IEC 62496-2:2017-05(en)

IEC 62496-2

Edition 1.0 2017-05

INTERNATIONAL
STANDARD

colour
inside

Optical circuit boards — Basic test and measurement procedures —
Part 2: General guidance for definition of measurement conditions for optical
characteristics of optical circuit boards



https://standards.iteh.ai/catalog/standards/iec/7b653188-df9b-4d55-8564-99ea3fea3fcc/iec-62496-2-2017

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2017 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20

Switzerland www.iec.ch

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigenda or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue

The stand-alone application for consulting the entire
bibliographical information on IEC International Standards,
Technical Specifications, Technical Reports and other
documents. Available for PC, Mac OS, Android Tablets and
iPad.

IEC publications search - www.iec.ch/searchpub

The advanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee,...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and
also once a month by email.

Electropedia - www.electropedia.org

The world's leading online dictionary of electronic and
electrical terms containing 20 000 terms and definitions in
English and French, with equivalent terms in 16 additional
languages. Also known as the International Electrotechnical
Vocabulary (IEV) online.

IEC Glossary - std.iec.ch/glossary

65 000 electrotechnical terminology entries in English and
French extracted from the Terms and Definitions clause of
IEC publications issued since 2002. Some entries have been
collected from earlier publications of IEC TC 37, 77, 86 and
CISPR.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or
need further assistance, please contact the Customer Service
Centre: csc@iec.ch.


mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
https://standards.iteh.ai/catalog/standards/iec/7b653188-df9b-4d55-8564-99ea3fea3fcc/iec-62496-2-2017

IEC 62496-2

Edition 1.0 2017-05

INTERNATIONAL
STANDARD

colour
inside

Optical circuit boards — Basic test and measurement procedures —
Part 2: General guidance for definition of measurement conditions for optical
characteristics of optical circuit boards

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 33.180.01 ISBN 978-2-8322-4404-3

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://standards.iteh.ai/catalog/standards/iec/7b653188-df9b-4d55-8564-99ea3fea3fcc/iec-62496-2-2017

-2 - IEC 62496-2:2017 © IEC 2017

CONTENTS

O T L I S 4
LN 75 1 L@ 1 ] P 6
1 ST oo ] o 1T PO PSPPSR 7
2 NOIMALtIVE FEFEIENCES ... 7
3 Terms and definitioNs ... 7
4  Measurement definition system for optical circuit boards ... 9
4.1 LT =Y o 1Y - | PP 9
4.2 Measurement definition system requirements............cccooiiiiiiiiiiici i 9
4.2.1 A CCUTACY ittt ettt 9
4.2.2 ACCOUNTADITITY «.oeee 9
4.2.3 o= o Lo Y P 10
4.2.4 1070 ] 1V 7=T o1 1= o [o] - PP 10
4.2.5 INAEPENAENT ..o e 10
4.2.6 SCaAlADIE .. e 10
4.2.7 Customised requIiremMents ... ... e 10
4.2.8 Prioritised SIrUCIUre ..o 10

4.3 Measurement definition criteria ..., 10
4.3.1 LT aT=Y = | PP 10
4.3.2 Source characteristiCs ... 11
4.3.3 Launch CONAItiONS ... ...iuiii e 11
4.3.4 Input coupling CONAItIONS .. ..o 14
4.3.5 Output coupling conditionS ... 15
4.3.6 Capturing CoONAItioONS .. ..oui e 16

4.4 Launch and capturing position ... ... 16
4.5 Launch and capture dir€CtioN .........ciiiiiii e 17

5 Measurement identification code ... 19
5.1 L= a1 =Y S 19
5.2 Measurement identification code construction ... 19
5.2.1 GBIl L 19
5.2.2 AAA — Source characteristiCs........ooiiiuiiiiii 19
5.2.3 BBB(b1) — Launch conditions..........ooouiiiiiiii e 19
5.2.4 CCC — Input coupling ConditioNS ........ccuiiiiii e 20
5.2.5 DDD — Output coupling conditions ..o 20
5.2.6 EEE — Capturing CONditioNS .......couiiiiiiiiiii e 20

5.3 Extended measurement identification code with customisation parameters ........... 20
5.3.1 GBNETAl e 20
5.3.2 Customisation parameters with placeholders ...............cooiiiiii i 20

5.4 Reference MeasUrEmMENtS ... 21
5.5 Coordinate table AAA — Source characteristics .........coooeiiiiiiiiiii e, 21
5.5.1 Mandatory Parameters .. ... 21
5.5.2 Customisation ParamMeters ........couiiiiiiie e 21

5.6 Coordinate table BBB — Launch conditionS...........coiiiiiiiiiiiiiiie e, 24
5.6.1 Mandatory parameter.... ..o 24
5.6.2 Customisation ParamMeters ........couiiiiiiie e 24

5.7 Coordinate table CCC — Input coupling conditions............cooiiiiiiiie 27


https://standards.iteh.ai/catalog/standards/iec/7b653188-df9b-4d55-8564-99ea3fea3fcc/iec-62496-2-2017

IEC 62496-2:2017 © IEC 2017 -3-

5.7.1 Mandatory Parameters .. ... 27
5.7.2 Customisation ParamMeters .. ..o 27
5.8 Coordinate table DDD — Output coupling conditions .............coooiiiiiiiiiiiieeen 29
5.8.1 Mandatory Parameters .. ... 29
5.8.2 Customisation ParamMeters .. ..o 29
5.9 Coordinate table EEE — Capturing conditions...........ccoiiiiiiiiiiiii e, 31
5.9.1 Mandatory ParameEters ... ..o 31
5.9.2 Customisation parameters ... .. ... 31
510 Examples of deployment ... 34
5.10.1 GBIl L. 34
5.10.2 MIC-042-113(400)-001-001-112 (integrating sphere device details

including supplier and model NUMDBEr)...... ..o 34

5.10.3 MIC-072-123(205)-053(1.56, X,X)-001-042 (integrating sphere device
details including supplier and model number) ..o 34

5.10.4 Fast polarisation axis: MIC-091-072(150)-042(1.53, 25, -30)-051-004;
slow polarisation axis: MIC-091-072(75)-042(1.53, 25, -120)-051-004 ........... 35
Annex A (informative) State of the art in optical interconnect technologies........................... 36
A.1 Diversity of optical interconnect technologies............c.cooiiiiiiiiiii i, 36
A.2 Fibre-optic circuit laminates ... .. ..o 36
A.3 POlYMeEr WaVeQUIAES . .uiie e e e e e 36
A4 Planar glass WaVvVegUIdES ......ccuiiiiiii e en 36
A.5 Free SPaCe OPIiCS tiuiii i 37
A.6 Target appliCations ... 37
(271 oY [ 1o =T o] ¢ VPPN 38
Figure 1 — Optical circuit board varieties ..o 6
Figure 2 — Recommended test setup for single-mode fibre launch conditions........................ 13
Figure 3 — Recommended test setup for multimode fibre launch conditions........................... 13
Figure 4 — Cross-sectional views of channel under test at input ..., 15
Figure 5 — Cross-sectional views of the channel under test at output ......................con. 16
Figure 6 — Measurement setup with collinear launch and capture direction ........................... 17
Figure 7 — Measurement setup with orthogonal launch and capture direction........................ 18
Figure 8 — Measurement setup with oblique launch and capture direction ............................. 18
Figure 9 — Measurement identification code construction ...............ccoooiiiiiiii i, 19
Figure 10 — Reference measurements with the same MIC ..., 21
Table 1 — Recommended modal launch profiles ..., 12
Table 2 — AAA coordinate reference for source characteristics ...........ccoocoiiiiiiiiiiinnn . 22
Table 3 — BBB coordinate reference for launch conditions ...........cccocoiiiiiiiiiici 25
Table 4 — CCC coordinate reference for input coupling conditions ..., 28
Table 5 — DDD coordinate reference for output coupling conditions ..., 30

Table 6 — EEE coordinate reference for capturing conditions ..............cooiiiiiiiiiieeeee, 32


https://standards.iteh.ai/catalog/standards/iec/7b653188-df9b-4d55-8564-99ea3fea3fcc/iec-62496-2-2017

9)

-4 - IEC 62496-2:2017 © IEC 2017

INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL CIRCUIT BOARDS -
BASIC TEST AND MEASUREMENT PROCEDURES -

Part 2: General guidance for definition of measurement conditions for
optical characteristics of optical circuit boards

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 62496-2 has been prepared by IEC technical committee 86: Fibre
optics.

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

CbhV Report on voting
86/509/CDV 86/515/RVC

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

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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A list of all parts in the IEC 62496 series, published under the general title Optical circuit
boards — Basic test and measurement procedures, can be found on the IEC website.

Future standards in this series will carry the new general title as cited above. Titles of existing
standards in this series will be updated at the time of the next edition.

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,
o replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.

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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INTRODUCTION

Bandwidth densities in modern data communication systems are driven by interconnect
speeds and scalable input/output (I1/0) and will continue to increase over the coming years,
thereby severely impacting cost and performance in future data communication systems,
bringing increased demands in terms of signal integrity and power consumption.

The projected increase in capacity, processing power and bandwidth density in future
information communication systems will need to be addressed by the migration of embedded
optical interconnects into system enclosures. In particular, this would necessitate the
deployment of optical circuit board technologies on some or all key system cards, such as the
backplane, motherboard and peripheral circuit boards.

Many varieties of optical circuit board technology exist today, which differ strongly from each
other in terms of their intrinsic waveguide technology. As shown in Figure 1, these varieties
include, but are not limited to: a) fibre-optic laminate, b) polymer waveguides and c) planar
glass waveguides. Annex A provides a detailed overview of the state of the art of such optical
interconnect technologies.

IEC IEC IEC

a) Fibre-optic laminate b) Polymer waveguides c) Planar glass waveguides

Figure 1 — Optical circuit board varieties

One important prerequisite to the commercial adoption of optical circuit boards is a reliable
test and measurement definition system that is agnostic to the type of waveguide system
under test and, therefore, can be applied to different optical circuit board technologies as well
as being adaptable to future variants. A serious and common problem with the measurement
of optical waveguide systems has been lack of proper definition of the measurement
conditions for a given test regime, and consequently strong inconsistencies ensue in the
results of measurements by different parties on the same test sample. To date, no
methodology has been established to ensure that test and measurement conditions for such
optical waveguide systems are properly identified.

This document specifies a method of capturing sufficient information about the measurement
conditions for a given optical circuit board to ensure consistency of measurement results
within an acceptable margin.

Given the substantial variety in properties and requirements for different optical circuit board
types, some test environments and conditions are more appropriate than others for a given
optical circuit board. It is, therefore, crucial that this measurement identification standard
encompass a comprehensive range of test and measurement scenarios for all known types of
optical circuit boards and their waveguide systems, while also being sufficiently adaptable and
extendable to accommodate future waveguide technologies. In addition, a degree of
customisation is possible to account for arbitrary test parameters.
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OPTICAL CIRCUIT BOARDS -
BASIC TEST AND MEASUREMENT PROCEDURES -

Part 2: General guidance for definition of measurement conditions for
optical characteristics of optical circuit boards

1 Scope

This part of IEC 62496 specifies a method of defining the conditions for measurements of
optical characteristics of optical circuit boards. The method comprises the use of code
reference look-up tables to identify different critical aspects of the measurement environment.
The values extracted from the tables are used to construct a measurement identification code,
which, in itself, captures sufficient information about the measurement conditions, so as to
ensure consistency of independently measured results within an acceptable margin.
Recommended measurement conditions are specified to minimise further variation in
independently measured results.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 61300-1, Fibre optic interconnecting devices and passive components — Basic test and
measurement procedures — Part 1: General and guidance

IEC 61300-3-53, Fibre optic interconnecting devices and passive components — Basic test
and measurement procedures — Part 3-53: Examinations and measurements — Encircled
angular flux (EAF) measurement method based on two-dimensional far field data from step
index multimode waveguide (including fibre)

IEC 62614, Fibre optics — Launch condition requirements for measuring multimode
attenuation

IEC 62496-2-1:2011, Optical circuit boards — Part 2-1: Measurements — Optical attenuation
and isolation

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 62496-2-1 and the
following apply.

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
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3.1

optical channel measurement identification code

MIC

numerical code used to capture sufficient information about the measurement conditions on a
waveguide under test in an optical circuit board, such as to ensure independent repeatability
of the measurement and consistency of measured results on an identical sample

3.2
optical channel under test
optical circuit board channel subjected to test and measurement regime

3.3

parabolic profile parameter

parameter which describes the refractive index profile of waveguide according to the following
equation

1247
n(r) = nq41- A(;] r<a

n4/1-24 r>a

where

g is the parabolic profile parameter;

a is the core radius;

r is the radial distance from core centre;

nq is the refractive index at r = 0;

4 is given by the relation 4= (n12 —nzz)/2n12, where n4 again is the refractive index at » = 0,
i.e. at the axis, and n, is the refractive index at the outer edge of the core, i.e. atr=a

3.4

launch conduit

structure or mechanism which guides light from the measurement test source to the input
facet of the optical channel under test

Note 1 to entry: Examples include optical fibres, optical waveguides or optical trains.

3.5

capturing conduit

structure or mechanism which guides light from the output facet of the optical channel under
test to a measurement device

3.6

top input axis of channel under test

axis defined by the tester within the plane of the input facet used as a reference, against
which the polarisation axis of the launch conduit can be defined

3.7

top output axis of channel under test

axis defined by the tester within the plane of the output facet used as a reference, against
which the polarisation axis of the capturing conduit can be defined

3.8

polarisation maintaining optical fibre

single-mode optical fibre in which linearly polarized light, if properly launched into the fibre,
maintains a linear polarisation during propagation, exiting the fibre in a specific linear
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polarisation state with little or no cross-coupling of optical power between the two polarisation
modes

Note 1 to entry: Such fibre is used in special applications where preserving polarisation is essential and is
characterised by a fast axis and a slow axis.

3.9

refractive index matching material

compliant or fixed material with a refractive index equal to the refractive index of the core of
the channel under test at the measurement wavelength and measurement conditions, which,
unless otherwise stated, is the standard atmospheric conditions as according to IEC 61300-1

3.10

refractive index damping material

compliant or fixed material with a refractive index within 0,05 of the refractive index of the
core of the channel under test at the measurement wavelength and measurement conditions,
which, unless otherwise stated, is the standard atmospheric conditions as according to
IEC 61300-1

4 Measurement definition system for optical circuit boards

4.1 General

A reliable test and measurement definition system for optical interconnect is a crucial
prerequisite for future commercial adoption of optical circuit board technology.

Independent repeatability of waveguide measurements is still very difficult to achieve due to
the lack of clarity on how measurement conditions are specified.

Therefore, such a definition system shall capture sufficient information about the
measurement conditions to ensure that the results of measurement on an identical test
sample by independent parties will be consistent within an acceptable margin of error.

Given the large number of measurement parameter permutations possible, the amount of
information required to describe sufficiently the measurement conditions is prohibitive. It
would be impractical for testers to provide a full textual description for each type of
measurement, especially in situations where optical circuit boards are subjected to a variety
of different measurement regimes, for instance, as part of a comprehensive quality assurance
regime in a commercial optical circuit board foundry.

IEC 62496-2-1 provides details on various types of measurements that can be carried out on
optical circuit boards.

4.2 Measurement definition system requirements
4.2.1 Accuracy

The measurement definition system shall capture sufficient information to ensure variability in
independently measured results within an acceptable margin.

4.2.2 Accountability

The measurement definition system shall force testers to be accountable to provide sufficient
information about the measurement conditions. The system shall therefore comprise a
formalised framework to capture the required amount of information about the measurement
conditions.
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4.2.3 Efficiency

The measurement definition system shall allow the entirety of the measurement condition
information to be abbreviated into an optical channel measurement identification code (MIC)
such that it can be contained within no more than one line of text.

4.2.4 Convenience

The measurement identification code should be easy to construct and deconstruct using the
references look-up tables in this document.

4.2.5 Independent

The measurement definition system shall be independent of the type of optical circuit board
under test in order to accommodate different varieties of optical interconnect. To this end, the
type of optical channel under test will not be included in the information to be specified; it will
be treated as a "black box" bounded by the input facet and output facet of the optical channel
under test.

4.2.6 Scalable

The measurement definition system shall be scalable to accommodate new measurement
conditions appropriate to existing or as yet unknown optical interconnect types. To this end,
the system will have placeholders to allow easy addition of new information in future.

4.2.7 Customised requirements

Where the parameters of a measurement condition are not explicitly provided in the
corresponding look-up tables, the MIC shall be extendable to accommodate user-defined
parameters.

4.2.8 Prioritised structure

The measurement definition system shall give preference to measurement configurations that
are
e accessible, favouring the use of available and affordable equipment,

e viable, favouring measurements which can be easily carried out by most organisations
without the requirement for specialised or restricted equipment or expertise, and

e useful, favouring measurement of optical channel characteristics, which are most common
and relevant to its deployment and operation, for example insertion loss.

4.3 Measurement definition criteria
4.3.1 General

The measurement definition system shall provide information on the following five critical
aspects of the measurement environment:

e source characteristics (4.3.2);

e launch conditions (4.3.3);

e input coupling conditions (4.3.4);

e output coupling conditions (4.3.5);

e capturing conditions (4.3.6).
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