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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 of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

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

6) All users should ensure that they have the latest edition of this publication. 

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

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

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

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: 

• addition of type A1a.3 fibre; 

• reduction of core diameter tolerance from 3,0 to 2,5 µm 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. 

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 will remain unchanged until 
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data 
related to the specific publication. At this date, the publication will be  

• reconfirmed, 
• withdrawn, 
• replaced by a revised edition, or 
• amended. 

 

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct 
understanding of its contents. Users should therefore print this document using a 
colour printer. 
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OPTICAL FIBRES –  
 

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

 
 
 

1 Scope 

This part of IEC 60793 is applicable to optical fibre types A1a, A1b, and A1d. These fibres are 
used or can be incorporated in information transmission equipment and optical fibre cables. 

Type A1a fibre is a 50/125 µm graded index fibre. Type A1a.1 applies to 50/125 µm fibre, 
while A1a.2 and A1a.3 apply to two bandwidth grades of 850 nm laser-optimised 50/125 µm 
fibre. Type A1b applies to 62,5/125 µm graded index fibre and A1d applies to 100/140 µm 
graded index fibre. 

Other applications include, but are not restricted to, the following: short reach, high bit-rate 
systems in telephony, distribution and local networks carrying data, voice and/or video 
services; on-premises intra-building and inter-building fibre installations including Data 
Centres, LANs, Storage Area Networks, PBXs, video, various multiplexing uses, outside 
telephone cable plant use, and miscellaneous related uses. 

Three types of requirements apply to these fibres: 
– general requirements, as defined in IEC 60793-2;  
– specific requirements common to the category A1 multimode fibres covered in this 

standard and which are given in Clause 3;  
– particular requirements applicable to individual fibre types or specific applications, which 

are defined in the normative family specification annexes. 

2 Normative references 

The following referenced documents are indispensable for the application 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. 

IEC 60793-1-1, Optical fibres – Part 1-1: Measurement methods and test procedures – General 
and guidance 

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 – Part 1-40: Measurement methods and test procedures – 
Attenuation 

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

IEC 60793-1-42, Optical fibres – Part 1-42: Measurement methods and test procedures – 
Chromatic dispersion 

IEC 60793-1-43, Optical fibres – Part 1-43: Measurement methods and test procedures – 
Numerical aperture 

IEC 60793-1-46, Optical fibres – Part 1-46: Measurement methods and test procedures –
Monitoring of changes in optical transmittance 

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

IEC 60793-1-49, Optical fibres – Part 1-49: Measurement methods and test procedures – 
Differential mode delay 

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

IEC 60793-1-51, Optical fibres – Part 1-51: Measurement methods and test procedures – Dry 
heat 

IEC 60793-1-52, Optical fibres – Part 1-52: Measurement methods and test procedures – 
Change of temperature 

IEC 60793-1-53, Optical fibres – Part 1-53: Measurement methods and test procedures – Water 
immersion 

IEC 60793-2:2007, Optical fibres − Part 2: Product specifications - General 

IEC 60794-1-1, Optical 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 
methods 

Cladding diameter IEC 60793-1-20 

Core diameter IEC 60793-1-20 

Cladding non-circularity IEC 60793-1-20 

Core non-circularity IEC 60793-1-20 

Core-cladding concentricity error IEC 60793-1-20 

Primary coating diameter IEC 60793-1-21 

Primary coating non-circularity IEC 60793-1-21 

Primary coating-cladding concentricity error IEC 60793-1-21 

Fibre length IEC 60793-1-22 

 

Table 2 – Dimensional requirements common to category A1 fibres 

Attributes Unit Limits 

Core non-circularity % ≤6 

Primary coating diameter – uncoloured a µm 245 ± 10 

Primary coating diameter – coloured a µm 250 ± 15 

Primary coating-cladding concentricity error µm ≤12,5 

Fibre length km b 

a  The above limits on primary coating diameter are most commonly used in 
telecommunications cables. There are other applications, which use other primary 
coating diameters, several of which are listed below.   
Alternative nominal primary coating diameters and tolerance (µm): 

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 
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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 60793-1-32 

Stress corrosion susceptibility IEC 60793-1-33 

Fibre curl IEC 60793-1-34 

 
Table 5 – Mechanical requirements common to category A1 fibres  

Attributes Unit Limits 

Proof stress level GPa ≥ 0,69 a 

Strip force (average)b N 1,0 ≤ Fave.strip ≤ 5,0 

Strip force (peak)b N 1,0 ≤ Fpeak.strip ≤ 8,9 

Tensile strength (median) for 0,5 m 
specimen length 

GPa ≥ 3,8 

Stress corrosion susceptibility constant nd ≥ 18 

a  The proof stress of 0,69 GPa equals about 1 % strain or about 8,8 N force, for A1a 
and A1b fibres. For the relation between these different units, see 7.4 of IEC/ 
TR 62048. 

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

 
3.4 Transmission requirements 

Transmission attributes and measurement methods are given in Table 6.  

Table 7 lists additional attributes that shall be specified by each family specification. 

Table 6 – Transmission attributes and measurement methods 

Attributes Measurement 
methods 

Attenuation coefficient a IEC 60793-1-40 

Modal bandwidth a 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 
specifiable values instead of fixed limits. The actual values of the maximum attenuation 
coefficient and minimum modal bandwidth, at both 850 nm and 1 300 nm (or just at one of 
these wavelengths) are to be agreed between the supplier and the customer. For commercial 
purposes, the modal bandwidth is linearly normalized to 1 km. 

For guidance purposes on bandwidth, Table H.1 shows a number of internationally 
standardised applications supported by A1 fibres, and Table H.2 gives a (limited) number of 
frequently used commercial bandwidth specifications for A1a and A1b fibres. 

The indicated maximum attenuation values apply to uncabled optical fibres; for the maximum 
cabled attenuation values, reference is made to IEC 60794-1-1, which can be used in 
conjunction with this standard. 

Remarks on the specification of modal bandwidth:  

Care should be taken in writing dual wavelength bandwidth specifications. For category A1 
fibres, the bandwidth at 850 nm may be related to the bandwidth at 1 300 nm in a way shown 
in Figure 1, depending on the refractive index parameter, g, (see 5.1 of IEC 60793-2). The 
shaded region under the curve of Figure 1 can be defined as the dual window area. In this 
area, regions X, Y, and Z are examples of where a fibre manufacturer may choose to optimise 
the process. That is, centre the production at 850 nm, 1 300 nm, or between these two 
wavelengths. 

Due to this optimisation of the manufacturing process, there will be combinations of bandwidth 
that are not possible. For example, it is practically impossible to produce a fibre with the 
maximum of both indicated bandwidth ranges (e.g. 800 MHz•km /1 000 MHz•km for A1b 
multimode fibres). 
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Figure 1 – Relation between bandwidths at 850 nm and 1 300 nm 

3.5 Environmental requirements 

3.5.1 Overview 

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

– Relevant environmental attributes and test procedures are given in Table 8. 
– Measurements of a particular mechanical or transmission attribute that may change on the 

application of the environment are listed in Table 9. 

Table 8 – Environmental exposure tests 

 Environmental exposure Test  

Damp heat  IEC 60793-1-50 

Dry heat  IEC 60793-1-51 

Change of temperature  IEC 60793-1-52 

Water immersion  IEC 60793-1-53 

 
Table 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 

 

IEC  074/02 
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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 strength and stress 
corrosion susceptibility respectively. 

3.5.2.2 Strip force 

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

Table 10 – Strip force for environmental tests 

Environment Average strip force  
N 

Peak strip force 
N 

Damp heat 1,0 ≤ Favg.strip ≤ 5,0 1,0 ≤ Fpeak.strip ≤ 8,9 

Water immersion 1,0 ≤ Favg.strip ≤ 5,0 1,0 ≤ Fpeak.strip ≤ 8,9 

 
3.5.2.3 Tensile strength 

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

Table 11 – Tensile strength for environmental tests 

Environment Median tensile strength 
Specimen length: 0,5 m 

 GPa 

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

GPa 

Damp heat ≥ 3,03 ≥ 2,76 

NOTE These requirements do not apply to hermetically coated fibre. 
 
3.5.2.4 Stress corrosion 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 

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 
nm 

Attenuation increase  
dB/km 

Damp heat 850 ≤ 0,20 

1 300 ≤ 0,20 

Dry heat 850 ≤ 0,20 

1 300 ≤ 0,20 

Change of temperature 850 ≤ 0,20 

1 300 ≤ 0,20 

Water immersion 850 ≤ 0,20 

1 300 ≤ 0,20 
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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 sectional specification, 
are noted by an entry in the “Reference” column. Relevant notes from the sectional specification 
are not repeated but indicated with a superscript “SS”. 

Type A1a fibre is a 50/125 µm graded index fibre. Three types of A1a fibre are specified. 
Type A1a.1 (defined in the first edition of this standard as type A1a) applies to 50/125 µm 
fibre, while types A1a.2 and A1a.3 apply to two bandwidth grades of 850 nm laser-optimised 
50/125 µm fibre. The dimensional, mechanical and environmental requirements are common 
to all. The differences in the transmission requirements are specified in Table A.3. 

A.2 Dimensional requirements 

Table A.1 contains dimensional requirements specific to A1a fibres. 

Table A.1 – Dimensional requirements specific to A1a fibres 

Attribute Unit Limit Reference 

Cladding diameter µm 125 ± 2  

Cladding non-circularity % ≤2  

Core diameter µm 50 ± 2,5  

Core-cladding concentricity error µm ≤3  

Core non-circularity % ≤6 3.2 

Primary coating diameter – uncoloured µm 245 ± 10 3.2 

Primary coating diameter – coloured µm 250 ± 15 3.2 

Primary coating-cladding concentricity error µm ≤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 ≤ Fave.strip ≤ 5,0 3.3 

Strip force (peak) SS N 1,0 ≤ Fpeak.strip ≤ 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 Unit Limit Reference 

Fibre subtype  A1a.1 A1a.2 A1a.3  

Maximum attenuation coefficient at 850 nm dB/km 2,4 – 3,5 a 2,5  

Maximum attenuation coefficient at 1300 nm dB/km 0,7 – 1,5 a 0,8  

Minimum modal bandwidth-length product 
for overfilled launch at 850 nm 

MHz•km 200 – 800 a 1 500 3 500  

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

MHz•km 200 – 1 200 a 500  

Differential mode delay at 850 nm ps/m Not specified Meet 
Clause 

D.1  
or 

Clause 
D.2  

Meet 
Clause 

D.3 
or 

Clause 
D.4 

Annexes 
D, E, F,  

G 

Numerical aperture Unit less 0,20 ± 0,015   

Maximum macrobending loss 
100 turns on mandrel diameter of 75 mm 
at wavelengths 850 nm and 1 300 nm b 

dB 0,5  

Zero dispersion wavelength, λ0 nm 1 295 ≤ λ0 ≤ 1 340 c  

Zero dispersion slope, S0 

- from 1 295 nm ≤ λ0 ≤ 1 310 nm 

- from 1 310 nm ≤ λ0 ≤ 1 340 nm 

ps/nm2∙km  

≤ 0,105 c 

≤ 0,000375 (1590 - λ0) c 

 

a  These values represent a range that may be specified. 
b  According to the wavelength-independent behaviour of macrobending loss for A1a fibre under the steady-state 

launch conditions used in this test, testing at only one of these wavelengths may be sufficient to ensure 
compliance to this specification. 

c The worst case chromatic dispersion coefficient at 850 nm (e.g. S0 = 0,09375 ps/nm2∙km at λ0 = 1 340 nm or  
S0 = 0,10125 ps/nm2∙km at λ0 = 1 320 nm) is -104 ps/nm·km.  

 

A.5 Environmental requirements 

 The requirements of 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 from the sectional 
specification are not repeated but indicated with a superscript ”SS”. 

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

B.2 Dimensional requirements 

Table B.1 contains dimensional requirements specific to A1b fibres. 

Table B.1 – Dimensional requirements specific to A1b fibres 

Attributes Unit Limits Reference 

Cladding diameter µm 125 ± 2  

Cladding non-circularity % ≤ 2  

Core diameter µm 62,5 ± 3  

Core-cladding concentricity error µm ≤3  

Core non-circularity % ≤6 3.2 

Primary coating diameter – uncoloured µm 245 ± 10 3.2 

Primary coating diameter – coloured µm 250 ± 15 3.2 

Primary coating-cladding concentricity error µm ≤12,5 3.2 

Length Km [see 3.2] 3.2 
 

B.3 Mechanical requirements 

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 ≤ Fave.strip ≤ 5,0 3.3 

Strip force (peak) SS N 1,0 ≤ Fpeak.strip ≤ 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 a dB/km 2,8 − 3,5  

Maximum attenuation coefficient at 1 300 nm a dB/km 0,7 − 1,5  

Minimum modal bandwidth at 850 nm a MHz•km 100 − 800  

Minimum modal bandwidth at 1 300 nm a MHz•km 200 − 1 000  

Numerical aperture Unit less 0,275 ± 0,015  

Maximum macrobending loss 
100 turns on mandrel diameter of 75 mm 
at wavelengths 850 nm  and 1300 nm b  

dB 0,5  

Zero dispersion wavelength, λ0 nm 1 320 ≤ λ0 ≤ 1 365 c  

Zero dispersion slope S0  

− from 1 320 nm ≤ λ0 ≤ 1 348 nm 

− from 1 348 nm ≤ λ0 ≤ 1 365 nm 

ps/nm2∙km  

≤ 0,11 c 

≤ 0,001 (1 458 – λ0) c 

 

a  The limit column forms a range of values that may be specified. 
b  According to the wavelength-independent behaviour of macrobending loss for A1b fibre under the steady-state 

launch conditions used in this test, testing at only one of these wavelengths may be sufficient to ensure 
compliance to this specification. 

c  The worst case chromatic dispersion coefficient at 850 nm (S0 = 0,11 ps/nm2∙km at λ0 = 1 348 nm) is  
-125 ps/nm∙km. 

 

B.5 Environmental requirements 

The requirements of 3.5 shall be met. 
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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 specification are not 
repeated but indicated with a superscript “SS”. 

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

C.2 Dimensional requirements 

Table C.1 contains dimensional requirements specific to A1d fibres. 

Table C.1 – Dimensional requirements specific to A1d fibres 

Attributes Unit Limits Reference 

Cladding diameter µm 140 ± 4  

Cladding non-circularity % ≤ 4  

Core diameter µm 100 ± 5  

Core-cladding concentricity error µm ≤ 6  

Core non-circularity % ≤ 6 3.2 

Primary coating diameter – uncoloured µm 245 ± 10 3.2 

Primary coating diameter – coloured µm 250 ± 15 3.2 

Primary coating-cladding concentricity error µm ≤ 12,5 3.2 

Length km [see 3.2] 3.2 

 

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 ≤ Fave.strip ≤ 5,0 3.3 

Strip force (peak) SS N 1,0 ≤ Fpeak.strip ≤ 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 a dB/km 3,5 − 7,0  

Maximum attenuation coefficient at 1 300 nm a dB/km 1,5 − 4,5  

Minimum modal bandwidth at 850 nm a MHz•km 10 − 200  

Minimum modal bandwidth at 1 300 nm a MHz•km 100 − 300  

Numerical aperture Unit less 0,26 ± 0,03 or 

0,29 ± 0,03 

 

Maximum macrobending loss dB For further study  

Zero dispersion wavelength, λ0 nm 1 330 ≤ λ0 ≤ 1 385 b  

Zero dispersion slope S0 

− from 1 330 nm ≤ λ0 ≤ 1 365 nm 

− from 1 365 nm ≤ λ0 ≤ 1 385 nm 

ps/nm2∙km  

≤ 0,105 b 

≤ 0,0005 (1 575 – λ0) b 

 

a  The limit column forms a range of values that may be specified. 
b  The worst case chromatic dispersion coefficient at 850 nm (S0 = 0,105 ps/nm2∙km at λ0 = 1 365 nm) is  

-126 ps/nm∙km. 

 

C.5 Environmental requirements 

The requirements of 3.4 shall be met. 
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Annex D  
(normative) 

 
 Fibre differential mode delay (DMD) and 

calculated effective modal bandwidth (EMBc) requirements 
 

D.1 A1a.2 fibre DMD requirements  

D.1.1 General 

A1a.2 fibres selected using the DMD Mask method shall meet the requirements of D.1.1 and 
D.1.2. The radial limits, RINNER and ROUTER, were established for transmitters meeting the 
requirements of Clause E.2. 

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

D.1.2 DMD templates 

A1a.2 fibres shall meet at least one of the six templates given in Table D.1, each of which 
includes an inner and outer mask requirement, when measured per IEC 60793-1-49.  

Table D.1 – DMD templates for A1a.2 fibres 

Template  
number 

Inner mask DMD (ps/m) for  
RINNER = 5 µm to ROUTER = 18 µm 

Outer mask DMD (ps/m) for  
RINNER = 0 µm to ROUTER = 23 µm 

1 ≤0,23 ≤0,70 

2 ≤0,24 ≤0,60 

3 ≤0,25 ≤0,50 

4 ≤0,26 ≤0,40 

5 ≤0,27 ≤0,35 

6 ≤0,33 ≤0,33 

 
The DMD requirements in D.1.2 are illustrated in Figure D.1. In this figure, the allowable DMD 
(as measured by IEC 60793-1-49) is plotted versus the radial offset position of the single-
mode probe. There is a trade-off between the tightness of the inner mask and the outer mask 
to ensure a sufficient amount of the baud energy from a transmitter (meeting the launch 
specifications) arrives within the required time period (defined by the baud rate of the 
transmission system). 
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Figure D.1 – DMD template requirements 

The “floating” characteristic of the inner mask is also illustrated in Figure D.1. In this figure, 
the inner mask (5 µm to18 µm) may be positioned vertically (temporally) anywhere within the 
outer mask (0 µm to 23 µm). The DMD is more tightly constrained in the inner mask to allow 
for looser tolerances on the outer mask providing for improved ability to manufacture fibre 
conforming with this requirement. In the case of the 0,33 ps/m mask, the requirement is the 
same over the whole range from 0 µm to 23 µm creating a “flat” mask. 

IEC 60793-1-49 can be used to ensure a minimum effective modal bandwidth-length product, 
when using sources meeting appropriate restrictions. When the launch condition requirements 
on the transmitters are coupled to the DMD requirements on the fibre, a balance can be 
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 µm 
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 µm 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 RINNER 
µm 

ROUTER 
µm 

1 7 13 

2 9 15 

3 11 17 

4 13 19 

 

These interval masks screen out fibres having DMD that changes too rapidly over short radial 
ranges. Fibres passing this screen have lower inter-symbol interference than those that do not. 

D.2 A1a.2 fibre EMBc requirements 

D.2.1 General 

A1a.2 fibres selected using the EMBc method shall meet the requirements of D.2.2. 

D.2.2 Calculated effective bandwidth 

The DMD optical pulse shapes can be weighted by a set of launch distributions to determine a 
corresponding set of EMBc values. The minimum EMBc within this set shall meet the requirement 
of Equation (D.1). 

 km770MHz1Minimum c •≥EMB  (D.1) 

where  

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

NOTE 1 Minimum EMBc is a fibre parameter and its value may not be optimal for use in system models. Refer to 
Annex E for information regarding the corresponding system parameter called the effective modal bandwidth (EMB). 

NOTE 2 Compliance with this minimum EMBc requirement ensures an EMB value of >= 2 000 MHz•km. 

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

Weightings within Table D.3 are provided for DMD measured at 1 µm 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 
position 

ID laser 

r  
µm 

1 2 3 4 5 6 7 8 9 10 

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 2,009102 1,447235 0,007414 0,005637 0,003034 0,925664 0,987184 1,351845 0,65028 0,957203 

5 3,231216 2,376616 0,072928 0,055488 0,029856 1,488762 1,5876 2,174399 1,130599 1,539535 

6 3,961956 3,052908 0,262906 0,20005 0,107634 1,825448 1,946614 2,666278 1,627046 1,887747 

7 3,694686 3,150634 0,637117 0,483667 0,258329 1,702306 1,815285 2,486564 2,044326 1,762955 

8 2,644369 2,732324 1,197628 0,89695 0,458494 1,218378 1,299241 1,780897 2,29172 1,292184 

9 1,397552 2,060241 1,916841 1,402833 0,661247 0,643911 0,686635 0,945412 2,280813 0,790844 

10 0,511827 1,388339 2,755231 1,957805 0,826035 0,238557 0,25585 0,360494 1,937545 0,55938 

11 0,110549 0,834722 3,514797 2,433247 1,000204 0,098956 0,131429 0,163923 1,383006 0,673655 

12 0,004097 0,419715 3,883317 2,639299 1,294439 0,204274 0,327091 0,318712 0,878798 1,047689 

13 0,000048 0,160282 3,561955 2,397238 1,813982 0,529982 0,848323 0,778983 0,679756 1,589037 

14 0,001111 0,047143 2,617093 1,816953 2,50695 1,024948 1,567513 1,383174 0,81236 2,138626 

15 0,005094 0,044691 1,480325 1,296977 3,164213 1,611695 2,224027 1,853992 1,074702 2,470827 

16 0,013918 0,116152 0,593724 1,240553 3,572113 2,210689 2,55506 1,914123 1,257323 2,361764 

17 0,02632 0,219802 0,153006 1,70002 3,618037 2,707415 2,464566 1,511827 1,255967 1,798213 

18 0,036799 0,307088 0,012051 2,240664 3,329662 2,9388 2,087879 0,90833 1,112456 1,059264 

19 0,039465 0,329314 0 2,394077 2,745395 2,73932 1,577111 0,386991 0,879309 0,444481 

20 0,032152 0,268541 0 1,952429 1,953241 2,090874 1,056343 0,11176 0,608183 0,123304 

21 0,019992 0,16697 0 1,213833 1,137762 1,261564 0,595102 0,014829 0,348921 0,012552 

22 0,008832 0,073514 0 0,534474 0,494404 0,55214 0,256718 0,001818 0,15112 0 

23 0,002612 0,021793 0 0,158314 0,146517 0,163627 0,076096 0,00054 0,044757 0 

24 0,000282 0,002679 0 0,019738 0,018328 0,020443 0,009446 0 0,005639 0 

25 0 0 0 0 0 0 0 0 0 0 

 

D.3 A1a.3 fibre DMD requirements 

D.3.1 General 

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, RINNER and ROUTER, 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  
number 

Inner mask DMD (ps/m) for  
RINNER = 5 µm to ROUTER = 18 µm 

Outer mask DMD (ps/m) for  
RINNER = 0 µm to ROUTER = 23 µm 

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 fibres 

Interval number RINNER 
µm 

ROUTER 
µm 

1 7 13 

2 9 15 

3 11 17 

4 13 19 

D.4 A1a.3 fibre EMBc requirements 

D.4.1 General 

A1a.3 fibres selected using the EMBc method shall meet the requirements of D.4.2. See 
Clause D.2 for supporting information. 

D.4.2 Calculated effective bandwidth 

The DMD optical pulse shapes can be weighted by a set of launch distributions to determine a 
corresponding set of EMBc values. The minimum EMBc within this set shall meet the requirement 
of Equation (D.2). 

 km160MHz 4Minimum c •≥EMB  (D.2) 

where  

minimum EMBc 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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