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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardizatien)con
ational electrotechnical committees (IEC National Committees). The object of IEC is to promoteintern
bperation on all questions concerning standardization in the electrical and electronic fields<To this ¢
ddition to other activities, IEC publishes International Standards, Technical Specifications} Technical R
licly Available Specifications (PAS) and Guides (hereafter referred to as "IEC\‘Publication(s)")
baration is entrusted to technical committees; any IEC National Committee interested in the subject de
participate in this preparatory work. International, governmental and non-governmental organizations

hdardization (ISO) in accordance with conditions determined by agreement‘between the two organiza

formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern

rested IEC National Committees.

Publications have the form of recommendations for international use and are accepted by IEC N
hmittees in that sense. While all reasonable efforts are madg to ensure that the technical content
lications is accurate, IEC cannot be held responsible for the way in which they are used or

rder to promote international uniformity, IEC National' Committees undertake to apply IEC Publi
sparently to the maximum extent possible in their national and regional publications. Any divergence b
IEC Publication and the corresponding nationakerregional publication shall be clearly indicated in thé

itself does not provide any attestation of conformity. Independent certification bodies provide cor
essment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
ices carried out by independent certificatioh bodies.

isers should ensure that they have the latest edition of this publication.

liability shall attach to IEC or its-directors, employees, servants or agents including individual expe|
nbers of its technical committeés-and IEC National Committees for any personal injury, property dan
br damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feqg
enses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any oth
lications.

ntion is drawn to the _Normative references cited in this publication. Use of the referenced publica

ntion is drawn'torthe possibility that some of the elements of this IEC Publication may be the subject o

devicTs, of1EC technical committee 86: Fibre optics. It is a Technical Report.

R 61292-4 has been prepared by subcommittee 86C: Fibre optic systems and

prising
ational
nd and
eports,

Their
alt with
liaising

the IEC also participate in this preparation. IEC collaborates closely with th€)International Organization for

ions.

ational
rom all

ational
of IEC
or any

cations
etween
b latter.

formity
for any

rts and
age or
s) and
er IEC

ions is

patent

active

This fourth edition cancels and replaces the third edition published in 2014. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition.

a) The technical information has been updated to reflect revisions of the relevant references.

b) In particular, the descriptions provided in Clause 5 and Clause 6 have been modified

significantly to reflect changes in the cited references.

Unnecessary formulas and

explanations that overlap with the references have been removed to simplify the document.

c) New information has been added to Annex A on optical fibre burning when light enters an
optical fibre with a bubble train formed by a fibre fuse.
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The text of this Technical Report is based on the following documents:

Draft Report on voting

86C/1821/DTR 86C/1832/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.

This ¢

accor

ocument was drafted in accordance with ISO/IEC Directives, Part 2, and develo;l)ed in
Hance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement; avgilable
at www.iec.ch/members_experts/refdocs. The main document types developed by IE

C are

described in greater detail at www.iec.ch/standardsdev/publications.
A list jof all parts in the IEC 61292 series, published under the general title-Optical amplifiers
can be found on the IEC website.
The cpmmittee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.ieG.eh in the data related {o the
specific document. At this date, the document will be
e regonfirmed,
e withdrawn,
e replaced by a revised edition, or
e amended.
IMPQRTANT - The "colour inside"logo on the cover page of this document indicates that it

cont
cont

ents. Users should therefore print this document using a colour printer.

pins colours which are considered to be useful for the correct understanding of its
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INTRODUCTION

2023

This document is dedicated to the subject of maximally 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 is also
stimulating the development of many new types of fibre and non-fibre based optical amplifiers.
With the introduction of new technologies, such as long-haul, beyond 100 Gb/s, WDM
transmission, digital coherent transmission and Raman amplification, some optical amplifiers

empldy optical pump sources with extremely high optical power — possibly up to several IVatts.
ample, erbium doped fibre amplifiers that provide extremely high output power are

For €
descr

Exces
and e

Thep
confe
can ¢
(conn
bendi
powel
clean
additi
cause

The npedical aspects of high-power optical radiation have also been addressed by stan

IEC 6
the sg

In adg
exclus
optic
Reco

With {he recently growing interest in high power fibre amplifiers and fibre Raman amp

howe
manu
stand

This

bed in IEC TR 61292-8 [1]!, and Raman amplifiers in IEC TR 61292-6 [2].

sively high optical power can cause physical damage to the optical fibres, compd
juipment, in addition to presenting a medical hazard to the human eye -and skin.

bssibility of fibre damage caused by high optical intensity has been discussed at tec
ences and in technical reports for many years. The use of hightintensity optical amg
ause problems in optical fibres, which include fibre fuse\_heating in the splice

ng. For example, IEC TR 62547 [3] provides guidelines for the measurement of
damage sensitivity of single-mode fibre to bends,yand IEC TR 62627-01 [4] des
ng methods for fibre optic connectors to reduce_the risk of fibre endface dama
bn, other standard groups are discussing the.risk of ignition of hazardous environ
d by high-power radiation from optical equipment.

D825-2 defines the concept of hazardievels and corresponding labelling, which addr
fety aspects of lasers specifically.in’relation to tissue damage.

ition, IEC TR 60825-17 [5].describes safety measures to protect against effects c
ively by thermal, opto-mechanical and related effects in passive optical componen
| cables used in high( power optical fibre communication systems. Moreover,

mendation G.664 [6] discusses the safety feature of automatic laser power reduct

er, some _difficulties have been identified among optical amplifier users
acturers in_fully understanding the technical details and requirements across all
brds and agreements.

document provides a simple informative guideline on the maximum optical

nents

hnical
lifiers
boints

bction points), fibre endface damage due to dust, and fibfe‘coat burning due to tight fibre

high-
cribes
je. In
ments

dards.
esses

aused
s and
ITU-T
on.

ifiers,

and
such

power

permi

Esible for nln’rir‘gl Qmplifipre for nptir‘al amplifipr users and manufacturers

1

Numbers in square brackets refer to the Bibliography.
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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

This gart of IEC 61292, which is a Technical Report, applies to all commercially available gptical
amplifiers (OAs), including optical fibre amplifiers (OFAs) using active fibres as well as-Raman
amplifiers. Semiconductor optical amplifiers (SOAs) using semiconductor gain media ar¢ also
included.

This document provides informative guidelines on the threshold of high optical power that can
causd high-temperature damage of the fibre. Also discussed is optical safety for manufacfurers
and ukers of optical amplifiers by quoting parts of existing standardsyand agreements gn eye
and skin safety.

This document identifies the following values for maximum pérmissible optical power jn the
opticdl amplifier for damage-free and safe operation:

a) the optical power limit that causes thermal damagedoythe fibre, such as fibre fuse andjfibre-
coat burning;

b) the maximum permissible exposure (MPE) ta.which the eyes/skin can be exposed without
consequent injury;
c) the optical power limit in the fibre that\causes MPE on the eyes/skin after free-gpace
prppagation from the fibre;

d) the absolute allowable optical powerlevel for damage-free and safe operation of the gptical
amplifier by comparing a) and c),

The opjective of this documentis-to minimize potential confusion and misunderstanding fin the
indus{ry that can cause unnecessary alarms and hinder the progress and acceptarice of
advarcing optical amplifier technologies in the market.

It is important that the reader always refers to the latest international standards and agreements,
becayse the technglogies concerned are rapidly evolving.

The presenfidocument will be frequently reviewed and updated in a timely mann[Ier by
incorgorating the results of various studies related to OAs and OA-supported optical sysfems.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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 61291-1:2018, Optical amplifiers — Part 1: Generic specification
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3 Terms, definitions, and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 61291-1:2018 apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

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

e |SO Online browsing platform: available at http://www.iso.ora/obp

3.2 |Abbreviated terms

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 Interface reference-point
MPI-S single channel source main path interface refefence point
NOHL nominal ocular hazard distance

NZ-DBF non-zero dispersion shifted single-mode-fibre

OA optical amplifier

OFA optical fibre amplifier

OFCS optical fibre communication system

SMF single-mode fibre

SOA semiconductor optical amplifier

4 Maximum transmissibte optical power to keep fibres damage-free

4.1 General

The yse and reasaonably foreseeable misuse of high intensity optical amplifiers can fause
problgms in thefibre such as

a) fi

b) hdatifig in splice points/connection points,

bre fuse and its propagation,

c) fibre endface damage due to dust and other contamination, and

d) fibre coat burning and ignition of hazardous environments due to tight fibre bending or
breakage.

Subclauses 4.2 to 4.5 introduce results concerning the above issues to give guidelines for the
damage-free use of optical amplifiers. However, the following results are only valid under the
conditions tested, and a higher power could be applied under different conditions.


http://www.iso.org/obp
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4.2 Fibre fuse and its propagation

The safety of optical amplifiers is discussed from the viewpoint of laser hazard to the eyes and
skin and from the viewpoint of fibre damage such as fibre-coat burning and fibre fusing.
Subclause 4.2 experimentally analyses the fibre fuse and its propagation caused by high optical
power and discusses the threshold power of fibre fuse propagation [7]. Fibre fuse is defined as
the phenomenon in which an intense blue-white flash occurs and runs along the fibre toward
the high-power light source while forming periodic and/or non-periodic voids.

Figure 1 shows a typical measurement set-up for measuring the threshold power of fibre fuse
propagation. The fibre fuse is initiated by heating the optical fibre from outside of the fibre with
an ind ile 1 i i i i into the
fibre. Once the fibre fuse begins propagating, the optical source power is continuouslyfefuced
until the fuse propagation stops. Table 1 shows the threshold powers which were measured at
varioys wavelengths of the high-power optical source and for various fibres. Although the
threshold power depends on the wavelength of the high-power optical source, thexpower
fuse propagation is less than 1,4 W and 1,2 W for a standard single-modefibre (SMF)
dispefsion shifted fibre (DSF) respectively, which are used as the optical fibte-for typical qptical
fibre gommunication systems.

Sample 10 m to 20 m

High power i::l SMF . Optical powdr
bptical source N Lo meter
/ SMF/DSH \
Splicing Heating

(initiation for fibre fuse) [EC

Figure 1 — Experimental set-up for fibre fuse propagation

Table 1 — Threshold power-of fibre fuse propagation for various fibres

Fibre type Measurement _Threshold power 9f
wavelength fibre fuse propagation

um W
Standard single-mode fibre 1,064 1[8]

1,467 1,4 [8]

1,48 ~1,2[9]

1,55 1,39 [10]
Dispersion-shifted fibre 1,064 1,2 [8]

1,467 0,65 [8]

T,55 ~T,T[T7]
Dispersion compensation fibre 1,55 ~0,7 [11]

The difference in fibre mode-field diameter has been identified as the major reason for the
difference in the threshold powers because the fibre fuse depends on the power density [7], [8].

On the other hand, it is difficult to identify the threshold power for self-initiated fibre fuse (without
any external cause) because it varies significantly. The threshold powers for self-initiated fibre
fuse significantly exceed 1,4 W and 1,2 W for standard single-mode fibre (SMF) and dispersion
shifted fibre (DSF) respectively.

Further information on the generating mechanism, the characteristics of fibre fuse and the
prevention and termination of the fibre fuse are described in Annex A.


https://iecnorm.com/api/?name=6eb0f68d9b0cffb1a887253c4ae0e911

-10 - IEC TR 61292-4:2023 © IEC 2023

4.3 Loss-induced heating at connectors or splices

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. Subclause 4.2
provides experimental data and considerations for the information of the thermal effects induced
by connector and splice losses in high-power amplifiers [12].

Figure 2 shows temperature increase versus connection loss when measured by the conditions
shown in Table 2. MU type optical connectors (IEC 61754-6 series [13]) for standard
single-mode fibre (SMF) and dispersion shifted fibre (DSF) were used for this measurement.
The connector loss was increased by optical flbre mlsallgnment The optlcal source used was

a2Ww ouple
placed on the sleeve. Since the MU ferrule dlameter was only 1,25 mm, the sleeve tempefature
was factor

Largef increases in temperature are observed in DSF rather than in SMF dug'to higher power
densifly. The result suggests that the temperature increase could be within,10,°C under practical
condifions of loss and power. A commercial dry-type connector cleaner{was used in every test
for clganing the endface of the connectors.

obserjed. The experiments in which a cleaner was used identified no problems in terms of
fibre/¢onnector damage and reliability. Without the cleaner._however, the experiment with the
DSF gonnector indicated that fibre fuse could occur afterrepeated connection-disconnection of
more than 200 times.

During repeated connection-disconnection of the connectors, negither damage nor fibre fus'Fwas

Such femperature increase, and accordingly the danger of fibre fuse, will be worse for nofp-zero
dispefsion shifted single-mode fibre (NZ-DSF)connectors than for SMF connectors but petter
than for DSF connectors, because the effective area of SMFs is typically larger than that of
NZ-D§Fs, and the effective area of NZ-DSFEs is larger than those of DSFs. Further quant|tative
studids are needed. Other types of physical contact (PC) connectors, like SC connectorg (see
IEC 6{1754-4 [15]), show similar temperature responses, because only their ferrule radii| differ
from MU type connectors.

In conclusion, it is 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
momgnt. However, it is\\@dvisable to eliminate dust and contamination from the con%ector
endfafes and splice(points that could locally induce high temperature increases accordjng to
the pgwer density absorbed.

Table 2 — Measurement conditions

Parameter Conditions
Fibre SMF, DSF
Connectors MU type
Ferrule Zirconia

Connector/splice loss

Imperfect alignment

Wavelength

Raman pump: 1 480 nm

Power

2w

Temperature measurement

Thermocouple on the sleeve
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25

Temperature increase (°C)

0,4 0,6

Connection loss (dB)

IEC

Figure 2 — Connection loss versus temperatdre increase

4.4 |Connector endface damage induced by dust/contamination

The purpose of 4.4 is to show the increase in attenuation of the connector under test whe¢n the
light gower into the fibre is extremely high [16].

Figure 3 shows the scheme of the measurement set-up used in the test. The pump lase

Ramaln amplifier is used with a maximum nominal power of 2 W, at a wavelength of 1 45

<

Briable power
laser source

device

Branching

%

Climatic chamber

Branching

device

99,9 %

1%

I

Connector
under test

Power
meter 2

0,1%

PC for acqui

slition
and data analysis

r of a
b nm.

J

Power
meter 1

Figure 3 — Test set-up

IEC

The optical connectors used are SC-PC type with a perfectly clean surface and with skin grease
(from the human operator), dust (from the floor of the lab), and metal filings (from a metallic

sleeve) applied.
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Test result 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 than 0,02 dB and the visual examination of the fibre surface
microscope did not show any damage.

Test result on connectors contaminated with skin grease

at the

A layer of grease was put down on two plugs without any defect, by simply touching the
polished surface with the hands. When increasing the power from 100 mW to 1 200 mW at

higher than the ones obtained for the other conditions.

During the test, already at 200 mW, the)attenuation increased by about 0,3 dB.
400 mW step, the damage became ewvident as the attenuation increased to 1,1 dH
Figure 5). As failure occurred, the test’was stopped to visually inspect the surfaces.

Obvious signs of burning were(0bserved on the core of both fibres that could n
eliminated by cleaning the surface. The visual inspection of polished surface thro
microscope (Figure 6) shows fused metal embedded on the fibre cores.
contaminations are not removable by cleaning the surfaces.
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Figure 4 — Surface condition contaminated with metal filings, before the test
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Connection of two plugs contaminated with metal filing
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4.5

Fibre coat burn/melt induced by tight fibre bending

S
>
Q\
\E qﬂlug 1 Plug 2

clusion, itw gdnfirmed that there is no damage risk to the connectors due to high gptical
ﬁ@’nditions tested, if the connectors are correctly used and handlg¢d.

IEC

In

Ular, it b—l advisable to ever open connectors while high optical power is p3ssing
h them:-However, a correct cleaning procedure and visual analysis of the polished
ctorsurface is fundamental for a good and reliable network, particularly when metallic
sIeest\@e used.

Subclause 4.5 provides some examples of the fibre coat burn or melt induced by tight fibre
bending [8]. The fibre coatings used were

a) UV curable resin: white, blue, green, and uncoloured, and

b) ny

lon white.

The fibre used was single-mode (SMF).
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By using a thermo viewer image of the bent fibre, the highest temperature at the surface of
each fibre coating was measured. Figure 7 shows an image of the tightly bent fibre with an
optical power of 3 W at 1 480 nm. Shown in Figure 8 is the temperature at the coating surface
versus bending diameter for 3 W at 1 480 nm. The temperature of the nylon coat surface
reached 150 °C or higher; the nylon coating melted or even burned. The nylon coat burned in
the test after the fibre break at the point where the fibre coat melted.

By considering the test results together with the long-term reliability degradation of coated SMF,
it is suggested that the coated fibre bend diameter be kept at more than 20 mm and more than
30 mm for optical powers of 1 W and 3 W, respectively, under the conditions tested. Another
test revealed that transparent UV resin was more durable than coloured UV resin against tight
bendipg-

“IEC

Figure 7 — Thermo viewer image of tightly bent SMF
with optical powerof 3 W at 1 480 nm
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Figure 8 — Temperature of the coating surface of SMFs against bending
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4.6 Summary of the fibre damage

In 4.2, it was found that fibre fuse, once it was initiated for any reason, propagated if the input
signal power was higher than 1,4 W and 1,2 W for SMF and DSF, respectively, under the
conditions tested. However, it is not advisable to even momentarily push the fibre across a
sharp edge that could induce a tight bend and trigger fibre fuse even at a lower power than the
above.

In 4.3, it was shown that the thermal effects induced by the connector and splice losses in high-
power amplifiers could be acceptable under any practical conditions.
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In 4.4, the connectors were tested with the input powers up to 1,2 W. It was found that the only
case that caused permanent damage to the fibre core was when surfaces were contaminated
with metal particles.

In 4.5, fibre coat burning induced by fibre tight bending was addressed. It is suggested that the
bend diameter of coated fibre be kept over 20 mm and 30 mm for optical powers of 1 W and
3 W, respectively, under the conditions tested.

Based on 4.2 to 4.5, it is concluded that power levels up to at least 1,2 W can be used without
damaging OAs. The actual upper limit of the power is under study by considering, for example,
the types of fibre and cleanliness of the fibre endfaces.

In addition, IEC TR 62627-01 [4] describes methods to prevent damage to the conpéctor, and
IEC TR 62547 [3] describes methods to measure the damage of fibre tight bending,

5 Maximum transmissible optical power to keep eyes and skin-safe

5.1 Maximum transmissible exposure (MPE) on the surface of eye“and skin

In IEC 60825-1, MPE is defined as the "level of laser radiation' to which, under normal
circumstances, persons may be exposed without suffering adverse effects" [17]. The| MPE
value$ used by IEC have been specified in the ANSI-Z136 series [18] and are based on non-
humapn experiments. IEC TR 60825-14 gives more details onoMPE [19].

IEC 6P825-2 includes the following text in which it is fequested that optical fibre communigation
systefns (OFCSs) be designed not to exceed the:MPE, including the time period befqre an
autonjatic power reduction (APR) system completes its function [20]:

"Where the OFCS uses an APR feature to.meet the limits of a hazard level that is lowef than
that which would have to be assigned-ifzno APR feature would be present, the irradiance or
radiant exposure during the maximum time to reach the lower hazard level [...] (not greatefr than
1 s fof unrestricted, 3 s for restricted.or controlled locations) shall not exceed the irradiapce or
radiant exposure limits for eitherithe eye or skin (equivalent to MPEs for the eye and|skin),
corregponding to the shut-dowi.period of the APR. For unrestricted/restricted locationls and
contrglled locations the measurement distances are 100 mm and 250 mm, respectively, for this
subclause [i.e., IEC 60825-2:2021, 4.7.4] only."

NOTE [ In the text described in IEC 60825-2, there is a sentence with a clause number, but in the above text, that
numbef is deleted.

In IEQ 60825+2[20], the hazard levels of laser products, including OAs, are determined based
on the classification rule of IEC 60825-1 [17]. In the existing standards, automatic|laser
shutdpwn\(ALS) could have the same meaning as APR.

5.2 Maximum permissible optical power in the fibre for the safety of eye and skin
5.21 Power limit

Table 3 shows examples of power limits for unrestricted, restricted and controlled access (see
5.2.4) of OFCSs that employ APR to reduce the power to a lower hazard level, which is
described with reference to IEC 60825-2:2021, Table D.3 [20]. It is worthwhile noting that the
maximum permissible optical power in such OAs can be increased by reducing the power
reduction time of the APR (the shut down time).
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Table 3 — Examples of power limits for optical fibre communication systems
having automatic power reduction to reduce emissions to a lower hazard level

Wavelength MFD Maximum Maximum Maximum Shutdown Measurement
power output | power output | power output times distance
unrestricted restricted controlled

nm um mW mW mW S m

980 7 9,4 9,4 N/A 1 0,1
980 7 N/A 7,2 N/A 3 0,1
980 7 N/A N/A 39 3 0,25
L ESALAY I Z OO0 /[ Z OO0/ N/A I U,
11310 11 N/A 1966 N/A 3 071
1310 11 N/A N/A 10 347 3 0,2p

1 400[to 1 500 11 1598 1598 N/A 0,3 0,1

1 400[to 1 500 11 650 650 N/A 1 0,1

1 400[to 1 500 11 N/A 389 N/A 2 0,1

1 400[to 1 500 11 N/A 288 N/A 3 0,1

1 400[to 1 500 11 N/A N/A 2 403 2 0,2p

1 400[to 1 500 11 N/A N/A 1774 3 0,2p

1| 550 11 2 539 2 539 N/A 0,5 0,1
1| 550 11 1273 1273 N/A 1 0,1
1| 550 11 N/A 639 N/A 2 0,1
1| 550 11 N/A 428 N/A 3 0,1
1| 550 11 N/A N/A 2 640 3 0,2p

NOTE|1

9,1 unp.

Source: IEC 60825-2:2021, Table D.3 [20].

The fibre parameters used are the. most conservative case. Listed figures for 2 =1 310 nm to 1 550 nm
are calculated for a fibre with 11 ym MFD ‘and those for 1 = 980 nm are for 7 ym MFD. Many systems operating at
1 550 jnm with erbium-doped fibre amplifiers (EDFAs) pumped by 1 480 nm or 980 nm lasers use transmjission
fibres |with smaller MFDs. For example,)T 550 nm dispersion shifted fibre cables have upper limit MFD values of

NOTE| 2 Times given in the'\table are examples. The shutdown times shown include shorter times than the
maximjum. Shorter shutdowmtimes enable the use of higher powers. The maximum times are 1 s for unres}ricted
locatigns and 3 s for restricted and controlled locations, respectively.

NOTE|3 The high-pewer density in an optical fibre cable can cause fibre fuse, which leads to high tempdrature
along the fibre cable-

For these/power limits, it is assumed that the user does not employ any optical instrumgent or

viewing optics within the beam. VVhen optical Instruments or viewing optics are not used,
devices classified as 1M are considered safe under the conditions indicated in IEC 60825-1
[17]. However, they can be hazardous if the user employs optical instruments or viewing optics

within the beam.

5.2.2

Need for APR

ITU-T Recommendation G.664:2012, Appendix Il, suggests that APR is needed not only on the
main optical signal sources but also on all pump-lasers employed [6]. It specifically states:
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"[In particular,] distributed Raman amplification systems will need specific care to ensure
optically safe working conditions, because high pump powers (power levels above +30 dBm are
not uncommon) may be injected in optical fibre cables. Therefore, APR procedures [are required
in order to] avoid hazards from laser radiation to human eye or skin and potential additional
hazards such as temperature increase (or even fire) caused by local increased absorption due
to connector pollution/damages [or very tight fibre bends].

In order to ensure that the power levels emitting from broken or open fibres connections are at
safe levels, it is necessary to reduce the power not only on the main optical signal sources but
also dm al pump-1asers employed, In particuiar the backward pumping 1asers.

5.2.3 Wavelengths

When|determining the safe limit of the optical amplifier power set by the MPE limit, it is advjsable
to include the main optical signal power, the pump-laser powers, and the-eptical superyisory
channlel power, if used.

5.2.4 Locations

Table|4 shows location types within an optical fibre communication system and their tlypical
installations. See IEC 60825-2 for more details [20].

Table 4 — Location types within an optical fibre communication
system and their typicakinstallations

Typical installation
(informative)

-

bcation type

Domestic premises, services industries that are open to the general public (e.g. shops
and hotels), public areas on trains, ships or other vehicles, open public areas such as
Unredtricted access parks, streets, etc., non=secured areas within business/industrial/commercial prenpises
where members of-the public are permitted to have access, such as some office
environments

Secured areds)within industrial premises not open to the public, secured areas within
business/commercial premises not open to the public (for example telephone private
Restr{cted access automatic-branch exchange (PABX) rooms, computer system rooms, etc.), general
areas,within switching centres, delimited areas not open to the public on trains, sh
or-other vehicles

ps

Cable ducts, street cabinets, dedicated and delimited areas of distribution centres|, test

Contrplled access : .
rooms in cable ships

5.2.5 Nominal ocular hazard distance (NOHD)

In contrelled locations, NOHD at which the level of exposure drops to the MPE for the gye is
25 cm, because personnel is expected to be trained to keep the 25 cm distance. Otherwise, the
NOHD is 10 cm, because the minimum focal distance for the human eye is generally known to
be 10 cm.

5.2.6 Power reduction times

Power reduction time is the maximum time span after the incident before the APR completes
its task. ITU-T Recommendation G.664 suggests, as information, the power reduction times for
OAs in multi-vender systems. For systems without line amplifiers, the APR time suggested is
less than 800 ms, and that for OAs in systems with line amplifiers is less than 3 s, as described
in ITU-T Recommendation G.664:2012, Appendix |l [6]:
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"After at least 500 ms of continuous presence of the LOS (loss of signal) defect, the actual
shutdown command will be activated, which shall result in reduction of the optical output power
at MPI-S [(single channel source main path interface reference point)] within 800 ms from the
moment loss of optical signal occurs at MPI-R [(single channel receive main path interface
reference point)].

[...]

In order to avoid exposure to hazardous optical power levels, all amplifiers (boosters and line
amplifiers) shall have sufficiently short deactivation times to accommodate shutdown of all
amplifiers between MPI-S and MPI-R within 3 s from the moment the actual connection
interryrptfon occurs.

NOTE Depending on the actual operational power, the 3 s shutdown time (defined in the past) might not [be fast
enough. A check against IEC 60825-1 [...] is recommended."”

Within the above limit, the maximum permissible optical power shown in (Table 3 can be
incregsed if the power reduction time for the APR can be shortened, ‘Figure 9 shows the
maxinmum permissible power in the fibre against APR power reduction times.
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T T T
]
L1l

\
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\ \ NOHD = 25 cm
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T |

L
| T

3 000
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Maximum permissible power (mW)
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C NOHD = 10 cm 1

L ]

O n n L L n L n n
0 1 2 3
APR power reduction time (s) IEC
NOTE In the restricted/controlied area, the OA classification is determined based on the optical power mgasured

3 s aftgr the incident.

NOTE 2 Fibre mode field diameter = 11 ym, wavelength = 1 480 nm.

Figyre 9 — Maximum permissible power in the fibre against APR power reduction {ime

5.2.7 Medical aspects of the safety of eyes and skin in existing standards

Concerning the medical aspects of the safety of eyes and skin, the following information is
found in IEC TR 60825-14 [19].
a) The retinal hazard region is typically understood as 400 nm to 1 400 nm.

b) The pupil diameter used here is 7 mm assuming a dark room, although it is 4 mm to 5 mm
in a regular room.

c) From 1 400 nm to 1 500 nm, for exposure time t =1 ms to 10 s, the MPE values are the
same for cornea and skin, being given as 5 600 ¢ 0,25 Jm=2. However, the consequences
of injury to the eyes are usually much more serious than equivalent injuries to the skin.

d) There is no "eye-safe" wavelength band.


https://iecnorm.com/api/?name=6eb0f68d9b0cffb1a887253c4ae0e911

IEC TR 61292-4:2023 © IEC 2023 -19 -

Infrared light with a wavelength > 1 400 nm (or sometimes > 1 300 nm) normally does not
penetrate into the eye but causes damage to the cornea. It is also understood that visible light
(400 nm to 700 nm) and light £ 1 400 nm penetrate and cause damage to the retina. It is also
known that retina damage is normally incurable: retinal cells do not re-grow.

6 Maximum optical power permissible for optical amplifiers from the viewpoint
of fibre damage as well as eye and skin safety

Based on 4.2 to 4.5, it was concluded in 4.6 that power levels up to at least 1,2 W can be used
without damaging fibres under the conditions tested if the following conditions apply:

e the fibre bend diameter is more than 20 mm;

o the connectors are kept "clean".

Next, [from the viewpoint of eyes and skin safety, it was understood from 5.2 that’'pump p
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Annex A
(informative)

General information for optical fibre fuse

Introductory remark

2023

Optical power in optical fibre is being increased to achieve an efficient transmission network by
increasing the optical signal channel number and by maintaining a suitable SNR at a high

transmission speed b

has |

the p
propa
core
fibre
mech

discharge that occurs when bubbles are formed. Recently, several prevention and termi

methd

Anne
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fibre fuses.

Anne
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The f
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and/of
Figure A.1). This phenomenon results in catastrophic destruction of the optical fibre wave

using a high-power optical fibre amplifier and Raman amplification
d to increased concern about the damage caused by the fibre fuse phenomenan,
enomenon is initiated, a bubble train forms in the fibre core after the fibre fuse;
ates towards the high optical power source and continues until the opticalower
lls below the threshold fibre fuse power. Optical signals cannot be transmitted th

hnisms, the bubble formation mechanism and the emission properties’from the p

ds for the fibre fuse have been proposed.

A gives a general description of the generating mechanism and characteristics o
nd prevention and termination for the fibre fuse for a greafer understanding about ¢

A is based on Technical Paper TP08/AM-2010-{21].

Generating mechanism

bre fuse phenomenon was first observed in 1987 by Kashyap and Blow [7].

core toward the light source at a‘relatively low velocity in the order of 1 m/s. Pg
non-periodic voids were left.after the blue-white flash passed through the core

Damaged core, showing periodic voids

. This
Once
and it
in the
rough

damaged in this way. There have been several studies regarding)the genegration

asma
hation

f fibre
ptical

f this

menon was initiated in the fibre, @anintense blue-white flash occurred and ran alogg the

riodic
(see
juide.

Fuse propagation

IEC

Figure A.1 — Front part of the fibre fuse damage generated in the optical fibre

In the experiments, the fibre fuse can be initiated by contacting the fibre output end with
absorbing materials, heating the fibre by arc discharge, formation of bends and knots, and
heating the fibre end with a flame or the heating furnace. The local heating of the fibre core due
to large high-temperature light absorption is closely related to the generation of the fibre fuse
phenomenon.
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Several hypotheses have been put forward to explain the fibre fuse phenomenon. Typical
hypotheses are shown as follows.

a)

b)

e)

Self-propelled self-focusing model [7]: It is considered that thermally generated third-order
nonlinearity is produced by avalanche ionization in this model. The heating process
increases the number of free electrons in the core through collisions and increases the local
third-order nonlinearity. The increase in the nonlinearity causes self-focusing and collapse
of the laser beam, resulting in the fibre fuse.

Solitary thermal shock wave model [22]: In this model, a solitary thermal shock wave is
responsible for the fibre fuse. The periodic damage track left after the passage of the shock
wave arises through mode focusing in the thermal lens created by the wave.

EXothermic chemical reaction model [23]. Tt is proposed in this model that thg high
tenperature in the fibre fuse occurs by an exothermal chemical reaction of Ge-related’defect
formation with no light absorption.

Radiative-collision reactions model [24]: In this model, the fibre fuse occurs bythe rad{ative-
cdlllision reactions between SiO molecules and neighbouring non-bridge O.atoms in th¢ fibre
core with large light absorption coefficients.

Sip absorption model [25]: In this model, the fibre fuse occurs by thethermal produciion of
SiPp molecules with large light absorption coefficients at high temperatures.

Amonpg these models, the avalanche ionization of the silica glass described in a) cannot be
realized by using the conventional CW laser (0,1 W to 10 Whoutput power) for the fibre fuse
experlments. The thermal lens formation described in b)~needs the large light absorption
coeffigient of 540 cm~" to obtain a large temperature gradient in the core. However, the [origin
of theg large absorption coefficient is not at all clear-n_[22]. Item c) in the above list dannot
explain the generation of the fibre fuse observed in non-Ge-doped optical fibbers. The radjative-

collisipn reaction described in d) is not popular for'US and European researchers.

On thg other hand, e) is based on the well-knewn thermochemical reaction of SiO,, and|it can
be applicable to many types of optical fibres. The fibre fuse parameters estimated by usjing e)

are in[fair agreement with the experimentally determined values.

The SiO absorption model is shown in Figure A.2. The a (unit: m=1) exhibits the absdrption
coefficient of SiO (at the wavelength of 1 064 nm) per unit length of 1 m. The fibrg fuse

generption processes due to this model are as follows.

1)

2)
3)

4)

5)

When the optical fibre\is heated up to high temperatures of > 2 000 K, a lot of SiO molecules
arg produced by the-thermal decomposition of SiO, glass, which is the main componfent of

the optical fibre:

Sip exhibits<a large light absorption coefficient at high temperatures of >2 000 K. So,

hgating of.the optical fibre is enhanced by increasing the optical absorption of the SiQ.

THe heat in the core, produced by the optical absorption of the SiO, diffuses into thg low-
temperature parts placed outside the core.

When the heat produced in the core overcomes the heat consumed by diffusion, the core
temperature is reached at 10 000 K or higher, where the SiO is thermally decomposed into
the neutral atoms or charged ions and is in the plasma state.

The plasma state occurred in the core is continuously maintained by absorbing the laser
power supplied by the light source and is propagated along the fibre toward the source.
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Figure A.2 — SiO absorption model

light propagates toward + direction of the z axis. r/r; is the normalized radial dista

entre. As the initial condition-of Figure 3 at the time ¢ = 0 s, it was assumed that the

| fibre after 1 ms (£ =.1"ms), 22 ms (¢ = 22 ms), and 43 ms (¢t = 43 ms) were as shq
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A.3 exhibits the calculated fibre fuse-'propagation behaviour simulated with the SiO
btion model. Value z is the axis along'the fibre length and of the laser-light propagation.

nce r

d by the outer radius r; (= 62,5_um) of the optical fibre, and »/r; = 0 is the location [of the
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Figurg 3. As shown in(Figure A.3, a sharp thermal peak with high temperature of > 50 P00 K
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5 after 1 ms at the small core region at z = 0, which was pre-heated at 2 500 K and ¢

=0s.
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of abqut 0,4 m/s/ This fibre fuse velocity estimated with the SiO absorption model agree$ very

closelly with the experimentally determined one [26], [27]. In addition, the propagation beh
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thepmal'peak is also explained by the propagation of the heat dissipative soliton [2
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A.3 Void formation mechanism

In order to investigate the void formation mechanism, one would need to observe the molten
glass surrounding a fibre fuse directly, but this is hardly possible due to its strong light emission,
i.e., black-body radiation more than several thousand K [29]. Alternatively, a mechanism has
been proposed on the basis of the observation of the voids left after quenching a fibre fuse.
Figure A.4 shows a set of fused damage micrographs that suggests a mechanism of periodic
void formation [30]. These are the front part of void trains obtained by switching off the 9,0 W
pump laser (wavelength: 1 480 nm) after a fibre fuse was generated in a single-mode fibre and
was moving through a bare fibre segment. The reason of terminating the fuse at a jacket-free
segment is to maximize the quenching rate of the molten glass by eliminating a re-absorption
Ofba Sta "iv’G’ ;G;G‘; € GG““” ";‘ et rey—are—SoO .jerof
incredsing the distance between the top of the first large void in the left and the regular|voids
in thg right. This sorted sequence seems to show frozen structures during a_Single void
formation process for 18,7 ps as described below.

a) A pridge appears at the tail of the top long void — see Figure A.4, photographs number (1)
and (2).

b) THe pinched-off void is compressed by the pressure of the plasma — see Figurg A.4,
photographs (3) to (6).

c) Tdform a bullet-like shape — see Figure A.4, photographs (1) and (2).

The origin of this bridge formation is proposed to be Rayleigh instability [27] or electrgstatic
repulgion induced on the liquid-plasma interface [31].
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Figure A.4 — Series of optical micrographs showing damage generated by 9,0 W
1 480 nm laser light suggesting a mechanism of periodic void formation

A.4 Propagation characteristic of a fibre fuse

Clause A.4 describes two basic characteristics: plasma propagation and periodicity of the voids
in optical fibres.

Figure A.5 shows some images of fibre fuse ignition taken with an ultrahigh-speed camera
(Figure A.5 a) and Figure A.5 b)) and an optical micrograph of the damaged fibre (Figure A.5 c)).
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The fuse was initiated by the heat from light absorptive powder pressed on the output endface
of a single-mode fibre delivering 9 W of light (1 480 nm). After a preliminary process, a stable
running plasma appeared at the inside from the fibre end (approximately 300 pym in this case)
leaving a periodic void train. Its speed was found to be constant at the resolution of
microseconds [32].
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a)l Photographs of visible light emission around the fibre fuse ignition in which original 'grayscalle
images are converted to colour-scale ones
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b) Intensity profiles along the dashed lines on {he‘photographs taken every 10 ms
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c) \Optical micrograph of a damaged fibre

-

igure A.5 — Images of fibre fuse ignition taken with an ultra-high-speed camerja
and an optical micrograph of the damaged fibre

Figurg A.6 shows the relationship between the power density supplied to the fibre fuse and the
propagation:velocity at the wavelengths of 1 064 nm and 1 480 nm [25]. The open and ¢losed
circles are.the experimental results [26], [27], [33]. The velocity of the fibre fuse increases with
incregsing the power density, and exhibits the values of 0,2 m/s to 1,2 m/s. The solid lings are
the calculation results estimated with the SiO absorption model. The step-index single-mode
fibre was assumed in the calculation. This fibre-fuse velocity estimated with the SiO absorption
model agrees very closely with the experimentally determined ones.

In addition, Figure A.7 shows various void train patterns that were obtained by changing the
pump laser power (1 480 nm) [30]. Under some conditions, the periodicity was lost. In other
cases, the void interval increases with the laser intensity. When the laser power is reduced
below 1,2 W, the fibre fuse cannot propagate stably and diminish spontaneously.


https://iecnorm.com/api/?name=6eb0f68d9b0cffb1a887253c4ae0e911

- 26 — IEC TR 61292-4:2023 © IEC 2023

2 T T T T T 2 T T T T
or A=1064 nm 1 1er A =1480 nm i
E12¢ E12F _
2 > r
% 08 % 08
> + 4 > v\
04k Calculat_ed by "SiO | 04 Calculated by "SiO -
absorption” model | i absorption” model
0 " 1 " 1 " 1 L 1 L 1 ' 0 L L L L L 1 L 1 L
0 2 4 6 8 10 12 0 2 4 6 8 10
Power density (MW/cm?2) Ec Power density (MW/cm?) s fec

a) |Propagation velocity at 1 064 nm wavelength b) Propagation velocity at 1 480 n Qavelen gth

Figure A.6 — Power density dependence of the fibre-fuse propaga&)ﬂfvelocity
N
&

IEC

S
Figure A.7 — Optical mi 6graphs showing front part of the fibre fuse damage genefrated
in SN@ fibres with various laser intensities (1 480 nm)
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A.5 Preven@énd termination

A.5.1 Sﬁqal

If an )p@al fibre fuse is generated, optical signal transmission becomes impossible from the

resulting damage. A prevention method that prevents the optical fibre fuse from being generated,
and a termination method to prevent damage from propagating when it is generated, are both
required for achieving practical optical fibre transmission systems. The prevention methods and
termination methods which have been reported so far are introduced in A.5.2 and A.5.3.

A.5.2 Prevention methods

In order to prevent fibre fuse, the countermeasure against contamination of an optical fibre
connector endface, which is one of the main generating factors of the fibre fuse, is important.
IEC TR 62627-01 describes this countermeasure [4]. Furthermore, literature relating to an
optical fuse and optical limiting devices for suppressing light intensity in an optical fibre within
light intensity for an optical fibre fuse to generate or propagate exist [34].
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