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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
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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.

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

Enquiry draft Report on voting

86C/593/DTR 86C/629/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.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IEC 61292 consists of the following parts, under the new general title Optical amplifiers:

Part 1: Parameters of amplifier components

Part 2: Theoretical background for noise figure evaluation using the electrical spectrum

analyzer
Part 3: Classification, characteristics and applications

Part 4: Maximum permissible optical power for the damage-free and safe use of optical

amplifiers, including Raman amplifiers

Part §: Polarization mode dispersion parameter — General parameter

Future standards in this series will carry the new general title as cited g

standprds in this series will be updated at the time of the next editio

The dommittee has decided that the contents of this publicatigh Wil

the mlaintenance result date indicated on the IEC web site
the data related to the specific publication. At this date, the

e refonfirmed,;

e withdrawn;

* replaced by a revised edition, or
e amended.

A bilipgual version of this publication ater date.

isting

.eh" in
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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 this
subject is also stimulating many new types of fibre and non-fibre based optical amplifier
research. With the introduction of such technologies as long-haul, 40Gb/s, WDM transmission
and Raman amplification, some optical amplifiers may involve optical pump sources with

extremely high optical power — up to, possibly, several watts.

Excegsively high optical power may cause physical damage
comppnents/equipment as well as present medical danger to the hup

The gossibility of fibore damage caused by high optical intensit
at sdme technical conferences. IEC Technical Commi
explogive atmospheres) is also discussing the risk of ignftion
radiation from optical equipment.

The medical aspects have long been discus
Committee 76 (Optical radiation s3
IEC 60825-2 the concept of hazard I
laserg specifically in relation to tissue ds

gfoups.

ITU-T| Study Group 15 (Optical and other t

\SpOtt Ne '
G.664, which primarily disgOsses the a om power reduction functionality for safety.

With the recent growt

been |identified among
technjcal details@

This technical repant - dés a simple informative guideline on the maj

opticgl power pe

internfational gtide uaximum optical power permissible in optical fibre device
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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 fechnical report applies to all commercially available optical amphfers (OGAs),iricluding
opticgl fibre amplifiers (OFAs) using active fibres, as well 2 ifiers.
Semig¢onductor optical amplifiers (SOAs) using semiconductor gain me ed.
This fechnical report provides a simple informative guideline gh tt i ptical
powef that causes high-temperature damage of fibre. AlsqQ d 2, s ice ty for
manufacturers and users of optical amplifiers by reite isting
standprds and agreements on eye and skin safety
To id¢ntify the maximum permissible optical power i ics i e-free
and spfety viewpoints, this technical report ident f
— the optical power limit that cause e and
fijre-coat burning;
— the maximum permissible exposure ithout
cqnsequential injury;
— the optical power limit i i \ ¢ i space
prlopagation from the fibre;
— thle absolute alowa plifier
by comparin .
The objective of thi nding
in the| i tance
of ad
It is [ poiht aut that the reader should always refer to the latest interngtional
standprd igreements because the technologies concerned are rapidly evolving. In fact,
the cq ncept o hazaro Ie el and Iabellmg is st|II evolving: more rigorous Iabellmg requirements
ing the
timely

manner.

2 Maximum transmissible optical power to keep fibres damage-free

The use and reasonably foreseeable misuse of high intensity optical amplifiers may cause
problems in the fibre such as:

a) fibre fuse and its propagation;

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.
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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.

2.1 Fibre fuse and its propagation
2.1.1 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
document experimentally analyzes the fibre fuse and its propagation caused by high gptical
powef and discusses the threshold of optical power.

2.1.2 Experiment and results

The gxperimental setup is shown in Figure 1, in which the fibre fuse
the optical fibre from outside of the fibre by using an independen

opticgl power was continuously launched into the fibre. T
opticgl source was 1467 nm, which is a typical pump<wa
amplification.

11467 nm SMF S Optical powqgr
6lwMax., L] meter
Heating
(initiation for fibre fuse)
IEC 1218/04

It was k of the fibre portion heated when the fuse initiated was
great¢r than . e fibre fuse began propagating, the optical source powdr was
continquougly educegh'until the fuse propagation stopped. The threshold power for the fuse
propalgation~\wa 4 W and 1,2 W for standard single mode fibre (SMF) and dlspersmn ghifted

abfle 1 — Experimental results of the threshold power
of fibre fuse propagation

Standard single mode fibre 1,41W,1,45W, 1,51 W

Dispersion 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]%).
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.

1 Figures in square brackets refer to the Bibliography.
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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.

The above information was made available from Furukawa Electric (Japan in Oct. 2002) and
was reported [1] at the 2003 International Laser Safety Conference in Jacksonville, FL, USA.

This issue was also discussed in other literature [3] as follows.

The npain physical mechanism responsible for the fibre fuse phenomenoy and i
is opfical discharge propagation due to thermal conductivity. It can b€ initiated .
types|by launching a CW laser into a fibre and ensuring contact of'tf -
with Jome absorbing surface or by heating a section of the fibre.

propagation
most fibre

The temperature of the optical discharge plasma is about 200 ta he sp¢ed of
its propagation is about 1m/s in typical single mode fibre power of approximately
1 W. Examination of the fibre core after such discharge i mage in the form
of voifls which have the form of bubbles (sometimes i -periodic filamgnts.

Becalise the most probable reason fg i ) & 6 usion
splicimg is the most reliable way to re c |gh power damage. Optical |solators
used n some schemes can also be da d. , their survivability at high power

is an ppen question.

The literature [3] includes & ¥i [ suréd dependencies of threshold intensity
for the propagation of 8 3 the fibre (the power at which| such
propajgation is terminafed i ! dia eter of single-mode fibres of differenf core
comppsitions.

The fjgure inclu e mode field diameter (MFD) between 2 um and
14 unm and identifj s tlies of the threshold intensity Iy, were 3,6 MW/cm?2,
2,5 MW/cm2 and<{1,x M \ MFD of 4 pm, 6 um and 8 um , respectively. I}, was
constant at 1 120 F

=7

The Iy, : 3 MW/cm?2 and —0,6 MW/cm2, depending on the core compogitions
undel| thexcondilions d, except in one extraordinary case. Here, the mean thresholds for
the MFD of 8wm and I0 um respectively corresponded to 2,5W and 1,6 W, if the |entire
intengity is.assu be within the mode field

2.1.3 Conclusion

The threshold optical powers of fibre fuse propagation reported in Figure 1 and Table 1 were
found to be 1,4 W and 1,2 W for SMF and DSF respectively under the conditions tested. On
the other hand, the fuse-initiation threshold varied significantly, although they well exceeded
1,4 W and 1,2 W. Another report identified that a little more power than the above experiment
could be allowed, although the information available on the fibre was limited.

2.2 Loss-induced heating at connectors or splices
221 Introduction

In extremely high power optical amplifiers, the loss-induced heating at fibres and connectors
or splices could lead to damage, including fibre-coat burning, fibre fuse, etc. This subclause
provides experimental data [1] and considerations for information.
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2.2.2 Experiment on the connector

Table 2 summarizes the measurement conditions. The experiment used MU type optical
connectors for standard single mode fibre (SMF) and dispersion shifted fibre (DSF), where
loss was increased by optical fibre misalignment. The optical source used was a 2-W Raman
pump at 1 480 nm. The connector temperature was measured by a thermocouple placed on
the sleeve. Since the MU ferrule diameter was only 1,25 mm, the sleeve temperature was
almost the same as that of the ferrule; ferrule temperature is the most important factor
determining the long-term reliability of optical connectors [2].

Table 2 — Measurement conditions

Parameter Conditions /
Fibre SMF, DSF (\\ aN
Connectors MU type (\ \ >
Ferrule Zirconia /\ \\

Connector/splice loss Imperfect aliwne t \ \ \/
Wavelength Raman pur$\— l\&K n%\
Power 2w /\ N \

Temperature measurement The(mo@le on\\he sleev

2.2.3 Results and considerations

Figure 2 shows temperature increase i e was
obser

Eogr e | | RN N N S

s g
08 10 12

0,4 0,6

Connection loss dB

IEC 1219/04

Figure 2 — Connection loss versus temperature increase

The data suggest that the temperature increase could be within 10 °C under realistic
conditions of loss and power. A commercial dry-type connector cleaner was used each time.

During repeated connection-disconnection of the connectors, neither damage nor fibre fuse
was observed. The experiments with the use of the cleaner identified no problems in terms of
fibre/connector damage and reliability. Without the cleaner, however, the experiment with the
DSF connector indicated that fibre fuse could occur after repeated connection-disconnection
of more than 200 times.
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Such temperature increase, and accordingly the danger of fibre fuse, for NZ-DSF connectors
will be worse than for SMF connectors but better than for DSF connectors. The effective areas
are SMF>NZDSF>DSF. Further quantitative studies are needed. Other types of Physical
Contact (PC) connectors such as SC connectors will show similar temperature responses
because only their ferrule radii differ.

2.2.4

Conclusion

It was shown that the thermal effects induced by connector and splice losses in high-power
amplifiers could be acceptable under any practical conditions foreseeable at this moment.
However, special care should be taken to eliminate dust and contamination from the

connsg

ctor end ftaces and splice points that could locally nduce high-temperature Incr

cases

e conmector

arizes

p of a

20/04

accorfing to the power density absorbed.
2.3 Connector end-face damage induced by dust/contaminatjgi
2.3.1 Introduction
The gurpose of this measurement is to evaluate the increa
unden test when the light power into the fibre is extremelyhighs G pent summ
the dgcument available from Telecom Italia Lab [1].
2.3.2 Test setup
Figur¢ 3 shows the scheme of the mg& e test. The laser pum
Ramgn amplifier was used with a ma pawer/ of 2 W, at a wavelength of
1 455/ nm.
PC for acquisiti
s(\ and data analysi
@a hing lifnan Wer Branching
evc device
Varigble power P 99 999
lasgr source []:l:[] —]
AW ! \%onnector 3
under test
Power Power
meter 2 meter 1
IEC 1.
Figure 3 — Test setup
2.3.3 Measurements

Each step was maintained for 2 h. The optical connectors used were SC-PC type with a
perfectly clean surface, with skin grease (from operators), with dust (from the floor of the lab)

and w

ith metal filings (from a metallic sleeve).
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2.3.4 Test on clean connectors

Two plugs without defects on the polished fibre surface were used. The laser power was
increased in steps to 1,2 W after a thorough cleaning. The test was conducted at ambient
temperature and in a chamber at 70 °C. During the entire test the variation of the attenuation
was less then 0,02 dB and the visual examination of the fibre surface at the microscope did
not show any damage.

2.35 Test on connectors contaminated with skin grease

A layer of grease was put down on two plugs without any defect, by simply touching the
polishimg—surface withthetrarmds—Whenmmcreasimg the power fromm 100 mwWw—to 200 mW at
ambignt temperature, the attenuation varied within a few hundredths visual

inspegtion with a microscope after the test showed a cleaning effect high
tempe
2.3.6
In thig After
the in 0 mW
input 15 dB
with 1 P to a
clean br the
clean
2.3.7
In thig bve of
an adg y the

frictio sleeve.

w i -

! s ‘J"'

g .
R
S 'rj& .
A " \; .
. . - "'

IEC| 1221/04

Figure 4 — Surface condition contaminated with metal filings, before the test
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1,6 1,6
o 14 f 1.4
S |

1,2 1,2
S / z
S 10 10 5
c 2
] 3
< 038 08 <
ks 2
c 06 2
S 04 I
©
>
I 0,2 !

0 : 1 . .

0 50 100 150 200

Time min

i
{an]

dqure 5 — Variation of the power attenuation
values for plugs contami

The first test was performed by heaviljxcontan

sur:acs, as Figure 4 shows. This is

clear from the initial attenuation value tha S Q 4 dB-higher than the ones for the| other

condifions.

During the test, already/at\200

failurg occurred, the tes

Plug 1

A\t the
b). AsS

Plug|2

IEC 1223/04

Figure 6 — Polishing surface condition contaminated with metal filing, after the test

Obvious signs of burning were observed on the core of both fibres that could not be
eliminated by cleaning the surface. The polishing surface visual inspection by a microscope
(Figure 6) shows fused metal glued on the fibre cores. These clots are not removable by

cleaning the surfaces.
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2.3.8 Conclusion

It was confirmed that there is no risk of damage on the connectors due to high optical power
under the conditions tested, if the connectors are correctly used and handled. However, a
correct cleaning procedure and visual analysis of the polishing connector surface is
fundamental for a good and reliable network, particularly when metallic sleeves are used.

2.4 Fibre-coat burn/melt induced by tight fibre bending

Subclause 2.4.1 provides some examples [1] of the fibre coat burn/melt induced by tight fibre
bending where the fibre coatings used were

a) UY curable resin: white, blue, green and uncolored, and

b) nylon un-colored.

The fipre used was single mode (SMF).

By uging a thermo-viewer image of the bent fibre, the highest\temperatuxe a surface of
each [fibre coating was measured. Figure 7 shows an image™af thext bent fibre wjth an
opticgl power of 3 W at 1 480 nm. Shown in Figure 8 is e coating slirface
versup bending diameter for 3 W at 1480 nm. Th e hylon-coat suirface
reachied 150 °C or higher: the nylon coating melted or > » nylon coat burped in
the tejst after the fibre break at the point where the

By cgnsidering the test results toget ! -term reljability degradation of goated
SMF,|it is suggested that the coated ould be kept at >20 mm and
>30 nmim for the optical powers of 1 ctlvely, under the conditions tested.
Another test revealed that transpare nore durable than colored UVfresin
againpt tight bending.

IEC 1224/04

Figure 7 — Thermo-viewer image of tightly-bent SMF
with optical power of 3 W at 1 480 nm
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200 °C
2
150 °C *
L 2
100 °C - |
|
50 °C & Nylon (white)
‘ B yV (transparent)
n Or\ Il Il Il Il
220 15 210 5

Diameter of the loop mm

Figure 8 — Temperature of the coating surface of S
with optical power of 3 W at 1 480

2.5 Summary of the fibre-damage experiments

In 2.1}, it was found that fibre fuse, once it was initia propagated if the input
signal| power was higher than 1,4 W and 1,2 WAot S \ réspectively, under the
conditions tested. However, care sho ily push the fibre actoss a
sharp| edge that may induce a tight be at a lower power than the
abovag.

In 2.4, it was shown that the thermal \effe
high-power amplifiers cou

..-o by the connector and splice losses in

In 2.3, the connectors

the oply case that c
contaminated by@

In 2.4
keep
3w,

put powers up to 1,2 W. It was discovered that
age to the fibre core was when surfaces| were

ed to
V and

Based o 22 tQ 2 ithout
mple,

3 MaxXimum transmissible optical power to keep eyes and skin safe

3.1 Maximum permissible exposure (MPE) on the surface of eye and skin

Subclause 3.55 of IEC 60825-1 defines the MPE as follows:

“MPE is the level of laser radiation to which, under normal circumstances, persons may be
exposed without suffering adverse effects. The MPE levels represent the maximum level to
which the eye or skin can be exposed without consequential injury immediately or after a long
time and are related to the wavelength of the radiation, the pulse duration or exposure time,
the tissue at risk and, for visible and near infra-red radiation in the range 400 nm to 1400 nm,
the size of the retinal image.”

Here, the MPE values IEC uses have been specified in ANSI-Z136 based on animal
experiments. Clause 4 of IEC 60825-14 (2004)gives more details of MPE.
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Subclause 4.8.2 of IEC 60825-2 Ed. 3 includes the following normative text in which it is
requested that optical fibore communication systems be designed not to exceed the maximum
permissible exposure (MPE) including the time period before an automatic power reduction
(APR) system completes its job:

“Where the optical fibre communication system uses an automatic power reduction feature to
meet the limits of a hazard level that is lower than that which would have to be assigned if no
automatic power reduction feature would be present, the irradiance or radiation exposure
during the maximum time to reach the lower hazard level shall not exceed the irradiance or
radiant exposure limits (MPE). For controlled locations the measurement distance is 250 mm
for this subclause only.”

Here,| the hazard levels of the laser products including OAs are determi n the
classification rule of IEC 60825-1. In the existing standards, automati¢cts t (ALS)
could|have the same meaning as automatic power reduction (APR).

3.2 |Maximum permissible optical power in the fibre for t

Informative Annex D of IEC 60825-2 gives the following fg imum
permissible optical power P in the fibre by using the maximu PE) to
the eyes/skin after free-space propagation.

where

P

MPE

@

d

t

NOHL

A

Based on™ R bower
limits|for optical fi communication systems that have the APR to reduce the power to a
lower| hazard."level. MPEs used in the calculation are shown in Tables 5, 6 and 7 of
IEC 6[0825-14:2004.

Table 3 reiterates the key values, where some values not included in the original document
were calculated by using the above formula. It must be noted, however, that the maximum
permissible optical power in such OAs can be increased by reducing the power reduction time
of the APR.
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