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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
1) Thqg International Electrotechnical Commission (IEC) is a worldwide organization fo 8 izati prising
all |national electrotechnical committees (IEC National Committees) The ghje f & i romote
intgrnational co-operation on all questions concerning standardization in the edectrica and ic\idlds. To
thig§ end and in addition to other activities, IEC publishes International Standa i xifigations,
Tedhnical Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guijdes € 5 “IEC

Puljlication(s)”). Their preparation is entrusted to technical committees; an i i interested
: : ! o : . - ] . L non-
closely

governmental organizations liaising with the IEC also participate i
i ined by

with the International Organization for Standardization (ISO)
agreement between the two organizations.

2) Thqg formal decisions or agreements of IEC on technical matters 2 i i ational
consensus of opinion on the relevant subjects since € om all
intgrested IEC National Committees.

3) IEQ Publications have the form of recom ational
Compmittees in that sense. While all reasonab of IEC
Puljlications is accurate, IEC cannot be h or any
misjinterpretation by any end user.

4) In ¢rder to promote internatjopal uniformit i i ications
trarjsparently to the maxinfum “e it i ] > i icati . ivgrgence
betjveen any IEC Publication e ending national’or regional publication shall be clearly indidated in
thellatter.

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

6) All bisers should ensute tha S atest edition of this publication.

7) No [liability shall dttac s_directors, employees, servants or agents including individual expefts and
members of its technical co it EC National Committees for any personal injury, property danjage or
other damage o 3 whatsoever, whether direct or indirect, or for costs (including legal feds) and
explenses ansing Ou jcation, use of, or reliance upon, this IEC Publication or any other IEC
Puljlication

8) AttgntionN Mt the Nopmative references cited in this publication. Use of the referenced publications is
indispensabte S icati i icati

9) Attgntion is“draw possibility that some of the elements of this IEC Publication may be the sulbject 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. Howelver, 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 bge found on the IEC website.

The dommittee has decided that the contents of this publication
the sfability date indicated on the IEC web site under "http://web
related to the specific publication. At this date, the publication

* refonfirmed,
e withdrawn,
* replaced by a revised edition, or

+ amended. Q
A bilingual version of this publication may sued at-alaterdate.
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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

opticdl power — up to, possibly, several watts.

Excegdsively high optical power may cause physical

compgpnents/equipment as well as present medical danger to the hunia

The plossibility of fibore damage caused by high optical intensi

at some technical conferences. IEC technical committee 86
86A (Fibres and cables) has published IEC 62547: Guidelj
power damage sensitivity of single-mode fibres to bend
results. IEC technical committee 31 (Equipment for explgsive
the rigk of ignition of hazardous environments by radiatit

76 (Qptical radiation safety and lasernequi
concgpt of hazard level and labelling gna¢
in relgtion to tissue damage.

With {he recent g
been |identified
techn|cal details andKrequi

This fechnica
opticql powe W e fox opfical amplifiers.

ptical

ussed
mittee
high-

the interpretation of
s) is also discussing

mittee
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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 'aIIy available

opticdl amplifiers (OAs), including optical fibre amplifiers (OFAs) 5 well

as Raman amplifiers. Semiconductor optical amplifiers (SOAs) gain

medigd are also included.

This fechnical report provides a simple informative guidelin ptical

powel that causes high-temperature damage of fibre. i sed” is \optical safety for

manufacturers and users of optical amplifiers by reiterati banti isting

standards and agreements on eye and skin safety

To idgntify the maximum permissible otlcal pPQ amplifier from damagg-free

and safety viewpoints, this technical r ¢ s thedfollawing values:

— the optical power limit that causes 8 ) he fibre, such as fibre fusg and
fijgre-coat burning;

— thp maximum permissib ithout
cgnsequential injury;

— the optical power space
prppagation from the

— thg absolute plifier
by comparing

The opjective of < gnding

in the| industr ecessary alarm and hinder the progress and acceptance

of adyancingloptica ifre chnologies and markets.

It is importan oMt oyt that the reader should always refer to the latest interndtional

standards a eexments because the technologies concerned are rapidly evolving. In fact

the cqncept of-hazard level and labelling is still evolving: more rigorous labelling requirements

are undercdiscussion’in IEC Technical Committee 76 as of October 2008.

The presenttechmicat teportwitt-befrequentty Teviewedamd-—witt beupdated—byincorporating

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
requirements

and
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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 tf]e 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
MPI-S
NOHI
NZ-D
OA
OFA
SMF

single channel receive main path

cause

ijre fuse'and.its pyopagation;

)
b) heating in the splice point/connection point;
c) fire.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
opticdl power was continuously launched into the fibre. The wavelengt the high=power
opticql source was 1467nm, which is a typical pump wavelength for dis ed Raman
amplification.

Sample 10m-20m

11467 nm SMF Optical power
Max. 6 W 4:': meter
IEC |146/10
Figure 1

It wag confirmed that the te ’ i portion heated when the fuse initiatefd was
greater than 1 000 °C. the fi Pbegan propagating, the optical source powdr was
contiffuously re ' gation stopped. The threshold power for the fuse
propagation was "N for standard single mode fibre (SMF) and dispersion ghifted

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
differ.— nea in tha thranchald navware hanaian tha filhen fiion AanAanAae AN thn ~nAvnr Aancifyy [1]1
A2 BA A R LR BRI RAYIERI R AR VIS AR Aw AW | PUVV\JI\J L"AAYACAE"AV NN R AV R ) WA IV auy BV Fw ) v \JUPUII\A\J T trne 'J\.IVVIUI A A2 RE-ANY .

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.
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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 [2] [3] as follows.

The main physical mechanism responsible for the fibre fuse phenomenon and its propagation
is optical discharge propagation due to thermal conductivity. It can be initiated in most fibre
types by launching a CW laser into a fibre and ensuring contact of the fibre output end face
with some absorbing surface or by heating a section of the fibre.

The temperature of the optical discharge plasma is about 5 000 °K to 10 000 °K. The speed of

its propagation is about 1m/s in typical single mode fibres at a laser power-of approxirpately
1 W. Examination of the fibre core after such discharge reveals extensiv b form
of voifls which have the form of bubbles (sometimes periodic) or long iy nts.
Becauyse the most probable reason for optical discharge is a contami Wd Ta fusion
splicing is the most reliable way to reduce the risk of high-pg ; i isdlators
used jn some schemes can also be damaged. Unfortunately, thei ili igh power
is an ppen question.

The liferature [3] includes a figure reporting the meag ensity
for tHe propagation of optical discharge throug such
propagation is terminated) on the mod i [ core
compgsitions.

The figure includes 21 data points ameng whit using
1,48 micrometer wavelength for silica-ba g e ypical
opticdl transmission systems,

The threshold intensit e field
diamdter) Dm = 12,6

4.2.3 Conclu@

The threshold optica { puse propagation reported in Figure 1 and Table 1 were
found|to be 1,4 iF and DSF respectively under the conditions testgd. On
the ofher hagd, i yn threshold varied significantly, although they well excg¢eded
1,4 W and 1,2 W. ther repoft identified that 1,3 W could be allowed for SMF, although the
informat ilak

4.3 |Loss-induced heating at connectors or splices

4.31 Introduction

In extremely high power optical amplifiers, the Toss-induced heating at fibres and connectors
or splices could lead to damage, including fibre-coat burning, fibre fuse, etc. This subclause
provides experimental data [4] and considerations for information.

4.3.2 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 [5].
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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

Iemperature measurement

I'hermocouple on the sleeve

4.3.3 Results and considerations

Figure¢ 2 shows temperature increase versus connection loss. Mere in se was
obserjed in DSF than in SMF due to higher power density.

25 T : :
| —e—swF] 5 f
~ 20 DSl N N
s 1 N &Y )
© 15 romeermeomeiees -------- " . o D N -
o] I ) ! AR
5 i : P XD i ]
£ i ; NN | ]
O 10 b IS SO ]
= F : P h : 1
© < L X | . s 1
o) i Nt ! ! ; b
Q F Do ! i | e
o) [peeadlases ‘.4 ......... S ...................... ........... -
AP o : 5 A
L M LNt ] 5 s 8 F j .|
b4 06 08 10 12

Connection loss (dB)

IEC 147/10

The
condifi

he temperature increase could be within 10 °C under rejalistic
Wer. A commercial dry-type connector cleaner was used each time.

During repeated connection-disconnection of the connectors, neither damage nor fibrg fuse
was gbsé€rved. The experiments with the use of the cleaner identified no problems in tefms of
fibre/C rabitity W ; ; ith the
DSF connector indicated that fibre fuse could occur after repeated connection-disconnection
of more than 200 times.

Such temperature increase, and accordingly the danger of fibre fuse, for non-zero dispersion
shifted single-mode optical fibre (NZ-DSF) connectors will be worse than SMF connectors but
better than 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.

4.3.4 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
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connector end faces and splice points that could locally induce high-temperature increases
according to the power density absorbed.

4.4 Connector end-face damage induced by dust/contamination
4.41 Introduction

The purpose of this measurement is to evaluate the increase in attenuation of the connector
under test when the light power into the fibre is extremely high. This technical report
summarizes the document available from Telecom ltalia Lab [6].

4.4.2 —Festsetup

Figurg¢ 3 shows the scheme of the measurement set up used in the tes ser-pump of a
Raman amplifier was used with a maximum nominal power of 2\ clength of
1 455[nm.

Climatic chamber

Branching
Vafiable power device
lager source 99

—

Conecto

er test

N\
NS

er Power
meter meter 1

Q IEC |148/10

gure 3 — Test setup

4.4.3

Each |step™was’aintained for 2 h. The optical connectors used were SC-PC type with a
perfegtly clean~surfackg, with skin grease (from operators), with dust (from the floor of the lab)
and with metal filingsA(from a metallic sleeve).

4.4.4] 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.

4.4.5 Test on connectors contaminated with skin grease

A layer of grease was put down on two plugs without any defect, by simply touching the
polishing surface with the hands. When increasing the power from 100 mW to 1 200 mW at
ambient temperature, the attenuation varied within a few hundredths of a dB. The visual
inspection with a microscope after the test showed a cleaning effect, probably due to high
temperature near the fibre. After the surface cleaning, no damage was observed.
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4.4.6 Test on connectors contaminated with dust

In this case, dust from the laboratory floor was put on the polishing surface of the plugs. After
the initial increase of the attenuation from zero (= normalized value) to 0,06 dB with 200 mW
input power, the attenuation started to decrease with the increase in the power until —0,15 dB
with 1,2 W input power. This effect of improvement in power transmission could be due to a
cleaning action of the high temperature on the finest particles. Also in this case, after the
cleaning at the end of the test, the surfaces did not show any damage.

4.4.7 Test on connectors contaminated with metal dust

In this_test, we put down on the plug surfaces metal dust obtained by filing a metallic sleeve of
an adapter. This condition simulates the presence of metallic particles—produced~Hy the
friction of the ferule during the insertion into a metallic sleeve.

C 149/1(

Figure 4 — Surf ed with metal filings, before the test

onnegtion 0 Rlugs contaminated with metal filing

1,6 /\ 1,6
’ \\ \_/ )
S\ 1
12 £
) : .
1,0 &
[ o
5 0,8 0,8 s
o [}
S 06 06 S
£ / g
S 04 I 0,4
| 0.2 ! 0.2
0 T 7 T : t 0
0 50 100 150 200 250 300
Time (min) IEC 150/10

Figure 5 — Variation of the power attenuation during the test at several power input
values for plugs contaminated with metal filings

The first test was performed by heavily contaminating the surfaces, as Figure 4 shows. This is

clear from the initial attenuation value that was 3 dB to 4 dB higher than the ones for the other
conditions.
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During the test, already at 200 mW, the attenuation increased by about 0,3 dB. At the
400 mW step, the damage was evident with attenuation increased to 1,1 dB (Figure 5). As
failure occurred, the test was stopped to visually inspect the surfaces.

WL
i
vl
2
151/10
Fig 3 : i ; after the tpst
Obvio ot be
elimi )spection by a microgcope
(Figurr]e 6) shows fused metal glued lots are not removable by
cleaning the surfaces.

4.4.8 Conclusion

It was y ! e connectors due to high optical power

under| the conditions teésted \if the 3 are correctly used and handled. In particdlar, it
is recommended never to\opeN igh optical power is passing through [them.
Howe)er, a corr lea ual analysis of the polishing connector slirface
is fungdamental f iab atwuork, particularly when metallic sleeves are usgd.

4.5 i s by tight fibre bending
This g ' i ne examples of the fibre coat burn/melt induced by tight fibre
bending i ngs used were (1) UV curable resin: white, blue, greep and

uncolpur s hite. The fibre used was single mode (SMF).

By usji er 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 wjth an
opticdl power of 3 W at 1 480 nm. Shown in Figure 8 is the temperature at the coating slirface
versusg ‘bending diameter for 3 W at 1 480 nm. The temperature of the nylon-coat sdirface
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 should be kept at >20 mm and
>30 mm for the 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 bending.
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4.6

In 4.2
sigha

IEC 152/10

Figure 7 — Thermo-viewer image of tightly
with optical power of 3 W at 1 480\nm
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ure of the coating surface of SMFs against bending
optical power of 3 W at 1 480 nm

hbre-damage experiments

, it was.found that fibre fuse, once it is initiated for any reason, propagated if the
power was higher than 1,4 W and 1,2 W for SMF and DSF, respectively, und

condi

ions tested. However, care should be taken not to momentarily push the fibre acr

input
br the
0SS a

sharp

above.

edge thatmmay mducea tight benmd—and-trigger fibre fuseevernratatower powerthan the

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.

In 4.4, the connectors were tested with the input powers up to 1,2 W. It was discovered that
the only case that caused permanent damage to the fibre core was when surfaces were
contaminated by metal particles.

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

5 Maximum transmissible optical power to keep eyes and skin safe

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

Definition 3.56 of IEC 60825-1 defines the MPE as follows:

MPE j ay be
expos vel to
which h long
time 4 osure
durati range
400 nm to 1 400 nm, the size of the retinal image.”
Here,| the MPE values IEC uses have been specified 1 nimal
exper|ments. Clause 4 of IEC 60825-14 gives more details
Subclpuse 4.8.2 of IEC 60825-2 includes the followihg posmatiye-tex which it is reqyested
that optical fibre communication systems be design maximum permissible
expogure (MPE), including the time peyidbd before er reduction (APR) system
completes its job:
“Whe i i icati LS8 automatic power reduction feature to
meet imi iS at which would have to be assigned if no
automatic power reductio : be.present,”the irradiance or radiation exposure
during zaxd’level shall not exceed the irradiance or
radiant exposure limits . ations the measurement distance is 250 mm
for this subclause only,
Here,|the hazar products including OAs are determined based qn the
classification rule of g existing standards, automatic laser shutdown [(ALS)
could : atic power reduction (APR).
5.2 i ormissible optical power in the fibre for the safety of eye and skir
Infornna ‘ 60825-2 gives the following formula that calculates the majimum
permip P in the fibre by using the maximum permissible exposure (MPE) to
the ey i
2
. md“MPE 1

+—=

4¢ 2
1—exp| - 0125 209
ANOHD

where

P is the total power in fibre, in W;

MPE is the maximum permissible exposure, in Jm=2;

o is the mode field diameter (1/e2 power density), in m;
d is the limiting aperture diameter, in m;

t is the shut down time, in s;

NOHD is the nominal ocular hazard distance, in m;
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A is the wavelength, in m.

Based on the above formula, Table D.14 of IEC 60825-2 shows examples of power limits for
optical fibre 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 60825-14.

Table 3 reiterates the Table D.14 of IEC 60825-2. It must be noted that, however, the
maximum permissible optical power in such OAs can be increased by reducing the power
reduction time of the APR (the shut down time).

Table 3 — Examples of power limits for optical fibre communication systems

Wayelength Fibre mode Maximum Maximum Maximum S own easurement
field power output | power output | power output times istanlce
diameter unrestricted restricted controlled
nm um mwW mwW mwW \
980 7 9,4 9,4 - X N 01
980 N/A 7.2 NN NN 0,1
980 7 N/A - e N8 ) 0,24
310 11 78 78 = 1 0,1
310 11 N/A 59 (| () -3 3 0,1
310 11 N/A RENEEL 3 0,24
1400 ... 1500 11 1598 \ fge8 (|~ =7 0,3 0,1
140 ... 1 500 11 650 N 850 ~_ 1 0,1
1400 ... 1500 11 nA (] 389 N\ - 2 0,1
1400 ... 1 500 11 NA__ \2}}@ - 3 0,1
1400 ... 1 500 11 KA >~ ] 2403 2 0,25
1400 ... 1500 11| N/ </ 1774 3 0,24
2,539 - 0,5 0,1
1273 - 1 0,1
639 - 2 0,1
428 - 3 0,1
- 2 640 3 0,25
NOTE \u\%/d are the most conservative case. Listed figures for 4 = 1 310 qm ...
1 550 for aXibre of 11 microns mode field diameter (MFD) and those for 4 = 980 nm afe for
7 mig
Many] systems\operating>at 1 550 nm with the use of erbium doped fibre amplifiers (EDFAs) pumpgd by
1480 nm or\980 nm ers use transmission fibres with smaller MFDs. For example, 1 550 nm dispgrsion
shiftdd fibre_cables have upper limit values of MFD of 9,1 microns. In this case, the maximum power outputs for
unredtricted and restricted areas at 1480 nm and 1550 nm are 1,44 times the values in Table D.[4 of
|IEC 68825-2and-thoseforcontroHed-areas-at4486-nmeand4-550-nm-are—-46-times-the—valtesinseametable.
NOTE 2 Times given in the table are examples; shutdown at any shorter time than the maximum is
permissible, and may permit the use of higher powers (the maximum times are 1 s for unrestricted locations
and 3 s for restricted and controlled locations, respectively).

Here, it is assumed that the user does not employ any optical instrument or viewing optics
within the beam. When optical instruments or viewing optics are not used, devices classified
as 1M are considered safe under the conditions indicated in Clause 8 of IEC 60825-1.
However, they may be hazardous if the user employs optical instruments or viewing optics
within the beam.
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5.2.1 Need for APR

ITU-T Recommendation G.664, Appendix Il (Considerations on APR mechanisms for systems
employing Raman amplification) states the following, suggesting that the APR is needed not
only on the main optical signal sources but also on all pump-lasers employed:

“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
humap cye Ot skimand—potentiataddittomattazards—such—as—temperature—increase (UI even
fire) daused by local increased absorption due to connector pollution/damages or yery tight
fibre hends.”

“In orger to ensure that the power levels emitting from broken or of 3 onrections are
at safe levels, it is necessary to reduce the power not only on | igna
but also on all pump-lasers employed, in particular the backward pu

5.2.2 Wavelengths

The spfe limit of the optical amplifier power set by the f# i 2 i in gptical
signals, pump-laser powers and optical supervisory cha

5.2.3 Locations

Tablel4 shows location types within an opticalNi icati ir typical

nt}l\/\ tion@s\te

catiop type \/ Typical installation
(informative)

Unres icte \/ Accessible by the public (e.g. domestic premises
premises open to the public)

Re tricted acces Secured areas within business/commercial premiges not
open to the public (e.g. telephone PABX rooms,
computer systems, etc.)

Co ro%d agcess Cable duct, street cabinets, dedicated and delimited
areas of distribution centres

5.2.4 Nominalecuiar hazard distance (NOHD)

In contralled locations, NOHD at which the level of exposure should drop to the MRE for
the eyeTs25TnT, because personmetshoutdbetraimedtokeep the 25 cmdistance—Otherwise
the NOHD is 10 cm, because the minimum focal distance for the human eye is generally
known as 10 cm.

5.2.5 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 follows.

ITU-T Recommendation G.664, Appendix Ill states the following:

“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
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