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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 standardi tlon comprising
all national electrotechnical committees (IEC National Committees). The objécN of to promote
international co-operation on all questions concerning standardization in the elee{pi {
this end and in addition to other activities, IEC publishes International Standard
Technical Reports, Publicly Available Specifications (PAS) and Guides (here as "IEC

with the International Organization for Standardization (ISO) i
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical mat
consensus of opinion on the relevant subjects since each
interested IEC National Committees.

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

4) In order to promote international uniformit
transparently to the maximun
between any IEC Publicatiog
the latter.

sittees undertake to apply IEC Publications
&l and regional publications. Any divergence
regional publication shall be clearly indicated in

members of its te
other damage of a

9) Attention is dra e possibility that some of the elements of this IEC Publication may be the subject of
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 sixth edition cancels and replaces the fifth 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) addition of model A1a.4 fibre which supports single wavelength or multi-wavelength
transmission systems in the vicinity of 850 nm to 950 nm.

The text of this standard is based on the following documents:

CDV Report on voting
86A/1771/CDV 86A/1794/RVC
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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, can
be found on the IEC website.

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT — The 'colour inside' logo on the cover i blication indicates
that it contains colours which are consideréd t
understanding of its contents. Users should ther i his)document using a

colour printer.
(@ KGJ\/

&
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OPTICAL FIBRES -

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

1 Scope

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

defined as models A1a.1, A1a.2, A1a.3 and A1a.4. Each of these b isdefined
for two levels of macrobend loss performance that are distinguighed uffix. Those
models with suffix "a" are specified to meet traditional magrobend mance levels.
Those models with suffix "b" are specified to meet enhaneéd M R (i.e. lower loss)

ulti-wavelength

100/140 pm graded index fibre.

Other applications include, but are not ¥ing: short reach, high bit-rate
carrying data, voice and/or video

systems in telephony, distribution and

services; on-premises intra-building \andinter- ¢ fibre installations including data
centres, local area networks \ e ared networks (SANs), private branch
exchanges (PBXs), video; i iplexing-usgsy outside telephone cable plant use, and
Three types of re||'r )

e general require

The following documénts 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.

IEC 60793-1-20, Optical fibres
Fibre geometry

Part 1-20: Measurement methods and test procedures

IEC 60793-1-21, Optical fibres
Coating geometry

Part 1-21: Measurement methods and test procedures

IEC 60793-1-22, Optical fibres
Length measurement

Part 1-22: Measurement methods and test procedures

IEC 60793-1-30, Optical fibres
Fibre proof test

Part 1-30: Measurement methods and test procedures

IEC 60793-1-31, Optical fibres
Tensile strength

Part 1-31: Measurement methods and test prﬁﬁiérfﬁﬁents
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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 method
Chromatic dispersion

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

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

Part 1-47: Mg

IEC 60793-1-47, Optical fibres
Macrobending loss

and test procedures —

IEC 60793-1-49, Optical fibres
Differential mode delay

and test procedures —

IEC 60793-1-50, Optical fip ‘ L methods and test procedures —

IEC 60793-1-51, Opticg rement methods and test procedures —Dry
heat (steady state)tes
IEC 60793-1-52, tj a 52: Measurement methods and test procedures —

IEC 61280-4-~ ibre-optic communication subsystem test procedures — Part 4-1:
ultimode attenuation measurement

3 Terms, definitions
No terms and definitions are listed in this document.

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

e |EC Electropedia: available at http://www.electropedia.org/

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

CPR coupled power ratio
DMD differential mode delay
EF encircled flux

Documents
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EMB effective modal bandwidth

EMB, calculated effective modal bandwidth

LAN local area network

MMF multimode fibre

NA numerical aperture

OFL overfilled launch

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

known as OFL)
PBX private branch exchange
PMD physical medium dependent
ROFL radial overfilled launch
SAN storage area network

5 Specifications

5.1 General

The fibre consists of a glass core with a graded
accordance with IEC 60793-2:2015, 5.1.

5.2 Dimensional requirements

Dimensional attributes and measurem

Atiributes Measurement methods

Cladding diameter IEC 60793-1-20
Core diameterf'/b\ \ IEC 60793-1-20
Claddingmc\l‘f{:ula\ﬂM \ IEC 60793-1-20
Core non=sjrculax IEC 60793-1-20
SN
Core-cladding\co%entriéi{y error IEC 60793-1-20
Primary coating diaM 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

a8 Core diameter is specified at 850 nm = 10 nm with a test specimen length of 2,0 m + 0,2 m and a threshold
value, koores Of 0,025 for A1 fibres except Ala.1b/2b/3b/4b fibres.

Core diameter is specified at 850 nm + 10 nm with a test specimen length of 100 m £ 5 % and a threshold
value, koores Of 0,025 for A1a.1b/2b/3b/4b fibres.
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Table 2 — Dimensional requirements common to category A1 fibres

Attributes | Unit Limits
Core non-circularity % <6
Primary coating diameter — uncoloured 2@ pum 245 + 10
Primary coating diameter — coloured 2@ pum 250 + 15
Primary coating-cladding concentricity error pum <12,5
Fibre length km b

a8 The 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 (um):
400 £ 40

500 £ 50

700 £ 100

900 £ 100

Length requirements vary and should be agreed between supplier ap,d\cu tomer.

gory specifications

Cladding diameter

Cladding non-circularity

Core diameter (

Core-cladding concentricity eIroR_

5.3 Mechanical req
Mechanical attrib

Attiibutes Test methods

Proof te IEC 60793-1-30

Tensile strem\ \ IEC 60793-1-31
Primary coating st%pa\byy IEC 60793-1-32
Stress corrosion susceptibility IEC 60793-1-33
Fibre curl IEC 60793-1-34
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Table 5 — Mechanical requirements common to category A1 fibres

Attributes Unit Limits
Proof stress level GPa >0,692
Average strip forceP N 1,0 < Fayg < 5,0
Peak strip force® N 1,0 < Fpeak < 8,9
Tensile strength (median) for 0,5 m specimen length GPa >3,8
Stress corrosion susceptibility constant ny >18

a

for A1a and A1b fibres. For

dure| may bexspecified by
N\

The proof test value of 0,69 GPa equals about 1 % strain or about 8,8 N force,
the relation between these different units, see IEC TR 62048.

Either average strip force or peak strip force, which are defined in the test proce
agreement between supplier and customer.

5.4

Transmission attributes and measurement methods are give

Transmission requirements

Measurement methods
IEC 60793-1-40
IEC 60793-1-41
IEC 60793-1-43
IEC 60793-1-42
IEC 60793-1-46
IEC 60793-1-47
IEC 60793-1-49

Attenuation coefficient

Modal bandwidth 2-b

Numerical aperture ¢

Chromatic dispersion

Change of optical transmissioh\

Macrobending loss

Differential mode de)eg( K \

For modal banW,
de del4

differential mo
850 nm and is the

Numerical ape
threshold value, k,

re is specified at 850 nm £ 10 nm with a test specimen length of 100 m + 5 % and a
gf 0,05 for A1a.1b/2b/3b/4b fibres.

Differential mode delay is specified with a test specimen length of 1 000 m + 5 % for A1a.2/3/4 fibres. For
A1a.2 fibres, the DMD is measured at 850 nm + 10 nm. For A1a.3 and A1a.4 fibres, the DMD is measured at
850 nm = 2 nm. For A1a.4 fibre, the DMD is also measured at 953 nm + 6 nm.

Specification compliance of chromatic dispersion can be assured by compliance to the
numerical aperture (NA) specification for A1 fibre.

Full document details: IEC 60793-2-10 2017
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Table 7 — Additional transmission attributes
required in sub-category specifications

Attributes

Attenuation coefficient

Modal bandwidth

Chromatic dispersion

Numerical aperture

Macrobending loss

may contain

For attenuation coefficient and modal bandwidth, the sub-category specificatior
8 |ues of the

ibres; for the maximum
which can be used in

The indicated maximum attenuation values appl
cabled attenuation values, reference As made
conjunction with this document.

Care should be taken in writing dual \wavelengthN\bandwidth specifications. It is understood
: i may be related to the bandwidth at
1 300 nm in a way shown\n Fig the refractive index parameter, g, (see
IEC 60793-2:2015, 5. e ‘ and [27], page 255, for similar figures. The
shaded region under t S i an be defined as the dual window area. In this
area, regions X,@ X an

the process. Thai\is,

these two waveleng¥

Due to this optimis
that are not p i

acturing process, there will be combinations of bandwidth
de the shaded region).

1 Under preparation. Stage at the time of publication: ISO/IEC RFDIS 11801-1:2017.
2 Numbers in square brackets refer to the Bibliography. Documents
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Normalised bandwidth at 850 nm (MHz-km)
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Figure 1 — Relation bet

5.5 Environmental requirements
5.5.1 General

Environmental exposure te

e measurements of a
application o

Damp heat IEC 60793-1-50
IEC 60793-1-51
IEC 60793-1-52

IEC 60793-1-53

Dry heat \ N
Changewp}%u%\
Water immers%\‘ \

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

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. Documents
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5.5.2 Mechanical environmental requirements (common to all fibres in category A1)
5.5.2.1 General

These tests are, in practice, the most 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.

5.5.2.2 Strip force

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

Table 10 — Strip force for environmental test

Environment Average strip force Peak strip force
[\

Damp heat 1,03Fav935,0 1,0

Water immersion 1,0 < Favg < 5,0 (\ NS@S N

5.5.2.3 Tensile strength
The following attribute shall be verified following

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

Stress corrosion susceptibility constant, n

Damp heat

v

18

NOTE This requireMoes not apply to hermetically coated fibre.

5.5.3 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.
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Table 13 — Change in attenuation for environmental tests

Environment

Attenuation increase

dB/km
Damp heat 850 <0,20
1300 <0,20
Dry heat 850 <0,20
1300 <0,20
Change of temperature 850 <0,20
1300 <0,20
Water immersion 850 <0,20 (
1300 <0,20 < A ('\

Full document details: IEC 60793-2-10 2017
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Annex A
(normative)

Specifications for sub-category A1a multimode fibres
A.1  General

Annex A contains particular requirements applicable to A1a fibres. Common requirements,
repeated here for ease of reference from the sectional specification, are noted by a clause
entry in the "Reference" column. The "Reference" column also refers to other annexes
containing relevant information on the attribute. Relevant notes from the sectional

specification are not repeated but indicated with a superscript "SS".

Sub-category A1a is a 50/125 um graded index fibre. Four bandwidt
models A1a.1, A1a.2, A1a.3 and A1a.4. All are specified using ove

A1a.3 specifications.

Al1a.1, Al1a.2, A1a.3 and A1a.4 are also s of macrobend loss
performance that are distinguished b ! With suffix "a" (i.e. Ala.1a,
A1a.2a, Al1a.3a, Ala.4a) are specified to d loss performance levels.
: a.4b) are specified to meet

example, purchase orders for A1a fibres
ex A, while purchase orders for A1a.2 may
ere specifications and descriptions apply to all

be filled by A1a.2a or A \
models at Iower p : the gommon portion of the name is stated.

ironmental requirements are common to all and
specified in Tablgs WA: x common and distinguishing transmission requirements

may be filled by any ofj t

A.1 — Dimensional requirements specific to A1a fibres

Attributes Unit Limits Reference
Cladding diameter um 125+ 1
Cladding non-circularity % <1
Core diameter SS um 50+2,5
Core-cladding concentricity error um <2
Core non-circularity % <6 5.2
Primary coating diameter — uncoloured SS um 245 + 10 5.2
Primary coating diameter — coloured SS um 250 + 15 5.2
Primary coating-cladding concentricity error pum <12,5 5.2
Length km (see 5.2) 5.2
S8 See notes in the main body of this sectional specification.
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A.3 Mechanical requirements
Table A.2 contains the mechanical requirements specific to A1a fibres.

Table A.2 — Mechanical requirements specific to A1a fibres

—-17 -

Attributes Unit Limits Reference

Proof stress level SS GPa > 0,69 5.3

Average strip force SS N 1,0 < Fayg < 5,0 5.3

Peak strip force SS N 1,0 < Fpeak < 8,9 5.3

ss ; ; ; ; P

See notes in the main body of this sectional specification. TN
A.4 Transmission requirements
Table A.3 contains transmission requirements specific to A1a fip
Documents
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Table A.3 — Transmission requirements specific to A1a fibres

Attributes Limits Reference

Fibre model Ala.1 Ala.2 A1a.3 Ala.4
Targeted operational nm 850 850 to 950 Annex E
wavelength(s) 2
Maximum attenuation coefficient dB/km 2,5
at 850 nm
Maximum attenuation coefficient dB/km Not specified 1,8
at 953 nm
Maximum attenuation coefficient dB/km 0,8
at 1 300 nm
Minimum modal bandwidth-length | MHz-km 500 1 500 3 500 50
product for overfilled launch at et Claus

ss
850 nm R D(5\
Minimum modal bandwidth-length | MHz-km Not specified 18
product for overfilled launch at eetClau
953 nm S8 /\ DY
Minimum modal bandwidth-length | MHz-km 5 AN
product for overfilled launch at
1 300 nm
Minimum effective modal MHz-km Not 00 4~ %Q0 4 700 Annexes
bandwidth-length product at specified |Medt Clduse |Medt Cla Meet D,E,F, G
850 nm SS . \ Clause D.5

r g or
(\‘ Clause 0.2 NCla 4

Minimum effective modal MHz-km Not ecifw 2 470 Annexes
bandwidth-length product at Meet Clause| D.E.F, G
953 nm SS D.5

Numerical aperture SS (\ Dimen-

\Oimer /\\Q \Mo +0,015

Maximum |Bending Nuw “dB \\a\1a |Na.23 | Ala.3a Ala.4a

N R ~~tflax at 850 nm / 1 300 nm
bending

loss P 37,5 mg/\ }S}O Q > 0,5/0,5

15 mm 2 N\ 1,0/1,0

Bending mN dBAN\A1a1b | Ata2b A1a.3b Ala.4b
Tl 118 \\/ Max at 850 nm / 1 300 nm

37, 00 0,5/0,5

15mm N A 0,1/0,3

<7\5\@q NERN 0,2/05

Zero dispersﬁw@en tW nm 1295<33<1340° 1297 < p <

=y

13284
Zero dispersion slope,ka/ ps/nm2. Sop < 0,105 from Sp <
km 1295 nm < g < 1 310 nm, and 4 (-103) /
< 0,000 375 (1 590 — Aq) from (840 (1 -

(1,/840)%)) ¢

1310 nm < 29 <1340 nm ©

a8 Targeted operational wavelength(s) is informative.

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

¢ The worst case chromatic dispersion coefficient at 850 nm (e.g. Sg = 0,093 75 ps/nm?-km at 25 = 1 340 nm or
So =0,101 25 ps/nm2-km at Ao = 1320 nm) is =104 ps/nm-km.

The coordinate that generates the worst-case dispersion for operating wavelengths from 840 nm to 1 000 nm is
Ao =1328 nm, Sg = 0,093 477 ps/nmz-km. The worst case chromatic dispersion coefficient at 850 nm is

—98,5 ps/nm-km.

SS See notes in the main body of this sectional specification.

A.5 Environmental requirements
The requirements of 5.5 shall be met. Documents
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Annex B
(normative)

Specifications for sub-category A1b multimode fibres
B.1 General

Annex B contains particular requirements applicable to A1b fibres. Common requirements,
repeated here for ease of reference from the sectional specification, are noted by a clause
entry in the "Reference" column. Relevant notes from the sectional specification are not

repeated but indicated with a superscript "SS".

Sub-category 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.

Attributes Reference

Cladding diameter

Cladding non-circularity % /

. O

Core diameter SS < m{ C K

Core-cladding concentricity error > u

Core non-circularity ( 9 \ <6 5.2

Primary coating diameter — un}dl‘wredﬁ\\ m\ \ 245 + 10 5.2

Primary coating diameter cobu\red\ﬁ 5 \\/ 250 + 15 5.2
i y ing di = pum + .

Primary coating-cladding 40W err&{ \@\/ <12,5 5.2

Length SS

S8 See notes in the\é b Mh%c}i}q@ §ecification.

B.3 Mechanic egquirements

Attributes Reference
Proof stress level SS GPa > 0,69 5.3
Average strip forceSS N 1,0<F, <50 5.3
Peak strip force SS N 1,0 < Flon < 8,9 5.3

S8 See notes in the main body of this sectional specification.

B.4 Transmission requirements

Table B.3 contains transmission requirements specific to A1b fibres.
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Table B.3 — Transmission requirements specific to A1b fibres

Attributes Unit Limits Reference
Maximum attenuation coefficient at 850 nm dB/km 3,0
Maximum attenuation coefficient at 1 300 nm dB/km 1,0
Minimum modal bandwidth at 850 nm MHz-km 200
Minimum modal bandwidth at 1 300 nm MHz-km 500
Numerical aperture S8 Dimensionless 0,275 + 0,015
Maximum macrobending loss dB 0,5
100 turns on bending radius of 37,5 mm
at wavelengths 850 nm and 1 300 nm 2 /\
Zero dispersion wavelength, ig nm 1320< 4, <1 36{N
Zero dispersion slope S, ps/nm2-km -

— from 1 320 nm <A< 1348 nm
— from 1 348 nm <A< 1 365 nm

<0,11°
< 0,001 Y1 458 )

D

b

-125 ps/nm-km.
S

See notes in the main body of this sectional specification.

@ The launch condition for the macrobending loss measurement shall

ihed inEC 61280-4-1.
o = 1348 nm) is

B.5 Environmental requirement

The requirements of 5.5 shall be met.

@

Full document details: IEC 60793-2-10 2017
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Annex C
(normative)

Specifications for sub-category A1d multimode fibres

C.1 General

Annex C contains particular requirements for A1d fibres. Common requirements, repeated
here 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".

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

C.2 Dimensional requirements

Attributes i Limits Reference

/17101

Cladding diameter

Cladding non-circularity % (\ %4/\ \
N
Core diameter S8 ﬁ\m < < QOO\_‘-% )\/
Core-cladding concentricity error pm <\%\/
Core non-circularity "(g ~ \56 5.2

Primary coating diameter — un{(xf\ol{redﬁ\ uh\ \\ \ 245 + 10 5.2

Primary coating diameter —f\colo ed\si u}\ 3\/ 250 + 15 5.2

Primary coating-cladding @W\ b\\\/ <12,5 5.2
error

Length SS \ (see 5.2) 5.2

SS$ See notes in the/mgg\bo}y\of\hks Me0|flcatlon

Attributes Unit Limits Reference
Proof stress level S8 GPa > 0,69 5.3
Average strip forceSS N 1,0<F, <50 5.3
Peak strip force SS N 1,0 < Flon < 8,9 5.3
S8 See notes in the main body of this sectional specification.

C.4 Transmission requirements

Table C.3 contains transmission requirements specific to A1d fibres.
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Table C.3 — Transmission requirements specific to A1d fibres

Attributes Unit Limits Reference
Maximum attenuation coefficient at 850 nm [dB/km 3,5t07,0
a
Maximum attenuation coefficient at dB/km 1,5t0 4,5
1300 nm?2
Minimum modal bandwidth at 850 nm 2 MHz-km 10 to 200
Minimum modal bandwidth at 1 300 nm 2 MHz-km 100 to 300
Numerical aperture SS Dimensionless 0,26 + 0,03 or
0,29 + 0,03 Vi
Maximum macrobending loss dB For further study /\&
Zero dispersion wavelength, 4, nm 1330 < 4,<1 )
Zero dispersion slope S ps/nm2-km \/
— from 1 330 nm < 4, < 1 365 nm <0,105
— from 1 365 nm < 4, < 1 385 nm ?@SN
N

a8 The limit column forms a range of values that may be specifi
b The worst case chromatic dispersion coefficient at 850 nm ( 0= 0,105 ps 2.k %o = 1365 nm)is

—126 ps/nm-km. 6
S8 See notes in the main body of this section@in tion.

C.5 Environmental requirements %

The requirements of 5.5 he

S
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Annex D
(normative)

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

bandwidth (OMB_.) requirements

D.1 A1a.2 fibre DMD requirements

D.1.1 General

A1a.2 fibres selected using the DMD mask method shall meet the require
D.1.3. The radial limits, Rjyyer @nd Royter. Were established for transg

requirements of Clause E.4.

ments of D.1.2 and
s meeting the

Refer to Annex E for information regarding effective modal bandwid

D.1.2 DMD templates

A1a.2 fibres shall meet at least one of the six templates ir . of which includes
an inner and outer mask requirement, when measured acc i

Template Inner mask DMD (ps/m) for Quter mask DMD (ps/m) for
number =5 um to R, =18 um =0 um to R =23 pum

INNER OUTER INNER OUTER

re ifustrated in Figure D.1. In this figure, the allowable DMD
60793-1-49) is plotted versus the radial offset position of the
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Outer mask Inner mask Outer mask Outer mask Inner mask Outer mask
- Inner mask floats < Inner mask floats
w g inside outer mask g wle 1 inside outer mask A | €
'_ [%2] (2] '_ ~ ~
<< e o < |38 2
J| o o _
[ I 0,23 ps/m ~ [ 0,26 ps/m =
E o o E S [ 15
= I I -

. /R . R — - - R i
' t t + t t t t
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

~ L i © Inner mask floats
inside outer mask

w|E 0,24 ps/m £ w [e 1 I'e
Ela @ >l I B
5 Q Q i o 0.27 ps/ o
oal3 Inner mask floats 2 o |2 </ psim 8
= | s inside outer mask = = | 3
11} [T}
= v =

0 é 1‘0 1’5 18 2‘0 23 0 é ‘ 1’5 16\2y 23
Radial offset (um) éhakket m)
AN N\
Outer mask Inner mask Outer mask Outer mask Inn ask Outer mask
I Inner mask floats o &\M

™ ©
w g inside outer mask w
<|2 <
il P 0,25 ps/m g /(7 33 p
[aEy 15}
E s | W —
" “i““i““vr“‘i‘/\\'_ {\(>h\>\r\
0 5 10 15 18 0 \< 0 w 10 15 18 20 23
Radial offset (um) Radial offset (um)
IEC
The "floating" characte also illustrated in Figure D.1. In this figure,
the inner mask (5 m positioned vertically (temporally) anywhere within the
outer mask (0 M \ is Wore tightly constrained in the inner mask to allow
for looser tolerancé ask>providing for improved ability to manufacture fibre

conforming to thisAce S hevcase of the 0,33 ps/m mask, the requirement is the

contributed by “several different fibre manufacturers and laser transmitters from several
different source mandfacturers, 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 [1 to 12].

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

D.1.3 DMD interval masks

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

Interval Rinner Router
number um um

1 7 13

2 9 15

3 11 17

4 13 19

over short radial
*those that do

These interval masks screen out fibres having DMD that change too rapidl
ranges. Fibres passing this screen have lower inter-symbol interference
not.

D.2 A1a.2 fibre EMB. requirements

D.2.1 General

D.2.2 Calculated effective bandwidth

The DMD optical pulse shapes can be weighted b
corresponding set of EMB, values. The minimu

the requirement of Equation (D.1):

where

minimum EMB, is

NOTE 1 Minimum@
models. Refer to An E

modal bandwidth" (EMB

Weightings w A e DY provided for DMD measured at 1um radial intervals starting
from the P ) for ten simulated lasers with encircled flux (EF) metrics that
correspa actual lasers. The DMD weightings in Table D.3 are specific to
sources m ecjfications of Clause E.4.
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Table D.3 — DMD weightings

Radial position Laser ID

IEC 60793-2-10:2017 © IEC 2017

Full document details: IEC 60793-2-10 2017

» (um) 1 2 3 4 5

0 0 0 0 0 0

1 0,033 023 0,023 504 0 0 0

2 0,262 463 0,188 044 0 0 0

3 0.884 923 0,634 634 0 0 0

4 2,009 102 1,447 235 0,007 414 0,005 637 0,003 034
5 3,231 216 2,376 616 0,072 928 0,055 488 0,029 856
6 3,961 956 3,052 908 0,262 906 0,200/Q5\§ 0.107 634
7 3,694 686 3,150 634 0,637 117 0,48 667 0\,{58 329
8 2,644 369 2,732 324 1,197 628 6\89\6@5\ \%45}494
9 1,397 552 2,060 241 1,916 841 /\1\4\6,(85% 661 247
10 0,511 827 1,388 339 2,755 231 \ 1&5?305\ 0,826 035
11 0,110 549 0,834 722 3,514 797 N&M > 1,000 204
12 0,004 097 0,419 715 3,)%‘§3 317 2,639\2@9 1,294 439
13 0,000 048 0,160 282 3156105 2,39%/538 1,813 982

e,
14 0,001 111 0047443 N\ 26173 ( ) _ 816 953 2,506 95
15 0,005 094 0,044 691 1\{80 3\2Q ) 1,296 977 3,164 213
16 0,013 918 0,11§A§Q 0,5§‘3\724 1,240 553 3,572 113
17 0,026 32 0,21@ 807\ \Q\rﬁg o}s 1,700 02 3,618 037
18 0,036 795 /03307088 ob}z 051 2,240 664 3.329 662
19 0,03&46%\ N or.ng\éQ\ ) 0 2,394 077 2,745 395
20 o,oi\z 1 6\6\541 0 1,952 429 1,953 241
21 { 019992 (| \o0.18g 98 0 1,213 833 1,137 762
22 0<0’0\s\8 Q073 54 0 0,534 474 0,494 404
23 /b@@gm\z\ 0,@1 793 0 0,158 314 0,146 517
24 \),&\0 2 07002 679 0 0,019 738 0,018 328
25 \\\ (\ 0 0 0 0
Documents
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Radial position Laser ID

» (um) 6 7 8 9 10
0 0 0 0 0 0
1 0,015 199 0,016 253 0,022 057 0,010 43 0,015 681
2 0,120 91 0,129 011 0,176 39 0,083 496 0,124 978
3 0,407 702 0,434 844 0,595 248 0,281 802 0,421 548
4 0,925 664 0,987 184 1,351 845 0,650 28 0,957 203
o 1,488 762 1,587 6 2,174 399 1,130 599 1,539 535
6 1,825 448 1,94 661 4 2,666 278 1,627 046 1,887 747
7 1,702 306 1,815 285 2,486 564 2,044 326 N 1,762 955
8 1,218 378 1,299 241 1,780 897 2,2@ ~ \292 184
9 0,643 911 0,686 635 0,945 412 2@’8\\ 3 0,7§({844
10 0,238 557 0,255 85 0,360 494 1,§§7 E\Qs 0\650 38
11 0,098 956 0,131 429 0,163 923 138300, N_0.673 655
12 0,204 274 0,327 091 0,318 71& \), 798 \ 1,047 689
13 0,529 982 0,848 323 0,776 983 6\6@\7%\/ 1,589 037
14 1,024 948 1,567 513 1(383 (174 081236 2,138 626
15 1,611 695 2,224,027 ( \é&s/g 2 /\ \5074 702 2,470 827
16 2,210 689 2,5{5 c%\ X (914 4\%3 N )\/1,257 323 2,361 764
17 2,707 415 2,464:5@ 1,3\1{ 82~ 1.255 967 1,798 213
18 2,938 8 2,08(5 879 \}»gos\sg 1,112 456 1,059 264
19 2,739 32\ /1.@5\1 1 1\ (}3\%961 0,879 309 0,444 481
20 2,090 83\ \( 1,0&N§te\ - M1 76 0,608 183 0,123 304

N

21 1,241\3@4 Qﬁ\){m\z\ 0,014 829 0,348 921 0,012 552
22 /\stg 14 > O,ESQ%Q > 0,001 818 0,151 12 0
23 \,o/)s{\sg;\ 0\ 767)96 0,000 54 0,044 757 0
24 /Q\,ng }&Q \/()Tog 446 0 0,005 639 0
25 \ \0 N_"0 0 0 0

A1a.3 fibres selected using the DMD mask method shall meet the requirements of D.3.2 and
D.3.3. See Clause D.1 for supporting information. The radial limits, R\ngr and Royter. Were

established for transmitters meeting the requirements of Clause E.4.
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 according to 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 Rinner = 5 um to Ry yreg = 18 pm Rinner = 0 um to Ry yrgg = 23 pm
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 offse
Table D.5 when measured according to IEC 60793-1-49.

intervals given in

Table D.5 — DMD interval masks for A1a.3 fi "

Interval R
number

D.4.1 General

D.4.2 CaIcuI Ffe
The DMD optical pu s

corresponding set g

minEMB, = 4 160 MHz-km (D.2)

where

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

D.5 A1a.4 fibre modal bandwidth requirements

D.5.1 General

A1a.4 fibres shall meet the requirements of D.5.2 and D.5.3. See the introductory text for
Table D.3 in D.2.2 for supporting information.

D.5.2 Calculated effective modal bandwidth

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

the requirement of Equations (D.3) and (D.4):

minEMB, > 4 160 MHz-km at 850 nm (D.3)

minEMB, > 2 190 MHz-km at 953 nm Docﬁ)rﬁents
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