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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC INTERCONNECTING DEVICES AND PASSIVE
COMPONENTS - SUMMARISING RESULTS OF ROUND ROBIN
ON CONNECTOR END FACE SCRATCH RECOGNITION AND
VERIFICATION BY AUTOMATED MICROSCOPES

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.

IEC TR 63367 has been prepared by subcommittee 86B: Fibre optic interconnecting devices
and passive components, of IEC technical committee 86: Fibre optics. It is a Technical Report.

The text of this Technical Report is based on the following documents:

Draft Report on voting

86B/4492/DTR 86B/4521/RVDTR

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

The language used for the development of this Technical Report is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under 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 page of this document 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

It is known that contamination and scratches on connector end face can result in degradation
of optical performance as described in IEC TR 62627-05. It is important to inspect and clean,
when necessary, each connector before mating with another connector to ensure they are fit
for function. The visual inspection methods and criteria for fibre optic connectors and fibre-stub
transceivers are defined in IEC 61300-3-35. Three different methods can be used for visual
inspection: direct view optical microscopy (method A), video microscopy (method B) and
automated analysis microscopy (method C). All methods are susceptible to system variability:
methods A and B are operator dependent; method C is operator independent but relies on
software analysis for measurement results. The uncertainty inherent to imaging equipment,
processing methods, and detection software can lead to measurement variability among
different brands and even the same types of microscopy. For all methods, the fibre microscopes
can be certified for use in either low- and high-resolution applications with a purpose-built
certification artefact.

There is industry concern about the veracity of the results of the visual inspection of the same
part using different automated inspection equipment and software for method C. The IEC
SC 86B task force group on scratch recognition was organized to investigate automated
inspection system variability and provide recommendations to improve repeatability and
reproducibility of the inspection. The task force group specifically limited its investigation to
inspection using method C.

The task force group consisted of the following members (in alphabetical order): Arden,
CommScope, Corning, Data Pixel, Exfo, Fibre QA, Fluke Corporation, Sumix, University College
of London, and decided to perform this investigation by means of a round robin. The round robin
involved inspection systems from multiple vendors in a blind study to determine the baseline
performance of the systems with regard to automated scratch detection relative to IEC criteria
of pre-selected samples.

This report summarizes the results (data collection and analysis) of end face scratch recognition
and verification round robin performed by the following task force contributors (5 fibre inspection
system manufactures). The following sequence in which the contributors are listed does not
represent the order in which the data is presented in the results section. One contributor
provided results from four unique inspection systems, each having their own participant ID
(eight ID’s in total):

e Data-Pixel,

e Exfo;

o FiberQA;

e Fluke Corporation;

e Sumix.
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FIBRE OPTIC INTERCONNECTING DEVICES AND PASSIVE
COMPONENTS - SUMMARISING RESULTS OF ROUND ROBIN
ON CONNECTOR END FACE SCRATCH RECOGNITION AND
VERIFICATION BY AUTOMATED MICROSCOPES

1 Scope

This document summarises the results of a round robin on connector end face scratch
recognition and verification by automated microscopes. The prime objectives of the study were:

o determine the amount of variability (repeatability and reproducibility) when different state-
of-the-art inspection systems are assessed against IEC 61300-3-35:2015;
e evaluate any system-to-system variation in the quantity of reported scratches;

e provide recommendations to improve the repeatability and reproducibility of fibre optic
inspection systems.

2 Normative references

There are no normative references in this document.

3 Terms and 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 |SO Online browsing platform: available at https://www.iso.org/obp

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

4 Round robin procedure

The round robin workflow consisted of the following steps.

a) Specimen preparation (see Clause 5): Multimode and single-mode single-fibre and multi-
fibre test specimens were produced. An image of each end face was captured by high
resolution microscope, attenuation and return loss were measured for each fibre, and end-
face geometry was determined to verify that the specimens met the IEC interface
requirements.

b) Circulation initiation: Measurement procedure and results template (see Annex A) were
developed and approved by the group. The order of participants for specimen circulation
was agreed.

c) Measurements: Specimens were circulated among round robin participants. Every
participant performed measurements and collected image data according to the agreed
procedure.

d) Analysis of results: The results were gathered from all participants. Data analysis was
performed, and the synthesis report was composed.
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5 Specimen preparation

5.1 General

The round-robin test specimens were fabricated to consider various interface configurations
and conditions. Specimens were arranged into both cylindrical ferrule single fibre (1,25 mm
zirconia material) and rectangular ferrule multi-fibre types (12-fibore MT with polyphenylene
sulphide [PPS] material). Both multimode (50 ym core diameter) and single-mode specimens
were produced.

5.2 Multimode specimens

The multimode specimens were further organised into categories that had pristine fibre end-
face surface quality, and ones with low-level, light scratches (produced with a 1 ym diamond
film) which still meet functional performance criteria. Furthermore, specimens were created with
1 to 3 heavy scratches (produced with a 5 ym diamond suspension), as well as a control without
detectable heavy scratches. A summary describing all of the multimode variants is provided in
Table 1. A total of twelve multimode single-fibre specimens and twelve multi-fibre specimens
(with three specimens per group) were produced. Images for each of the specimens are given
in Figure 1 for the single-fibre and Figure 2 for the multi-fibre groups. All images were taken
with an end face inspection system utilizing blue-light illumination, an objective having an NA
of 0,40 and a magnification of 400 x (see Figure 1 to Figure 4).

Table 1 — Multimode test specimen categorisation

Group Ferrule type Ferrule material Light scratches Heavy scratches
identification
A MM 1,25 mm Zirconia No No
B MM 1,25 mm Zirconia No Yes
C MM 1,25 mm Zirconia Yes No
D MM 1,25 mm Zirconia Yes Yes
E MM MT (PPS) PPS No No
F MM MT (PPS) PPS No Yes
G MM MT (PPS) PPS Yes No
H MM MT (PPS) PPS Yes Yes
Documents
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Figure 1 — Multimode single-fibre test specimen grouping

Following visual inspection, the optical performance of each specimen was qualified at 850 nm
wavelength and the end-face geometry was determined. The attenuation and return loss were
measured per IEC 61300-3-4, insertion method (B), and IEC 61300-3-6, method 1: OCWR,
respectively. The results for the single-fibre specimens is reported in Annex B (Table B.1 and
Figure B.1 to Figure B.2). End face geometry of the single-fibre specimens was estimated using
IEC 61300-3-47 and summarized in Annex B (Table B.2).

The multi-fibre specimens had specific fibres of each ferrule identified for the study. However,
attenuation, return loss, and geometry measurements were made across all fibres of the
interconnection. A key to identify the fibre specimen inspected during the round robin is
provided in Annex B (Figure B.3). Attenuation and return loss values are given jq Annex B
(Table B.3 to Table B.4 and Figure B.4 to Figure B.5), with the round rmreﬂgﬁ ts
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interfaces highlighted. The end-face geometry of the multi-fibre interfaces was determined
using IEC 61300-3-30. The relevant geometric parameters, fibre heights, and core dip results
are summarised in Annex B (Table B.5 to Table B.7).
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Figure 2 — Multimode multi-fibre test specimen grouping

5.3 Single-mode specimens

The single-mode end faces were binned into categories, which either had 1 to 3 scratches that
pass through the fibre core or pass through zone A (without intersecting the core). These
scratches were approximately 1 ym width. In addition, a single-mode specimen group without
any observable scratches was produced. A summary describing all of the single-mode variants
is provided in Table 2. A total of nine single-mode, single-fibre specimens were produced and
nine multi-fibre interfaces (with three specimens per group). Images for each of theggpecimens
are given in Figure 3 for single-fibre and Figure 4 for the multi-fibre groups: ocuments
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Group Ferrule type Ferrule material Core scratches Zone A scratches
identification
A SM 1,25 mm Zirconia No No
B SM 1,25 mm Zirconia No Yes
C SM 1,25 mm Zirconia Yes Yes
D SM MT PPS No No
E SM MT PPS No Yes
F SM MT PPS Yes Yes
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Figure 3 — Single-mode single-fibre test specimen grouping

Following visual inspection, the optical performance of each specimen was qualified at
1310 nm and 1 550 nm wavelengths, and the end-face geometry was determined. The
attenuation and return loss was measured per IEC 61300-3-4, insertion method (B), and
IEC 61300-3-6, method 1: OCWR, respectively. The results for the single-fibre specimens are
reported in Annex B (Table B.8 and Figure B.6 to Figure B.7). End face geometry of the single-
fibre specimens was estimated using IEC 61300-3-47 and summarized in Annex B (Table B.9).

The multi-fibre specimens had specific fibres of each ferrule identified for the study. However,
attenuation, return loss, and geometry measurements were made across all fibres of the
interconnection. A key to identify the fibre interface inspected during the round robingsg pr vidﬁ%
in Annex B (Figure B.8). Attenuation and return loss values are given in Annex B Qﬁéﬂ ents
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