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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPTICAL AMPLIFIERS -
Part 4: Maximum permissible optical power

for the damage-free and safe use of optical amplifiers,
including Raman amplifiers

FOREWORD

this end and in addltlon to other activities, IEC publishes International Standa
Technical Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guijdes

governmental organizations liaising with the IEC also participate i
with the International Organization for Standardization (ISO) A

interested IEC National Committees.

3) IEC Publications have the form of recom
Committees in that sense. While all reasonab
Publications is accurate, IEC cannot be h
misinterpretation by any end user.

the latter.

5) IEC itself does nof provide conformity. Independent certification bodies provide conformity
assessment seryi i 6 IEC marks of conformity. IEC is not responsible for any
services carried oyt by |

7) No liability shall dttac directors, employees, servants or agents including individual experts and
members of itg technical co EC National Committees for any personal injury, property damage or
other damagé © whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses ansing Ou ation, use of, or reliance upon, this IEC Publication or any other IEC

9) Attention is draw 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 61292-4, which is a technical report, has been prepared by subcommittee 86C: Fibre
optic systems and active devices, of IEC technical committee 86: Fibre optics.

This second edition cancels and replaces the first edition published in 2004 and constitutes a
technical revision with updates reflecting new research in the subject area.
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The text of this technical report is based on the following documents:

Enquiry draft Report on voting
86C/889/DTR 86C/921/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 of the IEC 61292 series, published under the general titlg
can be found on the IEC website.

Ogntical amplifiers,

The committee has decided that the contents of this publication

* reconfirmed,
* withdrawn,
* replaced by a revised edition, or

+ amended. Q
A bilingual version of this publication may sued at a\aterdate.

IMPORTANT - The ‘colcur inside’ r page of this publication indicates
that it contains colou idéred to be useful for the correct
understanding of its therefore print this document using a

colour printer. /\
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INTRODUCTION

This technical report is dedicated to the subject of maximum permissible optical power for
damage-free and safe use of optical amplifiers, including Raman amplifiers. Since the
technology is quite new and still evolving, amendments and new editions to this document can
be expected.

Many new types of optical amplifiers are entering the marketplace and research on it is also
stimulating many new types of fibre and non-fibre based optical amplifier research. With the
introduction of such technologies as long-haul, 40 Gb/s, WDM transmission and Raman
amplification, some optical amplifiers may involve optical pump sources with extremely high
optical power — up to, possibly, several watts.

Excessively high optical power may cause physical

The possibility of fibore damage caused by high optical intensi
at some technical conferences. IEC technical committee 86 AFi
86A (Fibres and cables) has published IEC 62547: Guidelj

power damage sensitivity of single-mode fibres to bend the interpretation of

results. IEC technical committee 31 (Equipment for explgsive s) is also discussing
the risk of ignition of hazardous environments by radiati s ¥quipment

The medical aspects have long been 4isctssé Qr ups. |[EC technical committee
76 (Optical radiation safety and laserneq describes in IEC 60825-2 the
concept of hazard level and labelling 3 he safety aspects of lasers specifically

With the recent grow in fi an amplifiers, however, some difficulties have
been identified i

optical powe W e fox optical amplifiers.
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OPTICAL AMPLIFIERS -
Part 4: Maximum permissible optical power

for the damage-free and safe use of optical amplifiers,
including Raman amplifiers

1 Scope and object

This part of IEC 61292, which is a technical report, applies to all co mer ially available
optical amplifiers (OAs), including optical fibre amplifiers (OFAs) usi 2 e fibres, as well
as Raman amplifiers. Semiconductor optical amplifiers (SOAs) uysi i
media are also included.

power that causes high-temperature damage of fibre.
manufacturers and users of optical amplifiers by reiterati bstantial parts of existing

— the optical power limit that causes
fibre-coat burning;

— the maximum permissib
consequential injury;

— the absolute
by comparing

The objective of
in the industr ecessary alarm and hinder the progress and acceptance
of advancing a ifre chnologies and markets.

the concept of h
are under discussio

azard level and labelling is still evolving: more rigorous labelling requirements
in [IEC Technical Committee 76 as of October 2008.

The present technical report will be frequently reviewed and will be updated by incorporating
the results of various studies related to OAs and OA-supported optical systems in a timely
manner.

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 60825-1:2007, Safety of laser products — Part 1. Equipment classification and
requirements
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IEC 60825-2:2006, Safety of laser products — Part 2: Safety of optical fibre communication
systems (OFCS)
Amendment 1(2006)

IEC/TR 60825-14:2004, Safety of laser products — Part 14: A user’s guide

ITU-T Recommendation G. 664, Optical safety procedures and requirements for optical
transport systems

3 Abbreviated terms

For the purposes of this document, the following abbreviated terms apply.

ALS automatic laser shutdown

APR automatic power reduction

DSF dispersion shifted fibre

LOS loss of signal

MFD mode field diameter

MPE maximum permissible exposure
MPI-R single channel receive main path
MPI-S

NOHD

NZ-DSF

OA

OFA

SMF

fibre fuse and.jts pyopagation;

)
b) heating in the splice point/connection point;
c) fibre end-face damage due to dust and other contamination;
d) fibre coat burning and ignition of hazardous environments due to tight fibre bending or

breakage.

This clause introduces the experiments and their results concerning the above issues to give
guidelines for the damage-free use of optical amplifiers. However, it must be noted that the
following results are only valid under the conditions tested and that a higher power might be
allowed under different conditions.

NOTE The test method for the failure time (the time until the catastrophic failure of the glass, or the catastrophic
failure to the fibre coating happens) characteristics as a function of the launch power and bend conditions (bend
angle and diameter) is described in IEC 62547.
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4.2 Fibre fuse and its propagation
4.21 Introduction

The safety of optical amplifiers should be discussed from the viewpoint of laser hazard to the
eyes and skin as well as fibre damage such as fibre-coat burning and fibre fusing. This
technical report experimentally analyzes the fibre fuse and its propagation caused by high
optical power and discusses the threshold of optical power.

4.2.2 Experiment and results

The experimental setup is shown in Figure 1, in which the fibre fuse was initiated by heating
the optical fibre from outside of the fibre by using an independent heat source, while a high
optical power was continuously launched into the fibre. The wavelengt the high-power
optical source was 1467nm, which is a typical pump wavelength ed Raman
amplification.

Sample 10m-20m

1467 nm SMF Optical power
Max. 6 W 4:': meter
IEC 146/10
Figure 1

It was confirmed that the te portion heated when the fuse initiated was
greater than 1 000 °C. the, fi Pegan propagating, the optical source power was
continuously re ' gation stopped. The threshold power for the fuse
propagation was "N fork standard single mode fibre (SMF) and dispersion shifted

fibre (DSF) respeci able 1. The results for three trials are shown.

erimental results of the threshold power
of fibre fuse propagation

é‘a{daﬁd single mode fibre 1,41 W, 1,45 W, 1,51 W
|3\§persion shifter fibre 1,19 W, 1,19 W, 1,20 W

The difference in the fibre mode-field diameter might have been the major reason for the
difference in the threshold powers because the fibre fuse depends on the power density [1]1.
The threshold power for the fibre fuse propagation was quite reproducible.

On the other hand, it was difficult to identify the threshold power for the fibre fuse initiation
based on the above experiments because it varied significantly.

Although the mechanism of fibre fuse initiation is not yet well understood, the threshold
seems to depend on the conditions, i.e., clean or dirty, of the fibre end faces where the very
first fibre fuse takes place.

It was confirmed through repeated experiments, however, that the initiation threshold well
exceeded 1,2 W and 1,4 W for various fibre end-face conditions.

1 Figures in square brackets refer to the Bibliography.



