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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL FIBRES -

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

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object EC is to promote
international co-operation on all questions concerning standardization in the electricall and elegtronic fields. To

Technical Reports, Publicly Available Specifications (PAS) and Guides (he eferred Mo as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IE( atio i i
in the subject dealt with may participate in this preparatory work. i

consensus of opinion on the relevant subjects since each ica i épresentation from all
interested IEC National Committees.

Publications is accurate, IEC cannot be
misinterpretation by any end user.

4) In order to promote international uniformity, YeC Nati € ittees”undertake to apply IEC Publications
transparently to the maximum extent posgible in thei ional and regional publications. Any divergence
between any IEC Publication and the corre ional er regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide Nndependent certification bodies provide conformity
assessment services ang, in 3 B arks of conformity. IEC is not responsible for any

6)

7) enfployees, servants or agents including individual experts and
C IMational Committees for any personal injury, property damage or
vhether direct or indirect, or for costs (including legal fees) and
se of, or reliance upon, this IEC Publication or any other IEC

8) e references cited in this publication. Use of the referenced publications is

9) e possibility that some of the elements of this IEC Publication may be the subject of

International Standard’ IEC 60793-2-10 has been prepared by subcommittee 86A: Fibres and
cables, of IEC technical committee 86: Fibre optics.

This fourth edition cancels and replaces the third edition published in 2007. This edition
constitutes a technical revision.

The major changes with respect to the previous edition are listed below:

e addition of type A1a.3 fibre;

* reduction of core diameter tolerance from 3,0 to 2,5 um for A1a fibres.
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The text of this standard is based on the following documents:

CDV Report on voting
86A/1295/CDV 86A/1328/RVC

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

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

Q)

A list of all parts of the IEC 60793 series, published under the general title—Optical fibres can

be found on the IEC website.

The committee has decided that the contents of this publication

* reconfirmed,
+ withdrawn,
* replaced by a revised edition, or

+ amended. Q G

IMPORTANT - The 'colour inside’ logo on the cever\page of this publication indicates
that it contains colours which ‘are sidered /to be useful for the correct
understanding of its ¢ rs s therefore print this document using a

colour printer.

LN\
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OPTICAL FIBRES -

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

1 Scope

This part of IEC 60793 is apphcable to opt|cal f|bre types A1a A1b, and A1d These fibres are

services; on-premises intra-building and
Centres, LANs, Storage Area Networ

— specific requirement
standard and whic

For dated the-edition cited applies. For undated references, the latest edition
of the referensed dgsumeny (including any amendments) applies.

IEC 60793-1-1, Ogptica
and guidance

fibres — Part 1-1: Measurement methods and test procedures — General

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

IEC 60793-1-21, Optical fibres — Part 1-21: Measurement methods and test procedures —
Coating geometry

IEC 60793-1-22, Optical fibres — Part 1-22: Measurement methods and test procedures —
Length measurement

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

IEC 60793-1-31, Optical fibres — Part 1-31: Measurement methods and test procedures —
Tensile strength
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IEC 60793-1-32, Optical fibres — Part 1-32: Measurement methods and test procedures —
Coating strippability

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

IEC 60793-1-34, Optical fibres — Part 1-34: Measurement methods and test procedures — Fibre
curl

IEC 60793-1-40, Optical fibres
Attenuation

Part 1-40: Measurement methods and test procedures —

Part 1-41: Measurement methods and

IEC 60793-1-41, Optical fibres
Bandwidth

est procedures —

IEC 60793-1-42, Optical fibres
Chromatic dispersion

Part 1-42: Measurement methods\ a edures —

IEC 60793-1-43, Optical fibres
Numerical aperture

Part 1-43: Measurement me

IEC 60793-1-46, Optical fibres — Part 1-46: Measurg
Monitoring of changes in optical transmittance

IEC 60793-1-47, Optical fibres — Part 1-47:
Macrobending loss

and test procedures —
IEC 60793-1-49, Optical fibres — Part 1549: asure ' and test procedures —
Differential mode delay

IEC 60793-1-50, Optical fis : snt methods and test procedures — Damp
heat (steady state)

IEC 60793-1-51, tica
heat

IEC 60793-1-52, Op

IEC 60794-1-1, Opticél fibre cables — Part 1-1: Generic specification - General

IEC/TR 62048:2002, Optical fibres — Reliability — Power law theory

ISO/IEC 11801:2002, Information technology — Generic cabling for customer premises

3 Specifications

3.1 General requirements

The fibre shall consist of a glass core with a graded index profile and a glass cladding in
accordance with 5.1 in IEC 60793-2.

The term “glass” usually refers to material consisting of non-metallic oxides.
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3.2 Dimensional requirements

Dimensional attributes and measurement methods are given in Table 1.
Requirements common to all fibres in category A1 are indicated in Table 2.

Table 3 lists additional attributes that shall be specified by each family specification.

Table 1 — Dimensional attributes and measurement methods

Attributes Measurement

IEC 60793-1-20
(@0\7‘9 7320

Cladding diameter

Core diameter |

Cladding non-circularity

Core non-circularity

Core-cladding concentricity error kg\é()?éﬁi\-%}&/
Primary coating diameter \ &IE\K\M{%- -21

Primary coating non-circularity / ‘IEC 793-1-21
Primary coating-cladding concentricity error /\\ } / A M793-1-21

Fibre length AN N7 [ () | »Ece0793-1-22

mon to category A1 fibres

Limits

%

<6

Primeyﬁs&ati&\g diam%r\\unéww a> um 245 + 10
PrimanWe%(\— Mrt%f um 250 + 15

Primary, wgwm cs\r{c%}iéity error pm <12,5

Fibge length km b
d '\iy primary coating diameter are most commonly used in
cables. There are other applications, which use other primary

rs, several of which are listed below.
inal primary coating diameters and tolerance (um):

400 + 40
500 + 50
700 £ 100
900 = 100

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

Table 3 — Additional dimensional attributes required
in the family specifications

Attributes

Cladding diameter

Cladding non-circularity

Core diameter

Core-cladding concentricity error

Documents

Document Sharing Hub

Full document details: IEC 60793-2-10 2011


http://avadocuments2026.com/doc/iec-60793-2-10-2011
http://avadocuments2026.com/doc/iec-60793-2-10-2011

60793-2-10 O IEC:2011 -9-

3.3 Mechanical requirements

Mechanical attributes and measurement methods are given in Table 4.
Requirements common to all fibres in category A1 are in Table 5.

Table 4 — Mechanical attributes and measurement methods

Attributes Test methods

Proof test IEC 60793-1-30
Tensile strength IEC 60793-1-31
Primary coating strippability IEC 607{9@%2\
Stress corrosion susceptibility IEC@/O%&(’I\?\
Fibre curl {EC'QV%93-

XD

Attributes

Proof stress level

Strip force (average)b

Strip force (peak)b < <

Tensile strength (median) for 0,5 m>

specimen length

Stress corrosion susceptibility co“stan(_\ ny >18

\$\05 Fave.strip < 5,0
‘\L/S Fpeak.strip <89

23,8

TR 62048
b Either averag i eak\strip force, which are defined in the test
pre{::%\}re, ay be/sSpesified ent between the supplier and the customer.

Attributes Measurement

methods

Attenuation coefficient @ IEC 60793-1-40
Modal bandwidth @ IEC 60793-1-41
Numerical aperture IEC 60793-1-43
Chromatic dispersion b IEC 60793-1-42
Change of optical transmission IEC 60793-1-46
Macrobending loss IEC 60793-1-47
Differential mode delay IEC 60793-1-49
a When measuring attenuation and modal bandwidth, the appropriate launching

conditions should be applied. These may differ from those prescribed in the test

methods to which reference is made.
b Specification compliance of chromatic dispersion can be assured by compliance to

the numerical aperture specification.
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Table 7 — Additional transmission attributes required
in family specifications

Attributes

Attenuation coefficient

Modal bandwidth

Chromatic dispersion

Numerical aperture

Macrobending loss

For attenuation coefficient and modal bandwidth, the family specification’ contains ranges of

Care should be taken in
fibres, the bandwidth a

ndwidth specifications. For category A1
e bandwidth at 1 300 nm in a way shown

in Figure 1, depending © e active indéx—parameter, g, (see 5.1 of IEC 60793-2). The
shaded region u r < S an be defined as the dual window area. In this
area, regions X,{}\ c ere a fibre manufacturer may choose to optimise
the process. That”is he preduction at 850 nm, 1 300 nm, or between these two

wavelengths.

Due to this o anufacturing process, there will be combinations of bandwidth
that are ple, it is practically impossible to produce a fibre with the
maximue ; ed bandwidth ranges (e.g. 800 MHz.km /1 000 MHz.km for A1b
multimode™fi \
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3.5 Environmental req

3.5.1 Overview

o e2eSe.
LRI AR pemee e N
oo ’0’0}0‘0‘:0‘0’0”0'0“0::’0’0 Ko -

850 nm and 1 300 nm

IEC 60793-1-50

IEC 074/02

Dry heat

IEC 60793-1-51

Change of temperature

IEC 60793-1-52

Water immersion

IEC 60793-1-53

Table 9 — Attributes measured for environmental tests

Attribute Measurement method

Change in optical transmission

IEC 60793-1-46

Attenuation

IEC 60793-1-40

Strip force

IEC 60793-1-32

Tensile strength

IEC 60793-1-31

Stress corrosion susceptibility

IEC 60793-1-33

Full document details: IEC 60793-2-10 2011
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These tests are normally conducted periodically as type-tests for a fibre and coating design.
Unless otherwise indicated, the recovery period allowed between the completion of the
environmental exposure and performing the attribute measurements shall be as stated in the
particular environmental test method.

3.5.2 Mechanical environmental requirements (common to all fibres in category A1)
3.5.2.1 Overview

These tests are, in practice, the most severe requirements amongst the environments defined
in Table 8.

Tables 10, 11, and 12 give the prescriptions for strip force, tensile gfrength and stress

corrosion susceptibility respectively.

3.5.2.2 Strip force

The following attributes shall be verified following removal ¢ e particular
environment.

Environment

Damp heat <8,9

< FpeakAstrip

1’0 s Fpeak.strip s 8’9

Water immersion

3.5.2.3 Tensile streng

The following attribute

Environment Median tensile strength 15th percentile tensile strength
Specimen length: 0,5 m Specimen length: 0,5 m
GPa GPa

Damp heat > 3,03

X
NOTE T@sﬁe&\kirewts do\n\ot apply to hermetically coated fibre.

3.5.2.4 Stress

22,76

rrosion susceptibility

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

Table 12 — Stress corrosion susceptibility for environmental tests

Environment Stress corrosion susceptibility constant, nd

Damp heat >18

NOTE This requirement does not apply to hermetically coated fibre.
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3.5.3 Transmission environmental requirements

- 13—

Change in attenuation from the initial value shall be less than the values in Table 13.
Attenuation shall be measured periodically during the entire exposure to each environment

and after removal.

Table 13 — Change in attenuation for environmental tests

Environment Wavelength Attenuation increase
nm dB/km
Damp heat 850 < 0,20
1300 /\_\on
Dry heat 850 /\\ (<\02\0\
AT
Change of temperature 850 < 0,20
1300 \\\ \ S\l\%{
Water immersion 850 \ \ > 0,20
1300 S\ <020
Documents
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Annex A
(normative)

Family specifications for A1a multimode fibres

A.1  General

The following clauses and tables contain particular requirements applicable to A1a fibres.
Common requirements, repeated here for ease of reference from the sectlonal specification,
are noted by an entry in the “Reference” column. Relevant notes from the sec al specification
are not repeated but indicated with a superscript “SS”.

A.2 Dimensional requirements

Table A.1 contains dimensional requi

Table A.1 — Dimensio

Attribute ] imi Reference

Cladding diameter N

[aaN
Cladding non- C|rcular| L \ % <2

Core diameter < > < < pm 50+ 2,5
Core-cladding concentg\o@/ &x&/\\ij\/\/ pum <3

Core non-circularity \ % <6 3.2
Primary coating{ﬁ%s{é\—\uqc}kkure\dx pm 245+ 10 3.2
Primary ccyﬂﬁ{é&gmﬁ\col\wred pum 250 + 15 3.2
Primary c@hng\-mm\g\\m\&mny error um <12,5 3.2
Length km [see 3.2] 3.2

A.3 Mechanical requirements
Table A.2 contains the mechanical requirements specific to A1a fibres.

Table A.2 — Mechanical requirements specific to A1a fibres

Attribute Unit Limit Reference
Proof stress level GPa >0,69 SS 3.3
Strip force (average)SS N 1,0 £ Fyye srip < 5.0 3.3
Strip force (peak) SS N 1,0 < Foanstrip < 8.9 3.3
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A.4 Transmission requirements

Table A.3 contains transmission requirements specific to A1a fibres.

Table A.3 — Transmission requirements specific to A1a fibres

Attribute i imi Reference
Fibre subtype Ala.1 Ala.2 A1a.3
Maximum attenuation coefficient at 850 nm dB/km 2,4-3,52 2,5
Maximum attenuation coefficient at 1300 nm dB/km 0,7-1,52 0,8
Minimum modal bandwidth-length product MHzekm 200 - 800 a 1 500 \( & 50\
for overfilled launch at 850 nm

Minimum modal bandwidth-length product MHzekm 200 -1 2002
for overfilled launch at 1 300 nm

Differential mode delay at 850 nm ps/m Not specified Annexes
Iause Iau D, E, F,
< A 3 G
r
lause lause
a D-4
Numerical aperture Unit less f\\)/ /QZM 0\5/
Maximum macrobending loss B
100 turns on mandrel diameter of 75 mm
at wavelengths 850 nm and 1 300 nm °
Zero dispersion wavelength, Ag nm 1 295< 1g<1340°
[ERN

Zero dispersion slope, S p /nm&-k\mj
-from 1295 nm < Ag< 1310 nm <0,105°
-from 1310 nm < Ag <1340 n Q < 0,000375 (1590 - Ag) °

a  These values repfes t may besspexifi

b According to the
launch conditions
compliance to thi

ehayiour of macrobending loss for A1a fibre under the steady-state
i t only one of these wavelengths may be sufficient to ensure

ispersion coefficient at 850 nm (e.g. S, = 0,09375 ps/nm2-km at A, = 1 340 nm or

The requirements 0f'3.5 shall be met.
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Annex B
(normative)

Family specifications for A1b multimode fibres

B.1 General

The following clauses and tables contain particular requirements applicable to A1b fibres.
Common requirements, repeated here for ease of reference from the sectional specification,
are noted by an entry in the “Reference” column. Relevant notes the sectional
specification are not repeated but indicated with a superscript "SS”.

Type A1b fibre is a 62,5/125 um graded index fibre.

B.2 Dimensional requirements

Table B.1 contains dimensional requirements specific

to A1b fibres

Reference

Cladding diameter

Cladding non-circularity \ <2

Core diameter ( /\\ 62,5+ 3

Core-cladding concentricity Ff{or N )1 <3

Core non-circularity k \/\ <6 3.2

Primary coating dial%e\te} u@lour& pm 245 + 10 3.2
Primary coating diame%r&co}c\me}}\ \/\ um 250 + 15 3.2
Primary coating-clad&qg&}s%ntri ity ewrcor pm <12,5 3.2
Length ( \ x Km [see 3.2] 3.2

Table B.2 contains the mechanical requirements specific to A1b fibres.

Table B.2 — Mechanical requirements specific to A1b fibres

Attributes Unit Limits Reference
Proof stress level GPa > 0,69 SS 3.3
Strip force (average)SS N 1,0 < Flie girip S 5.0 3.3
Strip force (peak) SS N 1,0 < Fpeapstrip < 8,9 3.3
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B.4 Transmission requirements
Table B.3 contains transmission requirements specific to A1b fibres.

Table B.3 — Transmission requirements specific to A1b fibres

Attributes Unit Limits Reference
Maximum attenuation coefficient at 850 nm 2 dB/km 2,8-3,5
Maximum attenuation coefficient at 1 300 nm 2 dB/km 0,7-1,5
Minimum modal bandwidth at 850 nm @ MHz.-km 100 - 800 TN
Minimum modal bandwidth at 1 300 nm 2 MHz.km 200-10
Numerical aperture Unit less 0,275 }NQ \
Maximum macrobending loss dB 0, \/

100 turns on mandrel diameter of 75 mm
at wavelengths 850 nm and 1300 nm P

Zero dispersion wavelength, Ag nm

Zero dispersion slope Sg ps/nm2-km

- from 1 320 nm < Ag < 1 348 nm

- from 1 348 nm < Ag < 1 365 nm

launch conditions used in this test, testin
compliance to this specification.

a8  The limit column forms a range of values that maxb ified. \::J\/
b According to the wavelength-independent behavi nding s for A1b fibre under the steady-state

e wavelengths may be sufficient to ensure

¢  The worst case chromatic dispersi S, = 0,11 ps/nm2-km at A, = 1 348 nm) is
-125 ps/nm-km.
B.5 Environ@ta emen
The requirements allNp S
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Annex C
(normative)

Family specifications for A1d multimode fibres

C.1 General

The following clauses and tables contain particular requirements for A1d fibres. Common
requirements, repeated here for ease of reference from the sectional specification, are noted
by an entry in the “Reference” column. Relevant notes from the sectional ification are not
repeated but indicated with a superscript “SS”.

Type A1d fibre is a 100/140 um graded index fibre.

C.2 Dimensional requirements

Attributes Reference

Cladding diameter

A
Cladding non-circularity K (\ % <4
cors e Z TR :
ore diameter /\ m 100+ 5
Core-cladding concentricity qur N pm) <6

(N
Core non-circularity k \ \ % <6 3.2
Primary coating diaé{te} u@olouré{ pm 245 + 10 3.2
Primary coating diamey\é c&t\\u/ré\ \/\ pm 250 + 15 3.2
Primary coating-clad 'ng\s\o}c\enwy\éﬂq/ pm <12,5 3.2
>

Length ( \ km [see 3.2] 3.2
N\

C.3 Mechanical requirements
Table C.2 contains the mechanical requirements specific to A1d fibres.

Table C.2 — Mechanical requirements specific to A1d fibres

Attributes ‘ Unit Limits Reference
Proof stress level GPa > 0,69 SS 3.3
Strip force (average)SS N 1,0 < Fyye sirip < 50 3.3
Strip force (peak) SS N 1,0 < Fpeapstrip < 8,9 3.3
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C.4 Transmission requirements
Table C.3 contains transmission requirements specific to A1d fibres.

Table C.3 — Transmission requirements specific to A1d fibres

Attributes Unit Limits Reference
Maximum attenuation coefficient at 850 nm 2 dB/km 3,56-7,0
Maximum attenuation coefficient at 1 300 nm 2 dB/km 1,5-4,5
Minimum modal bandwidth at 850 nm @ MHz-km 10 - 200 TN
Minimum modal bandwidth at 1 300 nm 2 MHz.km 100 - 3(})’\&

Numerical aperture Unit less 0,26 + @] r
92200

Maximum macrobending loss dB Fo furtN X )

Zero dispersion wavelength, Ag nm <\30Qx/1(%1\385 \

Zero dispersion slope Sg ps/nm2-km

- from 1 330 nm < Ag < 1 365 nm

5b

- from 1 365 nm < Ag < 1 385 nm 575 — Ag) °

a  The limit column forms a range of values t b speC| ed \\a)j\/

b The worst case chromatic dispersion coefficient at 8 5 ps/nm2-km at A\, = 1 365 nm) is
-126 ps/nm-km.

C.5 Environments

The requiremen. »
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Annex D
(normative)

Fibre differential mode delay (DMD) and
calculated effective modal bandwidth (EMB;) requirements

D.1 A1a.2 fibre DMD requirements

D.1.1 General

D.1.2 DMD templates

Template Inner mask DMD (ps/m) for Outer mask DMD (ps/m) for
number Rinner =5 UM to Royrer =18 im Rivner =0 UM to Royrer =23 pm

<0,70

2 <0,60

3 L 2Q,25 <0,50

B IRORUETN

5 A <0, <0,35

6 W <0,33
The DMD i ware illustrated in Figure D.1. In this figure, the allowable DMD
(as me 60793-1-49) is plotted versus the radial offset position of the single-

mode probéxJhexe de-off between the tightness of the inner mask and the outer mask
to ensure a sufficienly amount of the baud energy from a transmitter (meeting the launch
specifications) arri within the required time period (defined by the baud rate of the
transmission system).
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Outer mask Inner mask Outer mask Outer mask Inner mask Outer mask
A
Inner mask floats Inner mask floats
~ inside outer mask < inside outer mask A
E =
é 0,70 ps/m 0,23 ps/m 0,70 ps/m < | 0,40 ps/m 0,26 ps/m 0,40 ps/m
= v Sl v R 2
5 | | z
_ l_““i““i““i““i“‘
0 5 10 15 18 20 23 0 5 10 15 18 20 23
Radial offset (um) Radial offset (um)
Outer mask Inner mask Outer mask Outer mask Inner mask Outer mask
Inner mask floats
N 0 inside outer masV‘\
0,24 ps/
.“_J y 024 pim wl 1 )
< | 0,60 ps/m 0,60 ps/m < | 0,35 ps/m 0 27 ps/m 35 ps/m
o Inner mask floats o v
= i inside outer mask i =
L v L \\ x
0 5 10 15 18 20 23 0 5
Radial offset (um) adlal off
Outer mask Inner mask Outer mask Outer mask WH a?k\) Outer mask
Inner mask floats /\
P inside outer mask A ©
= =
'_
< | 0,50 ps/m 0,25 ps/m 0,50 ps/m g \>0'33 ps/m
o
= v v \ = \
0 5 10 15 18 2 23 \Q\\ 10 15 18 20 23
Radial offset (um) —~ Radial offset (um)

Q IEC 532/11

ask is also illustrated in Figure D.1. In this figure,

is more tightly constrained in the inner mask to allow
ask providing for improved ability to manufacture fibre
. In the case of the 0,33 ps/m mask, the requirement is the
0 pum to 23 um creating a “flat” mask.

on the transmitters are coupled to the DMD requirements on the fibre, a balance can be
achieved between fibre tolerance and transmitter tolerance. A careful study, using fibres
contributed by several different fibre manufacturers and laser transmitters from several
different source manufacturers, and including extensive and detailed simulations, shows that
the above coupled specifications on fibre and sources will yield a minimum effective modal
bandwidth-length product of 2 000 MHz.km (see Bibliography).

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

highest order modes of the fibre, allowing the relaxed tolerance on modal structure excited at
high radii.
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D.1.3 DMD interval masks

The A1a.2 fibre DMD shall not exceed 0,25 ps/m for any of the radial offset intervals given in

Table D.2
Table D.2 — DMD interval masks for A1a.2 fibres
Interval number R/NNER Router
um um

1 7 13

2 9 15

3 11

4 13
These interval masks screen out fibres having DMD that change i shrort radial
ranges. Fibres passing this screen have lower inter-symbol inte 3 that do not.

D.2 A1a.2 fibre EMB. requirements

D.2.1 General

A1a.2 fibres selected using the EMB,

th

The DMD optical pulse shapes ca eigby aset of launch distributions to determine a
corresponding set of EMB inimu B

of Equation (D.1).

Q i ” >1770MHz » km (D.1)

where
minimum E - pm the complex transfer function as described in IEC 60793-
1-49 usingX ig ined”in Table D.3 below.

Annex E for information regarding the corresponding system parameter called the effective modal bandwidth (EMB).
NOTE 2 Compliance with this minimum EMB¢ requirement ensures an EMB value of >= 2 000 MHzekm.

NOTE 3 Refer to Annex F for additional explanation of bandwidth nomenclature.

Weightings within Table D.3 are provided for DMD measured at 1 um radial intervals starting
from the centre of the core (r = 0) for ten simulated lasers with encircled flux (EF) metrics that
correspond to those of ten actual lasers. The DMD weightings in Table D.3 are specific to
sources meeting the specifications of Clause E.2.
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Table D.3 — DMD weightings

Radial ID laser
position

r 1 2 3 4 5 6 7 8 9 10
pm

0 0 0 0 0 0 0 0 0 0 0

1 0,033023 | 0,023504 0 0 0 0,015199 | 0,016253 | 0,022057 | 0,01043 | 0,015681
2 | 0,262463 | 0,188044 0 0 0 0,12091 | 0,129011 | 0,17639 | 0,083496 | 0,124978
3 | 0,884923 | 0,634634 0 0 0 0,407702 | 0,434844 | 0,595248 | 0,281802 | 0,421548
4 | 2000102 | 1,447235 | 0,007414 | 0,005637 | 0,003034 | 0,925664 | 0,987184 | 1, 5 | 0,65028 | 0,957203
5 | 3.231216 | 2,376616 | 0,072028 | 0,055488 | 0,029856 | 1488762 | 1,5876 }'al174399 \1,130599 | 1,539535
6 | 3961956 | 3,052908 | 0,262906 | 0,20005 | 0,107634 | 1,825448 | 1,94664A\\2,666278\] 1,627046 | 1,887747
7 | 3,694686 | 3,150634 | 0,637117 | 0,483667 | 0,258329 | 1,702306 191\52\@ \g)e\asa\\ "2,044326 | 1,762955
8 | 2644369 | 2732324 | 1,197628 | 0,89695 | 0458494 | 1,218378 | K200224 1¥80897 |>2,20172 | 1,202184
9 1397552 | 2,060241 | 1916841 | 1,402833 | 0,661247 | 0,643911 | 0.686635. | 0,945412 | 2,280813 | 0,790844
10 | 0511827 | 1,388339 | 2,755231 | 1,957805 | 0,826035 | 0,238557 [\Q,25985 \| 0)360494 | 1937545 | 0,55938
11 | 0110549 | 0,834722 | 3,514797 | 2,433247 | 1,000204 | 6,098956 [\ 131429 | »,163923 | 1,383006 | 0,673655
12| 0,004097 | 0,419715 | 3,883317 | 2,639299 | 1,204439 \ §,204774/}0,322091 | 0,318712 | 0,878798 | 1,047689
13 | 0,000048 | 0,160282 | 3,561955 | 2,397288 |\1,816982 |(b,524982\] b,848523 | 0,778983 | 0,679756 | 1589037
14 | 0001111 | 0,047143 | 2,617093 | 1,816953\ 250695 | n024948 | 1567513 | 1,383174 | 0,81236 | 2,138626
15 | 0,005094 | 0,044691 | 1,480325 | 1,206977 | 3,164243 '\1.611695 | 2,224027 | 1,853992 | 1,074702 | 2,470827
16 | 0,013918 | 0,116152 | 0,593724 | 1,240558 | 3572413 N2.249689 | 2,55506 | 1,914123 | 1,257323 | 2,361764
17 | 002632 | 0,219802 | 0,153006\ (i,70002, |\3,618037 || 2707415 | 2,464566 | 1,511827 | 1,255067 | 1,798213
18 | 0,036799 | 0,307088 | 0)042054 | 2,240684 [\3 329662/ 29388 | 2,087879 | 0,90833 | 1,112456 | 1,059264
19 | 0,030465 | 0,32031¢ | \ 07 \['\2302077\ 2,745395 | 2,73932 | 1,577111 | 0,386991 | 0,879309 | 0,444481
20 | 0032152 | 02685411 . N0 1952429\ 1953241 | 2,090874 | 1,056343 | 0,11176 | 0,608183 | 0,123304
21 | 0019992 | 0,16697,] "\ 1273833 1137762 | 1261564 | 0,595102 | 0,014829 | 0,348921 | 0,012552
22 | 0,008832 | 0,073814 0 534474 | 0,494404 | 0,55214 | 0,256718 | 0,001818 | 0,15112 0
23 | 0002612 | Q021793\| \ O\ |\0.158314 | 0146517 | 0,163627 | 0,076096 | 0,00054 | 0,044757 0

24 | 0,000282.0002679 N\ \o 0,019738 | 0,018328 | 0,020443 | 0,009446 0 0,005639 0

25 o N N\ © 0 0 0 0 0 0 0

D.3 A1a.3 fibre DMD requirements
D.3.1 General

Full document

A1a.3 fibres selected using the DMD Mask method shall meet the requirements of D.3.2 and
D.3.2. See Clause D.1 for supporting information. The radial limits, Rjyyer @nd RoyTER, WEre
established for transmitters meeting the requirements of Clause E.2.

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

D.3.2

DMD templates

A1a.3 fibres shall meet at least one of the three templates in Table D.4, each of which

includes an inner and outer mask requirement, when measured per IEC 60793-1-49.
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Table D.4 — DMD templates for A1a.3 fibres

Template Inner mask DMD (ps/m) for Outer mask DMD (ps/m) for
number Rinnver =5 Um to Royreg = 18 um Rinnver = 0 Um to Royreg = 23 um
1 <0,10 <0,30
2 <0,11 <0,17
3 <0,14 <0,14

D.3.3 DMD interval masks

The A1a.3 fibre DMD shall not exceed 0,11 ps/m for any of the radial offset.intervals given in

Table D.5 when measured per IEC 60793-1-49.

Table D.5 — DMD interval masks for A1a.3 fij

Interval number RiNNER Router
pum um

B w N
)
~
=

D.4 A1a.3 fibre EMB. requirements

D.4.1 General

D.4.2 Calcul effe

of Equation (D.2).

Minimum EMB, =4 160MHz « km (D.2)

where

minimum EMB. is determined from the complex transfer function as described in IEC 60793-
1-49 using the weights defined in Table D.3.
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