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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC INTERCONECTING DEVICES
AND PASSIVE COMPONENTS -

Part 03-03: Reliability —
Report on high-power reliability for metal-doped
optical fibre plug-style optical attenuators

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardiz :tion ~omurising
all national electrotechnical committees (IEC National Committees). The object of IEC i  to promote
international co-operation on all questions concerning standardization in the electrical and electror.’s fields. To
this end and in addition to other activities, IEC publishes International Standards, Techr. cal Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter refcrred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Natioi Al Coi: mittee interested
in the subject dealt with may participate in this preparatory work. Internation¢!, gc rernriental and non-
governmental organizations liaising with the IEC also participate in this prepar~tion. 'EC collaborates closely
with the International Organization for Standardization (ISO) in accordanc> witi. conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, I1s nearly as possible, an international
consensus of opinion on the relevant subjects since each technical ~c =mittee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for internatic ~al 1 se and are accepted by IEC National
Committees in that sense. While all reasonable efforts are maa. to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible fc: the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC Nationa’ 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 correspondiriy national or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation o1 ~caformity. Independent certification bodies provide conformity
assessment services and, in some areas, 2_.cess to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certifi atic 1 bodies.

All users should ensure that they ha\ = th. latest edition of this publication.

No liability shall attach to IEC ar i.o.<‘rectors, employees, servants or agents including individual experts and
members of its technical com nit*ces and IEC National Committees for any personal injury, property damage or
other damage of any nat:re vha soever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of he puolication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn tc the ' lormative references cited in this publication. Use of the referenced publications is
indispensable for the cc ‘rect application of this publication.

Attention is <raw. to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. .=C snall not be held responsible for identifying any or all such patent rights.

The ma'n task of IEC technical committees is to prepare International Standards. However, a
techrica. committee may propose the publication of a technical report when it has collected
date. of a lifferent kind from that which is normally published as an International Standard, for
e,ampie "state of the art".

IEC 62627-03-03, which is a technical report, has been prepared by subcommittee 86B: Fibre
optic interconnecting devices and passive components, of IEC technical committee 86: Fibre
optics.
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The text of this technical report is based on the following documents:

Enquiry draft Report on voting
86B/3458/DTR 86B/3506/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.

A list of all parts in the IEC 62627 series, published under the general title Fibre ootic
interconnecting devices and passive components, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unctai.aec until
the stability date indicated on the IEC web site under "http://webstore.iec.ch” 2 the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

e withdrawn,

* replaced by a revised edition, or
+ amended.

A bilingual version of this publication may be issued at a later (" 1ic.

IMPORTANT - The 'colour inside’ logo on the cov 2r 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

Since 2000, the optical power in transmission systems has increased in conjunction with the
increase in the number of channels for DWDM systems, with the help of deployment of
RAMAN amplifiers and application of optical amplifiers. It is pointed out, however, that the
transmission media of the optical transmission system such as the optical fibre, optical
connector and optical passive components may sometimes be hazardous because of possible
leakage of high-power light that results in personal injury, melting, or a damage possibly
causing a fire.

IEC Japan National Committee (JPNC) and Optoelectronics Industry and Technology
Development Association (OITDA) carried out the research on the high-power reliability and
safety of optical passive components. The result was summarized in the OITDA Technical
paper, TP04/SP-PD-2008 “Study on the High-Power Reliability of Optical Passive Farts for
Communications.” IEC/TR 62627-03-02 was published based on the above repcit. “Accc *ding
to that report, deterioration of optical passive components at high-power input ... caczed by
temperature rise due to absorption of light as well as consequential thermal distortion. It was
decided to undertake additional research whilst utilizing these findings, spesifically on the
plug style optical attenuator, whose resistance against high-power is relauly small. The
study result was summarized in OITDA TP, TP09/SP-PD-2010.

This technical report was prepared on the basis of OITDA TP, TF(9/S ?-PD-2010,“Technical
paper of investigation of high-power reliability for plug-style fixed optical attenuators”.
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FIBRE OPTIC INTERCONECTING DEVICES
AND PASSIVE COMPONENTS -

Part 03-03: Reliability —
Report on high-power reliability for metal-doped
optical fibre plug-style optical attenuators

1 Scope

IEC/TR 62627-03-03, which is a technical report, describes the investigation results ¢f hizh-
power reliability for metal-doped optical fibre plug-style attenuators.

This report contains the high-power test results for metal-doped optical fibr>» SC plug-style
optical attenuators, the thermal simulation results and the analysis of dcgradation modes,
long-term reliability test results under high-power conditions and the der.‘atior. of maximum
limit of optical power for guaranteeing long-term operation.

2 Normative references

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

IEC/TR 62627-03-02, Fibre optic interconnecting devices and passive components —
Part 03-02: Reliability — Report of high-power transmission test of specified passive optical
components

3 Outline of high-power test fo..~ptical attenuators in IEC/TR 62627-03-02

The test was carried out bv-inoui* ng the high-power light into the SC plug style metal-doped
fibre optical attenuators wit' en attenuation of 10 dB, 20 dB and 30 dB. The test ambient
temperature was set at“1e acsumed normal maximum operating temperature of 70 °C and the
test method was the c*ep =tress test. The test result indicated failures in all the samples, i.e.
the return loss dec.2asuvd by 10 dB or more at 1,4 W to 2,3 W. Variation of the attenuation
and the return loss be.ire and after the test was within the range of measurement uncertainty.
When the fibre. end surface was checked after th test, it indicated either protrusion or
withdrawal.of \he optical fibre.

On the vther hand, thermal simulation was carried out and the result was that the maximum
inornas ! 2mperature reached 300 °C or more at the input power of 2 W for SC plug style
1 “eta..dop 2d fibre optical attenuator of 10 dB attenuation.

In-addition, the long-term reliability test of the optical attenuator was carried out for 500 h.
The test conditions were 1 W for the input power and 70 °C for the ambient temperature. As a
result of the test, it was found that the return loss did not decrease during the test, but
withdrawal or protrusion of the optical fibre was found after the test.

Based on the result of the above tests, it was estimated that the mechanism of return loss
decline consists of the softening of adhesive fixing the metal-doped optical fibre and ferrule,
which in turn causes withdrawal of optical fibre and finally results in loss of physical contact
(PC) between the fibre endfaces. Therefore, for the purpose of guaranteeing long-term
reliability with high power, it is necessary to control the internal maximum temperature within
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