer.

Measured with a 20 mm diameter mandrel launch.

10.

Measured on 100 m through 500 m length. The method used to scale from the measurement length to the
100 m reference length should be available on request. The unit of MHz@ver 100 m is used because this|is
typical of the fibre length actually used. Bandwidth values expressed in/MHZz’over 100 m can be approximatgly

The unit of 100 m is used because this is typical of the fibfé length actually used. Attenuation values expressed
in dB/100 m can be approximately compared to values\stated in dB/km by multiplying the dB/100 m values py

H.% Environmental requirements

The¢ requirements of 4.4 shall bexmet.
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Annex |
(normative)

Family specifications for subcategory A4i multimode fibres

1.1 General

The clauses and tables in this Annex | contain particular requirements applicable to subcategory
Adifibres Commaon rpquirpmpntq from the main hndy text of this document and rpppnfpd here

for|ease of reference, are noted by an entry in the "Reference" column.

Subcategory A4i fibre is a 55/490 um graded-index fibre.

1.2 Dimensional requirements
Table 1.1 contains dimensional requirements specific to A4i fibres.

Table 1.1 — Dimensional requirements specific_to,A4i fibres

Attribute Unit Lsimit Reference
Cladding diameter gm 490+ 5 4.1
Cladding non-circularity % <4 4.1
Core-cladding concentricity error ym <6 4.1
Core diameter um 55+5 4.1
Core non-circularity % <6 4.1
Length km (see 4.1) 4.1

1.3 Mechanical requirements
Table 1.2 contains the mechanical requirements specific to A4i fibres.

Tablel.2 — Mechanical requirements specific to Adi fibres

Attribute Unit Limit Reference
ensile load at yield peak N 26 4.21
Tensile load to induce 4 % elongation N 26 4.21
Elongation at yield peak % 24 4.2.1

1.4 Transmission requirements

Table 1.3 contains transmission requirements specific to A4i fibres.
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Table 1.3 — Transmission requirements specific to A4i fibres

Attribute Unit Limit Reference
Attenuation at 850 nm @ dB/100 m f <10 4.3
Minimum modal bandwidth at 850 nm MHz over 100 m °© > 35009 4.3
Numerical aperture Unitless 0,24 + 0,025 4.3
Table 8

Macrobending loss at 850 nm (10 turns dB <01 4.3
around a 25 mm radius guarter circle)®

Zgro dispersion wavelength, 1, nm 1200 <x,=< 1650 4:3
Zgro dispersion slope, So ps/(nm2 - km) < 0,06 4.3

¢ | Measured with a 10 mm diameter mandrel launch.

10.

The specific value shall be agreed by the supplier and the customer.

a1 10 mm is a common mandrel diameter when using Method A in IEC 60793-1-40.

b | Measured using the overfilled launch condition in IEC 60793-1-41 for A3 and A4 fibres.

¢ | Measured on 100 m through 500 m length. The method used to scale from the measdrement length to the
100 m reference length should be available on request. The unit of MHz over 100 m.is used because this|is
typical of the fibre length actually used. Bandwidth values expressed in MHz over 100 m can be approximatgly
compared to values stated in MHz-km by dividing the MHz over 100 m values/by.10.

The unit of 100 m is used because this is typical of the fibre lengthfactually used. Attenuation values expressed
in dB/100 m can be approximately compared to values stated indB/km by multiplying the dB/100 m values py

1.5 Environmental requirements

The requirements of 4.4 shall be met.
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Annex J
(normative)

Mode scramblers for subcategory Ada to A4c fibres

J.1 General

When measuring the equilibrium mode launch attenuation of subcategory Ad4a, A4b, and A4c
fibres._use a fignrp 8-shaped made scrambler (Fignrp I1) such as that described in

IEG 60793-1-40:2019, Figure A.8.

IEC

Key
1 ibre under test

2 pylinders

Figure J.1 — Mode scrambler for category A4 fibre

J.2 Specification for mode scramblers

The¢ mode scrambler shall be made with buffered A4 fibre of the same subcategory as the fipre
under test. Parameters for the mode scrambler shall be as shown in Table J.1.

Table J.1 — Mode scrambler parameters

. Diameter of Distance between the

. Number of

Fibre Fibre'length cylinders two cylinders "figure-8"
pubcategory t
m mm mm urns

Ada 20 42 3 10
A4b 15 35 3 20
Adc 10 32 2 40
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Annex K

(informative)

Additional transmission requirements for subcategory A4a

multimode fibres for wavelengths below 650 nm

K.1 General

arg
LE

und 520 nm and 560 nm. The market availability of powerful transceivers based on G

velengths below 650 nm. PMMA based fibres have the lowest attenuation at waveleng}hs
Ds makes it more and more attractive to use the optical window around 520 nm.for,the de

ign

of |mproved transmission systems. The following requirements should be fulfilled in ordef to
supgport the design and use of such systems.
K.2 Transmission requirements
Table K.1 contains additional transmission requirements specifict0"A4a.2 fibres.
Table K.1 — Transmission requirements specific to Ada.2 fibre
Attribute Unit Limit Referenceg
Ada.2
Atlenuation at 520 nm when using an dB/100QNm 2@ <10 4.3
equilibrium mode distribution launch®
Minimum modal bandwidth at 520 nm when MBz'over 100 m ® 40 4.3
usfng an equilibrium mode distribution
layinch®
Macrobending loss at 520 nm (10 turns dB <0,5 4.3
arpund a 25 mm radius quarter circle)
a1 The unit of 100 m is used because this is typical of the fibre length actually used. Attenuation values expressed
in dB/100 m can be approximately compared to values stated in dB/km by multiplying the dB/100 m values py
10.
b1 The unit of MHz over«1Q0 m is used because this is typical of the fibre length actually used. Bandwidth valules
expressed in MHz (over 100 m can be approximately compared to values stated in MHz - km by dividing the
MHz over 100 m{values by 10.
¢ | See Annex.J:
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

FIBRES OPTIQUES -

Partie 2-40: Spécifications de produits —

Spécification intermédiaire pour les fibres multimodales de catégorie A4

1

2)

3)

4)

5)

6)
7)

8)

9)

AVANT-PROPOS

He I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’IEG~a pour obje
avoriser la coopération internationale pour toutes les questions de normalisation dansiles domaines
‘électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des Nerme$§ internationg
Hes Spécifications techniques, des Rapports techniques, des Spécifications accessiblesiau’public (PAS) et
(Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a-des comités d'études,
ravaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisat
nternationales, gouvernementales et non gouvernementales, en liaison avec I'}EC) participent également
ravaux. L’IEC collabore étroitement avec I'Organisation Internationale de/Normalisation (ISO), selon
Conditions fixées par accord entre les deux organisations.

| es décisions ou accords officiels de I'|EC concernant les questions techniqueés représentent, dans la mesurg
bossible, un accord international sur les sujets étudiés, étant donné qug’les-Comités nationaux de I'lEC intéred
sont représentés dans chaque comité d’études.

| es Publications de 'lEC se présentent sous la forme de recommandations internationales et sont agrg
comme telles par les Comités nationaux de I'lEC. Tous les €fforts raisonnables sont entrepris afin que I
5'assure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsablg
'‘éventuelle mauvaise utilisation ou interprétation qui en €st faite par un quelconque utilisateur final.

Dans le but d'encourager I'uniformité internationale, |les\Comités nationaux de I'l[EC s'engagent, dans tout|
mesure possible, a appliquer de fagon transparente les’Publications de I'lEC dans leurs publications nation
bt régionales. Toutes divergences entre toutes (Publications de I'lEC et toutes publications nationales
Fégionales correspondantes doivent étre indiquées‘en termes clairs dans ces derniéres.

| 'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépend

conformité de I'IEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certifica
ndépendants.

Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité ne dojt'étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatai

compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de I'l
pour tout préjudice causé _en cas de dommages corporels et matériels, ou de tout autre dommage de quel
hature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les déper]
Hécoulant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de Il
bu au crédit qui luiest accordé.

| 'attention estattirée sur les références normatives citées dans cette publication. L'utilisation de publicat
Féférencées €st obligatoire pour une application correcte de la présente publication.

| 'attention €st attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire I'g
He droits de brevet. L’'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits
brevets et de ne pas avoir signalé leur existence.

| a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation compTée
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La Norme internationale IEC 60793-2-40 a été établie par le sous-comité 86A: Fibres et cables,
du comité d’études 86 de I'lEC: Fibres optiques.

Cette cinquiéme édition annule et remplace la quatriéeme édition parue en 2015 dont elle
constitue une révision technique.

La présente édition inclut les modifications techniques majeures suivantes par rapport a
I'édition précédente:

a) révision de la plage d'ouvertures numériques des fibres A4a.2;

b) ajout d'une nouvelle sous-catégorie A4i;

c) suppression de la sous-catégorie A4f et de I'Annexe F.
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Le texte de cette Norme internationale est issu des documents suivants:

CDV Rapport de vote
86A/1943/CDV 86A/1981/RVC

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 rédigeé 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'l[EC sous "http://webstore.iec.ch” dans les donné€s relatives|au
dogument recherché. A cette date, le document sera
e |reconduit,

e |supprimé,

e [remplacé par une édition révisée, ou

e |amendé.
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41 -

FIBRES OPTIQUES -

Partie 2-40: Spécifications de produits —
Spécification intermédiaire pour les fibres multimodales de catégorie A4

Domaine d'application

La jprésente partie de I'lEC 60793 s'applique a la catégorie de fibres optiques multimodales|A4
ses sous-catégories Ada, A4b, Adc, A4d, Ade, A4g, Adh et A4di. Ces fibres possédent|/un
ur et une gaine en plastique et elles peuvent avoir des profils de type en sautd'indice,|en

et
c
sal
des
sini
Ta

Tableau 1 — Caractéristiques et applications des fibres'\de catégorie A4

ts multiples d'indice ou en gradient d'indice. Les fibres sont utilisées dans le§ équipemelnts
tinés a la transmission de l'information et dans d'autres applications utilisant des techniqlies
ilaires de transmission du rayonnement lumineux, et dans des cables’ fibroniques.|Le
pleau 1 résume certaines des caractéristiques et applications principales de ces fibres.

Sous- Ada Adb Adc Add Ade A4f Adg Adh Adli
catégorie
Ada.1 Ada.2

Digmetre du a a a a > 500 c 120 62,5 55

cogur (um) ’

Digmetre dela | 4 5 750 500 1.000 750 c 490 2454 49

galne (Um)

Oyverture

numériaue Nagr 4 5o 0,53 0,50 0,50 0,30 0,25 c 0,190 | 0,190 0,24

e

Lopgueur(s) 650

d'qnde de 650° 650 650 650 650 o 850 850 85

forjctionnement 1300 1300

(nn)

Aplplications Interface Industrie [Capteur |Interface |Interface c Trans- Trans- Trans-
audionumérique, et capteur audio- audio- mission mission mission de
automobile, visuelle visuelle de de donnéds
industrie, capteur et numérique |numérique données |[données; |industr|elles
transmission.de et trans- |et trans- essenti-
données mission mission ellement

de de dans les
données |données structures
en rubans

Typiquement de 15 pm a 35 uym plus petit que le diamétre de la gaine.

Cette sous-catégorie n'étant pas a jour, elle n'est plus spécifiée.

Les attres longueurs d'onde possibles pour la fibre Ad4a sont décrites dans I'Annexe K.

Des diameétres de gaine de 490 um et 750 ym sont également possibles.

Nay; est I'ouverture numérique mesurée par la méthode du diagramme en champ lointain.

En plus des applications indiquées dans le Tableau 1, les fibres A4 sont utilisées dans d'autres
applications, entre autres et sans caractére exhaustif: les supports pour des systémes
faiblement étendus de réseaux téléphoniques a haut débit, les réseaux de distribution et les
réseaux locaux transportant des données, des services de communication vocale et/ou vidéo,
les installations de fibres a l'intérieur de batiments et entre batiments, y compris les réseaux
locaux (LAN: /ocal area network), les commutateurs téléphoniques d'abonné (PBX: private
branch exchanges), la vidéo et différentes utilisations de multiplexage, ainsi que diverses
autres utilisations liées, comme I'électronique grand public et les réseaux industriels et mobiles.
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Trois types d’exigences s'appliquent aux fibres A4:

2

Leg
de

I’éq
réf

IEQ

IEQ
Gé

IEQ
Me

IEQ
I’af

IEQ

les exigences générales qui sont définies dans I'|EC 60793-2;

des exigences spécifiques communes aux fibres multimodales de catégorie A4 couvertes

par le présent document et qui sont données a I'Article 4;

des exigences particulieres applicables & des sous-catégories et & des mises en ceuvre
particulieres de fibres ou a des applications spécifiques, qui sont définies dans le présent
document, dans les spécifications de famille normatives figurant en annexe.

Réfé "

erence s'applique (y compris les éventuels amendements).

pmétrie de la fibre

60793-1-22, Fibres optiques — Partie 1-22: Méthodes ‘dé
sure de la longueur
60793-1-40:2019, Fibres optiques - Partie' 1-40:

faiblissement

60793-1-41, Fibres optiques — Partie_144/1: Méthodes de

Lafgeur de bande

IEQ
Dis

IEQ
Me

IEQ
Co

IE(
Pe

60793-1-42, Fibres optiques —-Rartie 1-42: Méthodes de
persion chromatique

60793-1-43, Fibres optiques — Partie 1-43: Méthodes de
sure de l'ouverture numétrique

60793-1-46, Eibres optiques — Partie 1-46: Méthodes de
htréle des variations du facteur de transmission optique

60793147, Fibres optiques — Partie 1-47: Méthodes de
tes parsmacrocourbures

IE(

60793-1-50, Fibres optigues — Partie 1-50: Méthodes de

documents suivants sont cités dans le texte de sorte qu’ils constituent, pour tout{oupa
leur contenu, des exigences du présent document. Pour les références datées, seule
ition citée s’applique. Pour les références non datées, la derniére édition du~decument

60068-1, Essais d'environnement — Partie 1: Généralités et lignes directrices

60793-1-20, Fibres optiques — Partie 1-20: Méthodes de mesuke et procédures d’essa

mesure

Méthodes de mesurage

mesure

mesure

mesure

mesure

mesure

mesure

et procédures d’essa

et procédures d'essa

et procédures d’essd

et procédures d’essd

et procédures d’essa

et procédures d’essa

(tie

de

de

et procédures d’ess3

Essais de chaleur humide (état continu)

IEC 60793-1-51, Fibres optiques — Partie 1-51: Méthodes de
Essais de chaleur seche (état continu)

IEC 60793-1-52, Fibres optiques — Partie 1-52: Méthodes de
Essais de variations de température

3

Termes et définitions

Aucun terme n'est défini dans le présent document.

mesure

mesure

et procédures d’essai —

et procédures d’essai —


https://iecnorm.com/api/?name=b8789592088d87ddc0ba5a4a9821e395

IEC 60793-2-40:2021 © IEC 2021

— 43—

L'ISO et I'lEC tiennent & jour des bases de données terminologiques destinées a étre utilisées

en normalisation, consultables aux adresses suivantes:
e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/
e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp
4 Spécifications
4.1 Exigences dimensionnelles
Leg attributs dimensionnels et les méthodes de mesure applicables sont donnés dang le
Tableau 2.
Leg exigences communes a toutes les fibres de catégorie A4 sont données dans.le Tableay 3.
Des attributs supplémentaires qui doivent étre indiqués dans les spécifications 'de famille ppur
les|sous-catégories A4g a A4i sont donnés dans le Tableau 4.
Tableau 2 — Attributs dimensionnels et méthodes'de mesure
Attribut Méthode de mesure
Dipmétre de la gaine IEC 60793-1-20 @
Ngn-circularité de la gaine IEC 60793-1-20 @
Dipmétre du coeur ? IEC 60793-1-20
Longueur de fibre IEC 60793-1-22
Erfeur de concentricité entre le cceur et la gaine IEC 60793-1-20
Neon-circularité du coeur IEC 60793-1-20
a8 | Les méthodes mécaniques sont aussi applicables aux mesurages du diamétre de la gaine et de la ngn-
circularité de la gaine si elles offrent la m@me incertitude de mesure.
b1 Le diamétre du cceur est spécifié & 650 nm £ 10 nm avec une longueur du spécimen d’essai de 2,0 m £ 0,2|m
et une valeur de seuil k;oze de 2,5 % (IEC 60793-1-20, méthode B) pour les fibres A4.
Tableau 3 —«Exigences communes a toutes les fibres de catégorie A4
Attribut Unité Limite
Dipmeétre de la gaine gm a
Ngn-circularité'de la gaine % <6b
Dipmétre 'du coeur um c
Landuéur de fibre km d

Le diameétre de la gaine varie et il est indiqué dans la spécification de famille.
Sauf indication contraire dans la spécification de famille.

Pour les fibres Ad4a, A4b, Adc et A4d, le diameétre du cceur est normalement de 15 um a 35 pm inférieur au
diameétre de la gaine. Pour les fibres Ade, A4g, A4h et A4i, le diametre du cceur varie et il est indiqué dans la
spécification de famille applicable (dans les annexes du présent document).

Les exigences de longueur sont variables et il convient qu'elles fassent I'objet d'un accord entre le fournisseur
et le client.
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Tableau 4 — Attributs supplémentaires exigés dans les spécifications de famille Ad4g a

Adi

Attribut

Non-circularité du coeur

Erreur de concentricité entre le coeur et la gaine

4.2 Exigences mécaniques

4.2.1 Généralités

Leg attributs mécaniques, les méthodes d'essai et les exigences pour les fibres sous

revietement protecteur peuvent étre consultés dans I'lEC 60794-2-41.

Les attributs mécaniques et les méthodes d'essai applicables sont donnés dans’le Tableau

5.

Leg exigences communes a toutes les fibres de catégorie A4 sont données dans le Tableay 6.

Des attributs supplémentaires qui doivent étre indiqués dans les_spgcifications de famille ppur

les|sous-catégories A4g a A4i sont donnés dans le Tableau 7,

Tableau 5 — Attributs mécaniques et méthodes d'essai

Attribut Méthode d’essa

Performance a la traction 4.2.2

Tableau 6 — Exigences communes aux fibres de catégorie A4

Attribut Unité Limite
Allongements3a la limite d’élasticité % 24,0
Charge de traction a la limite d'élasticité N a

a

présent document).

La chiarge de traction a la limite d'élasticité varie et elle est
indiquée dans la spécification de famille (voir les annexes du

fibres des sous-catégories Ad4g a A4i

Tableau 7 — Attributs supplémentaires exigés dans la spécification de famille pour I¢s

Attribut

Charge de traction pour induire un allongement de 4 %

4.2.2 Essai de la charge de traction

4.221  Objet

L'objet de cet essai est de caractériser I'aptitude de la fibre a supporter une charge au cours
des manipulations. Il est destiné a obtenir les valeurs de la résistance a la traction de la fibre.

L'essai doit étre réalisé dans les conditions d'essai normalisées conformément a I'l|EC 60068-1.
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4.2.2.2 Définition de la limite d'élasticité

La Figure 1 présente une courbe typique d'allongement en fonction de la charge pour une fibre
optique plastique. La courbe présente une augmentation initiale réguliére de I'allongement en
fonction de la charge de traction appliquée, puis elle atteint une valeur de pointe. La valeur de
pointe est suivie d'une diminution de charge lorsque I'échantillon commence a subir un
allongement ductile irréversible. Une striction et un étirage localisés de I'échantillon peuvent
accompagner le processus. Ce phénoméne est connu sous le terme d'élasticité et la valeur de
pointe est désignée comme limite d'élasticité.

=
o
>
§ / T
//
0 -
0 Allongement (%)

IEC

Figure 1 — Allongement endonction de la charge
de traction pour une fibre optique plastique

4.2.2.3 Appareillage d’essai

La|longueur de l'échantillon entre deux dispositifs d’accrochage doit étre comprise ertre
100 mm et 200 mm.

L'appareillage de mesure de lalrésistance a la traction doit étre un dispositif, par exemple dne
machine de traction verticale,“assurant un déplacement relatif de la fibre soumise a I'essai.
L'appareillage doit pouvoirexercer sur la fibre soumise a I’essai un mouvement constant, sans
seqousse. L'appareillage doit étre capable de mesurer et d'enregistrer simultanément la fofce
ou [la charge de traction obtenue. Pour éviter la rupture de la fibre, les dispositifs utilisés ppur
fixgr les extrémités des fibres au niveau des points d'accrochage ne doivent pas exercer yne
contrainte excessive sur la fibre.

4.2.2.4 Procédure

La| vitesse de traction doit étre de 100 mm/min 10% La charge et l'allongement

décrite en 4.2.2.2. Sauf speC|f|cat|on contraire, la charge de tract|on a la limite d'élasticité et la
charge de traction induisant un allongement de 4 % doivent étre enregistrées.

NOTE L’allongement jusqu’au point de rupture n’est pas applicable aux fibres de catégorie A4.
4.2.2.5 Exigences

Les exigences sont indiquées dans les spécifications de famille figurant dans les Annexes A a
J. Si I'échantillon de fibre se rompt au point d’accrochage, I'essai doit étre considéré comme
non valable et un autre essai doit étre réalisé. Le nombre d'échantillons soumis a I'essai doit
étre suffisant pour permettre une analyse statistique.
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4.3 Exigences de transmission

Les attributs de transmission et les méthodes de mesure applicables sont donnés dans le
Tableau 8.

Les attributs supplémentaires exigés dans les spécifications de famille sont indiqués dans le
Tableau 9.

Tableau 8 — Attributs de transmission et méthodes de mesure

Attribut Methode de mesure

Affaiblissement @ IEC 60793-1-40
Largeur de bande modale @ IEC 60793-1-41
Lafgeur de bande modale avec injection en mode restreint IEC 60793-1-41

(RML, Restricted Mode Launch)

Oyverture numérique ©:¢4 IEC 60793-1-43
Digpersion chromatique IEC 60793-1-42
Pdrtes par macrocourbures IEC 60793-1-47, méthode B

@ | Pour mesurer l'affaiblissement et la largeur de bande modale, il convient d7appliquer les conditions d'injectipn
appropriées comme cela est spécifié dans I'lEC 60793-1-40 et dans I'|EC 60793-1-41, ou comme indiqué dans
la spécification de famille. La largeur de bande n'est pas nécessairement linéaire par rapport a la longuepr.
La valeur de la largeur de bande est donnée avec pour référence unevongueur de fibre de 100 m.

L'ouverture numérique est spécifiée a 650 nm £ 10 nm avec) une longueur du spécimen d’essai fe
2,0 m £ 0,2 m et une valeur de seuil k, de 50 % pour les fibrés Ada a Adc et Ade.

L'ouverture numérique est spécifiece a 650 nm = 10 hin avec une longueur du spécimen d’essai de
2,0 m £ 0,2 m et par le diagramme d'intensité en champ~lointain des minimums locaux et des angles liés pqur
les fibres A4d (IEC 60793-1-43, Technique 4: mesure-en champ lointain inverse).

L'ouverture numérique est spécifiee a 850 nm _£™10'nm avec une longueur du spécimen d’essai de 6,0 m £ (,6
m et une valeur de seuil ky, de 5 % pour lesfibres Adg a A4i.

Tableau 9 — Attributs exigés dans les spécifications de famille

Attribut

Affaiblissement

Largeur de bande modale

Ouverture numérique

Dispersion chromatique

Pertes par macrocourbures

4. 4—Exigences-environnementates
4.41 Généralités

Les essais d’exposition a I'environnement et les méthodes de mesure correspondantes sont
documentés sous deux formes:

e attributs d'environnement, méthodes d'essai et conditions d'essai applicables, donnés dans
le Tableau 10;

e mesurages d'un attribut mécanique et d'un attribut de transmission spécifiques, pouvant
varier au cours de l'exposition a I'essai d'environnement, énumérés dans le Tableau 11.
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Tableau 10 — Essais d’exposition a I’environnement

Conditions d’essai 2 Environnement Méthode d’essai ® Condition d’essai °©
Chaleur humide IEC 60793-1-50 +75 °C, HR 85 %, 30 jours
A Chaleur séche IEC 60793-1-51 +85 °C, 30 jours
Variations de température IEC 60793-1-52 T,:=40 °C, T5:+85 °C
Chaleur humide IEC 60793-1-50 +60 °C, HR 85 %, 30 jours
B Chaleur séche IEC 60793-1-51 +70 °C, 30 jours
Variations de temperature IEC 60793-1-52 T):=20 °C, Tg:+70 C

Il convient que la condition d'essai A ou B fasse I'objet d'un accord entre le fournisseur et le client.

Bien que ces méthodes d'essai ne mentionnent pas de maniére spécifique leur applicabilité aux\fibres A4
convient de les utiliser. La longueur de du spécimen d’essai doit faire I'objet d'un accord entre-le fournisseu
le client.

Ces conditions d'essai remplacent toute condition qui pourrait avoir été spécifiée dans, les méthodes d'eq
indiquées.

Ll
I et

sai

Ce
cofl

Tableau 11 — Attributs mesurés

Attribut Méthode de mesure
Variations du facteur de transmission IEC 60793-1-46
optique
Charge de traction 4.2.2

5 essais sont normalement effectués de maniere périodiqgue comme essais de type pour dne

ception de fibre donnée. Sauf spécification contraire:

le spécimen doit étre pré conditionfé’en le maintenant dans des conditions atmosphériqlies

normalisées pendant au moins 24 h, et

la période de rétablissement autorisée entre la fin de I'exposition a I'environnement e
réalisation des mesures. des attributs doit étre celle spécifiée dans la méthode d'es
d'environnement spécifique.

5sai d'exposition «<a™I'environnement des fibres des sous-catégories Ada a Ade

pr
exi

4,
La

éralement réalisé "aprés avoir recouvert les fibres d'un revétement protecteur (
C 60794-2-41 '‘pour les exigences d'environnement relatives aux fibres avec revétem
tecteur). L'essai d'exposition a I'environnement des fibres sans revétement protecteur n
é que lorsque ces fibres sont vendues dans cet état.

.2 Exigences d'environnement mécanique

la
sai

est
oir
ent
est

fibre de I'environnement, mais seulement aprés avoir laissé refroidir le spécimen dans des
conditions atmosphériques normalisées.

Tableau 12 — Exigence pour la résistance a la traction

Environnement Allongement a la limite d’élasticité

Chaleur humide 24,0%
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4.4.3 Exigences d’environnement pour la transmission

La variation d'affaiblissement par rapport a la valeur initiale doit étre inférieure aux valeurs du
Tableau 13 et du Tableau 14. Les exigences différent pour les deux groupes de fibres parce

que leurs environnements d'application sont différents.

Tableau 13 — Exigences pour la variation d'affaiblissement pour les fibres A4a a Ade

température

Environnement Attribut Unité Limites
Chaleur humide Augmentation de I'affaiblissement a 650 nm dB/100 m <5
(inclut I'affaiblissement d 3
I'absorption d'eau)
Chaleur seche Augmentation de I'affaiblissement a 650 nm dB/100 m <2
V{driations de Augmentation de I'affaiblissement a 650 nm dB/100 m <2

Tableau 14 — Exigences pour la variation d'affaiblissement pour-les’fibres Ad4g a Adji

650 nm, 850 nm et/ou 1 300<hm

Environnement Attribut Unité Limites
Chaleur humide Augmentation de I'affaiblissement a dB/100 m <1,0
a
650 nm, 850 nm et/ou 1 300 nm (inclut I'affaiblissement da 2
I'absorption d'eau)

Chaleur seche Augmentation de I'affaiblissement & dB/100 m <0,5

650 nm, 850 nm et/ou 1 300 nm
Vdriations de température | Augmentation de I'affaiblissement a dB/100 m <0,5

conditions atmosphériques normalisées a température ambiante.

a | Etant donné que l'effet de I'eau absorbée peut &tre,important 4 1 300 nm, I'augmentation de I'affaiblisseme
est spécifiée uniquement aprés une période,de rétablissement de I'échantillon d'au moins 24 h dans d

ES
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