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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RELIABILITY OF DEVICES USED IN FIBRE OPTIC SYSTEMS -
GENERAL AND GUIDANCE

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.

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC 62721, which is a technical report, has been prepared by IEC technical committee 86:
Fibre optics.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
86/406/DTR 86/412/RVC

Full information on the voting for the approval of this technical report 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.
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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.

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

TC86 (Fibre optics) is a group that reviews and implements the standardization of optical
fibores and optical cables, optical interconnecting devices, passive and active optical
components and modules, and optical sub-systems. As these optical components and
modules are used for telecommunications as well as data communications systems, the
reliability required for these are extremely high. Since the 1980s, when fibre optic
communication systems were first deployed for commercial use, the reliability of optical fibres,
optical components and modules has been examined and checked. As a result, reliability
theories are nearly completely established for optical fibre, optical connectors, optical passive
components and optical active components.

How to check reliability differs depending on the type of optical device. For example, for
optical fibres, it is measured by the probability of fibre breaks under the condition of constant
stress. Optical passive components are generally tested using accelerated deterioration tests
under high temperature and high humidity conditions. For the reliability of laser diodes (LD) (a
typical optical active device), the primary failure mode is a decrease of optical output power
and an increase of threshold electric current caused by the increase of the leakage of
electrical current in the active layers of the LD chip. The lifetime has an inverse correlation
with the drive current.

In addition, the industry has established and uses standard reliability evaluation tests
developed for the purpose of commercialisation in addition to the approach of estimating the
lifetime by failure mode analysis mentioned above.

Information on failure mode and lifetime estimates are discussed and summarised in many
documents prepared by the Subcommittees (SC) and Working Groups (WG) of TC86. Test
items and conditions for reliability qualification tests are described in documents prepared and
set forth by each SC.
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RELIABILITY OF DEVICES USED IN FIBRE OPTIC SYSTEMS -
GENERAL AND GUIDANCE

1 Scope and objective

This technical report provides information on the IEC documents concerning reliability for
optical fibres, optical connectors, optical passive components, optical active components,
optical amplifiers, and optical dynamic modules used for optical fibre communications.

Documents on reliability include summaries of reliability theory and quality management
methods, technical information on failure mode analysis and failure mechanisms, lifetime and
fit-rate estimates using acceleration tests, test items, conditions, and pass/fail criteria in
reliability qualification tests, and tests and measurement methods for optical fibres, optical
components, and optical modules.

Each SC in TC86 has already created documents on reliability. This technical report provides
this information in a user-friendly manner.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60068 (all parts), Environmental testing
IEC 60749 (all parts), Semiconductor devices — Mechanical and climatic test methods
IEC 60793-1 (all parts), Optical fibres — Part 1. Measurement methods and test procedures

IEC 60793-1-30, Optical fibres — Part 1-30: Measurement methods and test procedures —
Fibre proof test

IEC 60794-1-2, Optical fibre cables — Part 1-2: Generic specification — Basic optical cable test
procedures

IEC 61290 (all parts), Optical amplifiers — Test methods

IEC 61291-5-2, Optical amplifiers — Part 5-2: Qualification specifications — Reliability
qualification for optical fibre amplifiers

IEC 61300 (all parts), Fibre optic interconnecting devices and passive components — Basic
test and measurement procedures

IEC 62005 (all parts), Reliability of fibre optic interconnecting devices and passive
components

IEC 62007-2, Semiconductor optoelectronic devices for fibre optic system applications —
Part 2: Measuring methods
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IEC 62150 (all parts), Fibre optic active components and devices — Test and measurement
procedures

IEC 62343-2, Dynamic modules — Part 2: Reliability qualification

IEC 62343-5-1, Dynamic modules — Test methods — Part 5-1: Dynamic gain tilt equalizer —
Response time measurement

IEC 62572-3, Fibre optic active components and devices — Reliability standards — Part 3:
Laser modules used for telecommunication

IEC/TR 62048, Optical fibres — Reliability — Power law theory

IEC/TR 62343-6-6, Dynamic modules — Part 6-6: Failure mode effect analysis for optical units
of dynamic modules

IEC/TR 62572-2, Fibre optic active components and devices — Reliability standards — Part 2:
Laser module degradation

IEC/TR 62627-03-01, Fibre optic interconnecting devices and passive components -
Part 03-01: Reliability — Design of an acceptance test for fibre pistoning failure of connectors
during temperature and humidity cycling: demarcation analysis



