°
w SLOVENSKI STANDARD

oSIST prEN IEC 60793-1-41:2023
01-junij-2023

Opti¢na vlakna - 1-41. del: Merilne metode in postopki preskusanja - Pasovna
Sirina

Optical fibres - Part 1-41: Measurement methods and test procedures - Bandwidth

Lichtwellenleiter - Teil 1-41: Messmethoden und Prifverfahren - Bandbreite

Fibres optiques - Partie 1-41: Méthodes de mesure et procédures d'essai - Largeur de
bande

Ta slovenski standard je istoveten z: prEN IEC 60793-1-41:2023

ICS:
33.180.10 (Opti¢na) vlakna in kabli Fibres and cables
oSIST prEN IEC 60793-1-41:2023 en

2003-01.Slovenski institut za standardizacijo. RazmnoZevanje celote ali delov tega standarda ni dovoljeno.



oSIST priN IEC 60793-1-41:2023

iTeh STANDARD PREVIEW
(standards.iteh.ai)

oSIST prEN IEC 60793-1-41:2023
https://standards.iteh.ai/catalog/standards/sist/282¢e1{3b-b0dc-4e56-8139-
7b1£d5tb9138/osist-pren-iec-60793-1-41-2023




86A/2302/CDV

COMMITTEE DRAFT FOR VOTE (CDV)

PROJECT NUMBER:
IEC 60793-1-41 ED4

DATE OF CIRCULATION: CLOSING DATE FOR VOTING:
2023-03-31 2023-06-23

SUPERSEDES DOCUMENTS:

86A/2218/CD, 86A/2244A/CC

IEC SC 86A : FIBRES AND CABLES

SECRETARIAT: SECRETARY:

France Mr Laurent Gasca

OF INTEREST TO THE FOLLOWING COMMITTEES: PROPOSED HORIZONTAL STANDARD:
O

Other TC/SCs are requested to indicate their interest, if
any, in this CDV to the secretary.

FUNCTIONS CONCERNED:

[OJ eEmMC [J ENVIRONMENT [J QUALITY ASSURANCE [J SAFeTY

X] SuBMITTED FOR CENELEC PARALLEL VOTING [0 NoT suBMITTED FOR CENELEC PARALLEL VOTING
Attention IEC-CENELEC parallel voting

The attention of IEC National Committees, members of
CENELEQC, is drawn to the fact that this Committee Draft
for Vote (CDV) is submitted for parallel voting.

The CENELEC members are invited to vote through the
CENELEC online voting system.

This document is still under study and subject to change. It should not be used for reference purposes.
Recipients of this document are invited to submit, with their comments, notification of

e any relevant patent rights of which they are aware and to provide supporting documentation,

e any relevant “in some countries” clauses to be included should this proposal proceed. Recipients are

reminded that the enquiry stage is the final stage for submitting "in some countries" clauses. See
AC/22/2007.

TITLE:

Optical fibres - Part 1-41: Measurement methods and test procedures - Bandwidth

PROPOSED STABILITY DATE: 2027

NOTE FROM TC/SC OFFICERS:

Copyright © 2023 International Electrotechnical Commission, IEC. All rights reserved. It is permitted to
download this electronic file, to make a copy and to print out the content for the sole purpose of preparing National
Committee positions. You may not copy or "mirror" the file or printed version of the document, or any part of it, for
any other purpose without permission in writing from IEC.



N =

0 N OO O b~ W

11
12

13
14
15
16
17
18
19
20
21
22

23
24
25
26
27
28

29
30

31
32

33
34
35
36
37
38
39

40
41

42
43
44
45
46

47
48

IEC CDV 60793-1-41/Ed4 © IEC:2023 -2 - 86A/2302/CDV

CONTENTS
FOREWORD ...ttt ettt e e et e e et et e e e e e e e et e e et et aanns
T o 0 o 1= PN
2 NOIMaAtiVe FefEIENCES e
3 Terms and definitioNs . ..o i
Y N o] o T= 1 =1 (U F- PPN
4.1 Radiation SOUICE ..o
4.1.1 Method A — Time domain (pulse distortion) measurement..........................
4.1.2 Method B — Frequency domain measurement ...........ccoooeiiiiiiniiniineenneenn.
4.1.3 Method C - Overfilled launch modal bandwidth calculated from

differential mode delay (OMBC) ....oeiiiii e
4.1.4 Formethods A and B ...
4.2 LaAUNCKR SY S M Lot e
4.2.1  Overfilled 1aunch (OFL) ..o
4.2.2 Restricted mode launch (RML) ...
4.2.3 Differential mode delay (DMD) launch ..........cccooiiiiiiiiiii e
4.3 DeteCtioN SY S M . e e
4.4 ReCOrdiNg SY S eM ...
4.5 Computational eqUIPMENT ...t
4.6 Overall system performancCe .. ... ..o
5  Sampling @nd SPECIMENS .. euiiii e
B TSt SAMPIE o
5.2  REfEreNCe SAmMPIe oo
5.3 ENd face preparation ...
5.4 Test sample PaCKaging. ..o
5.5 Test sample POSItiONINg ...
LT oY o =Y o 11 o - P
6.1 Method A — Time domain (pulse distortion) measurement.................cooiiiiiiineenn.
6.1.1  Output pulse MeasuremMeNt.........ccouiiiiiii e

6.1.2 Input pulse measurement method A-1: reference sample from test
SAMIPIE i e
6.1.3 Input pulse measurement method A-2: periodic reference sample .............
6.1.4 Input pulse measurement method A-3: direct reference ..................coooenil.
6.2 Method B — Frequency domain measurement ..........c.coooeiiiiiiiiniiiniinc e
6.2.1  OUutpUt freqUENCY MESPONSE ...uuieii i
6.2.2 Method B-1: Reference length from test specimen.................cccoiiiinnl,
6.2.3 Method B-2: Reference length from similar fibre ...,
6.2.4 Method B-3: Reference length from direct coupling...........cccooveiiiiiiinnnnn.

6.3 Method C — Overfilled launch modal bandwidth calculated from differential
Mode delay (OMBC) ...
7 Calculations or interpretation of resSults ..........oooiiiiiii i
7.1 -3 dB frEQUENCY, f3 B ---rrrrrrrrsremrrrrmmmmmmaeee e e e e et e e e e e e e e e et e e e e e e e
7.2 Calculations for optional reporting methods ...
Length NOrmMaliZation ... e
O RESUIS e e
9.1 Information to be provided with each measurement ...

9.2 Information available upon request...... ...



49

50
51

52

53

54
55

56
57
58
59
60

61
62

63
64

65

IEC CDV 60793-1-41/Ed4 © IEC:2023 -3- 86A/2302/CDV

10 Specification iNformation ... 16
Annex A (normative) Intramodal dispersion factor and the normalized intermodal

Lo 1E=] =T 1= o o I 110 2 V1 P 17
Annex B (normative) Fibre transfer function, H(f), power spectrum, |H(f)|, and f3 4g-----------. 20
Annex C (normative) Calculations for other reporting methods............ccoooii . 22
Annex D (normative) Mode scrambler requirements for overfilled launching conditions

10 MUIIMOAE fIDrES ..o e 23
=TT o 1o Yo =T o1 1 V2 28
Figure 1 — Mandrel wrapped mode filter ... ..o 10
Figure D.1 — Two examples of optical fibre scramblers ............ccooviiiiiiiiiiiii e, 24

Table 1 — DMD weights for calculating overfilled modal bandwidth (OMBc) from DMD
data for 850 NIM ONIY ..o et 14

Table A.1 — Highest expected dispersion for commercially available A1 fibres ...................... 17



103

104
105

106
107

108
109

110
111

112
113
114

115
116

117

IEC CDV 60793-1-41/Ed4 © IEC:2023 -4 - 86A/2302/CDV

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL FIBRES -

Part 1-41: Measurement methods and test procedures —
Bandwidth

FOREWORD

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.

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.

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.

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.

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.

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

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.

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.

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 60793-1-41 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 2010. This edition
constitutes a technical revision.

The main change with respect to the previous edition is the addition of a “direct reference” for
method A and method B third method for determining modal bandwidth based on DMD data and
to improve measurement procedures for A4 fibres.

This standard should be read in conjunction with IEC 60793-1-1 and IEC 60793-1-2, which
cover generic specifications.
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The text of this standard is based on the following documents:

FDIS Report on voting
86A/1294/CDV 86A/1329/RVD

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 60793-1-4x series, published under the general title Optical fibres
— measurement methods and test procedures, 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 1-41: Measurement methods and test procedures —
Bandwidth

1 Scope

This part of IEC 60793 describes three methods for determining and measuring the modal
bandwidth of multimode optical fibres (see IEC 60793-2-10, IEC 60793-2-30 and IEC 60793-2-
40 series). The baseband frequency response is directly measured in the frequency domain by
determining the fibre response to a sinusoidaly modulated light source. The baseband response
can also be measured by observing the broadening of a narrow pulse of light. The calculated
response is determined using differential mode delay (DMD) data. The three methods are:

Method A — Time domain (pulse distortion) measurement
Method B — Frequency-domain measurement

Method C — Overfilled launch modal bandwidth calculated from differential mode delay
(OMBc)

Methods A and B can be performed using one of two launches: an overfilled launch (OFL)
condition or a restricted mode launch (RML) condition. Method C is only defined for A1-OM3 to
A1-OM5 multimode fibres and uses a weighted summation of DMD launch responses with the
weights corresponding to an overfilled launch condition. The relevant test method and launch
condition should be chosen according to the type of fibre.

NOTE 1 These test methods are commonly used in production and research facilities and are not easily
accomplished in the field.

NOTE 2 OFL has been used for the modal bandwidth value for LED-based applications for many years. However,
no single launch condition is representative of the laser (e.g. VCSEL) sources that are used for gigabit and higher
rate transmission. This fact drove the development of IEC 60793-1-49 for determining the effective modal bandwidth
of laser optimized 50 um fibres. See IEC 60793-2-10:2019 or later and IEC 61280-4-1:2019 or later for more
information.

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

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 60793-1-49:2018, Optical fibres — Part 1-49: Measurement methods and test procedures —
Differential mode delay
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1
bandwidth (-3 dB)

value numerically equal to the lowest modulation frequency at which the magnitude of the
baseband transfer function of an optical fibre decreases to a specified fraction, generally to one
half, of the zero frequency value. The bandwidth is denoted in this document as f3 4g.

NOTE It is known that there can be various calculations, sometimes called markdowns, to avoid reporting extremely
high values associated with “plateaus”. For example the 1,5 dB frequency, multiplied by /2 is one treatment used
in IEC 60793-1-49. If such a calculation is used it should clearly be reported.

3.2

transfer function

discrete function of complex numbers, dependent on frequency, representing the frequency-
domain response of the fibre under test

NOTE Method A determines the frequency response by processing time domain data through Fourier transforms.
Method B can only measure the transfer function if an instrument which measures phase as well as amplitude is
used. Method C is similar to Method A as it uses Fourier transforms in a similar manner. The transfer Function is
denoted in this document as H(f).

3.3

power spectrum

discrete function of real numbers, dependent on frequency, representing the amplitude of the
frequency-domain response of the fibre under test

NOTE Methods A and C determine the power spectrum from the transfer function. Method B determines the transfer
function by taking the ratio of the amplitude measured through the fibre under test and the reference. The power
spectrum is denoted in this document as |H(f)|.

34

impulse response

discrete function of real numbers, dependent on time, representing the time-domain response
of the fibre under test to a perfect impulse stimulus. The impulse response is derived, in all
methods, through the inverse Fourier transform of the transfer function. The impulse response
is denoted in this document as 4(%).

4 Apparatus

4.1 Radiation source
411 Method A — Time domain (pulse distortion) measurement

Use a radiation source such as an injection laser diode that produces short duration, narrow
spectral width pulses for the purposes of the measurement. The pulse distortion measurement
method requires the capability to switch the energy of the light sources electrically or optically.
Some light sources shall be electrically triggered to produce a pulse; in this case a means shall
be provided to produce triggering pulses. An electrical function generator or equivalent can be
used for this purpose. Its output should be used to both induce pulsing in the light source and
to trigger the recording system. Other light sources may self-trigger; in this case, means shall
be provided to synchronize the recording system with the pulses coming from the light source.
This may be accomplished in some cases electrically; in other cases optoelectronic means may
be employed.
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4.1.2 Method B — Frequency domain measurement

Use a radiation source such as a continuous wave (CW) injection laser diode for the purposes
of the measurement. The frequency domain measurement method requires the capability to
modulate the energy of the light sources electrically or optically. Connect the modulation output
of the tracking generator or network analyzer through any required driving amplifiers to the
modulator.

4.1.3 Method C — Overfilled launch modal bandwidth calculated from differential
mode delay (OMBc)

Use a radiation source as described in IEC 60793-1-49.

4.1.4 For methods A and B

Annex A Use a radiation source with a centre wavelength that is known and within + 10 nm of
the nominal specified wavelength. For injection laser diodes, laser emission coupled into the
fibre shall exceed spontaneous emission by a minimum of 15 dB (optical).

Annex B Use a source with sufficiently narrow linewidth to assure the measured bandwidth is
at least 90 % of the intermodal bandwidth. This is accomplished by calculating the normalized
intermodal dispersion limit, NIDL (refer to Annex A). For A4 fibre, the linewidth of any laser
diode is narrow enough to neglect its contribution to bandwidth measurement.

Annex C For A1 and A3 fibres, calculate the NIDL (see Annex A) for each wavelength’s
measurement from the optical source spectral width for that wavelength as follows:

NIDL:E , in GHz-km
AA

where:
AA is the source Full Width Half Maximum (FWHM) spectral width in nm,
IDF is the Intramodal Dispersion Factor (GHz-km-nm) from Annex A according to the

wavelength of the source.

NIDL is not defined for wavelengths from 1 200 nm to 1 400 nm. The source spectral
width for these wavelengths shall be less than or equal to 10 nm, FWHM.

NOTE The acceptability of a NIDL value depends upon the specific user's test requirements. For example, a
0,5 GHz'km NIDL would be satisfactory for checking that fibres had minimum bandwidths greater than some value
less than 500 MHz-km, but would not be satisfactory for checking that fibres had minimum bandwidths greater than
500 MHz-km. If the NIDL is too low, a source with smaller spectral width is required.

Annex D The radiation source shall be spectrally stable throughout the duration of a single
pulse and over the time during which the measurement is made.

4.2 Launch system
4.21 Overfilled launch (OFL)
4211 OFL condition for A1 fibre

Use a mode scrambler between the light source and the test sample to produce a controlled
launch irrespective of the radiation properties of the light source. The output of the mode
scrambler shall be coupled to the input end of the test sample in accordance with Annex D. The
fibre position shall be stable for the complete duration of the measurement. A viewing system
may be used to aid fibre alignment where optical imaging is used.

The OFL prescription in Annex D, based on the allowed variance of light intensity on the input
of the fibre under test, can result in large (>25 %) variations in the measured results for high
bandwidth (>1 500 MHz-km) A1-OM3, A1-OM4 and A1-OM5 fibres. Subtle differences in the
launches of conforming equipment are a cause of these differences. Method C is introduced as
a means of obtaining an improvement.
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Provide means to remove cladding light from the test sample. Often the fibre coating is sufficient
to perform this function. Otherwise, it will be necessary to use cladding mode strippers near
both ends of the test sample. The fibres may be retained on the cladding mode strippers with
small weights, but care shall be taken to avoid microbending at these sites.

NOTE Bandwidth measurements obtained by the overfilled launch (OFL) support the use of category A1 multimode
fibres, especially in LED applications at 850 nm and 1 300 nm. Some laser applications may also be supported with
this launch, but could result in reduced link lengths (at 850 nm) or restrictions on the laser sources (at 1 300 nm).

4.2.1.2 OFL condition for A3 and A4 fibres

OFL is obtained with geometrical optic launch in which the maximum theoretical numerical
aperture of the fibre is exceeded by the launching cone and in which the diameter of the
launched spot is in the order of the core diameter of the fibre. The light source shall be able to
excite both low-order and high-order modes in the fibre equally.

NOTE A mode scrambler excites more or less all modes. Mode excitation is very sensitive to the source/mode
scrambler alignment and the interaction with any intermediary optics such as connectors or optical imaging systems.
A light source with large NA and core diameter will only excite meridional modes or LP, —~modes.

4.2.2 Restricted mode launch (RML)
4.2.21 RML condition for A1-OM1 fibre

The RML for bandwidth is created by filtering the overfilled launch (as defined by Annex D) with
a RML fibre. The OFL is defined by Annex D and it needs to be only large enough to overfill the
RML fibre both angularly and spatially. The RML fibre has a core diameter of 23,5 um + 0,1 um,
and a numerical aperture of 0,208 + 0,01. The fibre shall have a graded-index profile with an
alpha of approximately 2 and an OFL bandwidth greater than 700 MHz-km at 850 nm and 1 300
nm. For convenience, the clad diameter should be 125 um. The RML fibre should be at least
1,5 m in length to eliminate leaky modes; and it should be less than 5 m in length to avoid
transient loss effects. The launch exiting the RML fibre is then coupled into the fibre under test.

Provide means to remove cladding light from the test sample. Often the fibre coating is sufficient
to perform this function. Otherwise, it will be necessary to use cladding mode strippers near
both ends of the test sample. The fibres may be retained on the cladding mode strippers with
small weights, but care shall be taken to avoid microbending at these sites.

NOTE 1 In order to achieve the highest accuracy, tight tolerances are required on the geometry and profile of the
RML fibre. In order to achieve the highest measurement reproducibility, tight alignment tolerances are required in
the connection between the launch RML fibre and the fibre under test to ensure the RML fibre is centred to the fibre
under test.

NOTE 2 Bandwidth measurements obtained by a restricted mode launch (RML) are used to support 1 Gigabit
Ethernet laser launch applications. The present launch is especially proven for 850 nm sources transported over type
A1-OM1 fibres.

4.2.2.2 RML condition for A3 fibre
RML condition for A3 fibre is created with geometrical optic launch which corresponds to launch
NA = 0,3.

Spot size shall be larger or equal to the size of core.

4.2.2.3 RML condition for A4 fibre

The RML for A4 fibre shall correspond to NA = 0,3. It can be created by filtering the overfilled
launch with a mandrel wrapped mode filter, shown in Figure 1. The mode filter shall be made
with the fibre of the same category as the fibre under test. In order to avoid redundant loss, the
length of fibre should be 1 m. The diameter of the mandrel should be 20 times as large as that
of the fibre cladding and the number of coils may be 5.
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NOTE Do not apply any excessive stress in winding fibre on to the mandrel. The wound fibre may be fixed to the
mandrel with an adhesive. Unwound parts of fibre should be set straight.

N
—

N
7 D

OFL-conditionq]

q (1]
N
Figure 1 — Mandrel wrapped mode filter

Fibre-under-testq]

4.2.3 Differential mode delay (DMD) launch

The DMD launch shall comply with the launch requirements of IEC 60793-1-49.

4.3 Detection system

The output optical detection apparatus shall be capable of coupling all guided modes from the
test sample to the detector active area such that the detection sensitivity is not significantly
mode-dependent.

A device shall be available to position the specimen output end with sufficient stability and
reproducibility to meet the conditions of 4.6 below.

An optical detector shall be used that is suitable for use at the test wavelength, linear in
amplitude response, spatially uniform to within 10 %, and sufficiently large to detect all emitted
power. An optical attenuator may be used to control the optical intensity on the detector. It shall
be mode-independent as well.

The detection electronics as well as any signal preamplifier shall be linear in amplitude
response (nonlinearities less than 5 %) over the range of encountered signals.

The detection system for Method C shall comply with the requirements of IEC 60793-1-49.

4.4 Recording system

For the time domain (pulse distortion) measurement (method A), use an oscilloscope suitably
connected to a recording device, such as a digital processor, to store the received pulse
amplitude as a function of time. For temporal measurements, data taken from the oscilloscope
display shall be considered secondary to those derived from the recorded signal.

For the frequency domain measurement (method B), use a tracking generator-electrical
spectrum analyzer combination, scalar network analyzer, vector network analyzer or an
equivalent instrument to detect, display and record the amplitude of the RF modulation signal
derived from the optical detector. This shall be done in such a manner as to reduce harmonic
distortion to less than 5 %.

The recording system for Method C shall comply with the requirements of IEC 60793-1-49.

4.5 Computational equipment

For the time domain (pulse distortion) method (method A) and overfilled launch bandwidth
calculated from differential mode delay (method C) or if impulse response is required from
method B, computational equipment capable of performing Fourier transforms on the detected
optical pulse waveforms as recorded by the waveform recording system shall be used. This



