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TC 76 /IEC 60825-2
(Second edition — 2000)
IS 01

Safety of laser products

Part 2: Safety of optical fibre communication systems

INTERPRETATION SHEET 1

General instruction for all normative clauses, including annex B:

Replacq “Hazard Level 2 “ with “Hazard level 2 or Hazard Igvel 2\
Replacq “Hazard Level 3A” with “Hazard Level 1M or Ha

In Annelx B, 3B Hazard Level, controlled location c6 g S BA” with
“Hazard Level 1M or 2M.”

Delete 4ll remaining references to “Ha

All classgification and hazard level evalta
Amendment 2.

0825-1,

Page 11
442

In table IEC 60825-1, Amendment 2 shall be substityted.

Delete 4

Replacq old’annex B by the following new annex A:
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Annex A
(normative)

Summary of engineering requirements at locations in
optical fibre communication system

Hazard level

Location type

Unrestricted

Restricted

Controlled

1 No requirements No requirements No requirements
1™ 1) Labelling, and Labelling Kﬁbel
2) Class 1* from
connector or connector
requires tool
2 and 2M 1) Labelling, and Labelling abelling
2) Class 1* from K
connector, or connector
requires tool
3R Not permitted ** 1) Labelling, and
2) class 1M or [2M* from
connector or cpnnector
<\ requires tool
3B Not permitted ** 1) Labelling,
and

2) Protected cables,
and

3) class 1M or[2M* from
connector or cpnnector
requires tool

Not permitted **

3

Not permitted*

of connector, automatic power reduction or othef suitable

such as

August 2001



https://iecnorm.com/api/?name=cf73e8ea96e6d1e9505667b0048f6e62

-2 - 60825-2 O IEC:2000(E)

CONTENTS

Page
L@ T T @ 0 3
Clause
Y o 0 1= PP 5
2 NOIMALIVE FEIOI BN CES ettt 5
B D I ON S . e e
4 Manufacturing requUIiremMeNntS........oc.vveiiiiiiieeee e b NG O

4.1| Engineering specifications

4.2 LabelliNg ..o e e D EN D e

4.3| Provision of information ... NG e NN

4.4 Assessment of hazard level

4.5| Requirements for installation ..o S D N X e e

4.6 Requirements for restart pulSes ........coovvve et NG N S e e e e e
5 Guiflance for service and maintenance

5.1| Tests and measurements......c.......... .

5.2

Annex A

Annex H
Annex (

Annex [0
of optic4l fibre c

Annex B (informat

Bibliogr

Figure L

Table 1

Table D.5 — Unrestricted access example SCeNAIIOS ... ..c.ovuiiiiiiiii e e 33

Table D.6 — Examples of power limits for optical fibore communication systems
having automatic power reduction to reduce emissions to a lower hazard level .................... 34


https://iecnorm.com/api/?name=cf73e8ea96e6d1e9505667b0048f6e62

60825-2 © IEC:2000(E)
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3)

4)

5)

6)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF LASER PRODUCTS -

Part 2: Safety of optical fibore communication systems

-3-

FOREWORD
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Dllowing

Full information on the voting for the approval of this standard 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 3.

IEC 60825-2 constitutes part 2 of a series of publications under the general title: Safety of
laser products.

Annex B forms an integral part of this standard.

Annexes A, C, D and E are for information only.
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The committee has decided that the contents of this publication will remain unchanged until
2003. At this date, the publication will be

e reconfirmed;

e withdrawn;

« replaced by a revised edition, or

¢ amended.

A bilingual version of this standard may be issued at a later date.

@%
8



https://iecnorm.com/api/?name=cf73e8ea96e6d1e9505667b0048f6e62

60825-2 © IEC:2000(E) -5-

SAFETY OF LASER PRODUCTS -

Part 2: Safety of optical fibre communication systems

1 Scope

This part 2 of IEC 60825 provides requirements and specific guidance for the safe use of

optical fibre and/or control communication systems where optical power

great d
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treatme

Throug
word "I
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proc

— ensy
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— redu
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stance from the optical source. It does not apply to optical
d to transmit optical power for applications such as materja
nt.

out this part of IEC 60825, light emitting diodes (LED
ser" is used.

pctive of this part 2 of IEC 60825 is to:

usage

Annex A

The foll
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agreements\based>an

applyin

His part of IEC 60825. For dated references, subsequent
of, any of these publications do not apply. However, pgrties to
this part of IEC 60825 are encouraged to investigate the possjbility of

iay b acceisible at

rimarily
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i medical

engver the

ystems.
rding to
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ign, give
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his text,
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the” most recent editions of the normative documents indicated below. For undated

references, the latest edition of the normative document referred to applies. Members of IEC
and ISO maintain registers of currently valid International Standards.

IEC 60794-2:1989, Optical fibre cables — Part 2: Product specifications

IEC 60825-1:1993, Safety of laser products — Part 1: Equipment classification, requirements
and user's guide
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3 Definitions

For the purpose of this part of IEC 60825, the following definitions apply. They are in addition
to those given in IEC 60825-1.

3.1

accessible location

any part within an optical fibre communication system at which, under reasonably foreseeable
circumstances, human access to laser radiation is possible

3.2
automa‘ic power reduction

feature pf an optical fibre communication system by which the accessi uced to
a specitied level within a specified time, whenever there is an ey esult in
human ¢xposure to radiation, e.g. a fibre cable break

3.3

enclosef system

system [in which, during normal operation, the optica e.g. by
light-prqof cabinets, components, total internal cli al fibre cables and
connectors

3.4

end-usqgr

person/ system
was de ted and

3.5

hazard

potenti hin an optical fibre communication system. It is
based which could become accessible in regsonably
foresee cable break. It is closely related to the laser
classifid

3.6

hazard lex

hazard L acated to any accessible location within an optical fibre communication
system Ahi er/reasonably foreseeable circumstances, human access {o laser

radiatiop in_ex
wavelerjgths.and

the accessible emission limits (AEL) of class 1 for the applicable
ission duration will not occur

3.7

hazard level 2

hazard level 2 is allocated to any accessible location within an optical fibre communication
system at which, under reasonably foreseeable circumstances, human access to laser
radiation in excess of the accessible emission limits of class 2 for the applicable wavelengths
and emission duration will not occur

3.8

hazard level 3A

hazard level 3A is allocated to any accessible location within an optical fibre communication
system at which, under reasonably foreseeable circumstances, human access to laser
radiation in excess of the accessible emission limits of class 3A for the applicable
wavelengths and emission duration will not occur
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3.9

hazard level k x 3A

in the wavelength range 400 nm to 4 000 nm, a hazard level kx 3A is allocated to any
accessible location within an optical fibre communication system at which, under reasonably
foreseeable circumstances, human access to laser radiation in excess of the accessible
emission limits of hazard level k x 3A for the applicable wavelengths and emission duration
will not occur. For purposes of the k x 3A hazard level evaluation, class 3A AEL table is used;
the minimum measurement distance shall be increased to 250 mm from the apparent source
and the time base used shall be 10 s, provided longer viewing durations are not reasonably
foreseeable. For wavelengths greater than 1 400 mm, the radiant power limit shall be a factor
of 10 greater than for class 1

NOTE The value of k is not a constant and need not be calculated (see annex A for rationale).

3.10
hazard |evel 3B
hazard |evel 3B is allocated to any accessible location within an op
system |at which, under reasonably foreseeable circumstanees
radiatioh in excess of the accessible emission limits of
wavelerjgths and emission duration will not occur

[mication
o laser
plicable

3.11
hazard level 4
hazard
system at which,

nication
o laser

radiatiof plicable
waveler

3.12

light em’|:ting diode (LED)

any semiconductor p-n jb y i arf be made to produce electromagnetic
radiatioh by radiative | e inati i conductor, in the wavelength range from
180 nm(to 1 mm. (The i iationN oduced primarily by the process of spontaneous
emissiof, t@ S issi

3.13

local op

an optig ols and
the opti vho has
control

3.14

location

location| where access to the protective housing (enclosure) is controlled and is acfessible

Onl to antharizad narcnanc whano hava racaivad adoaciiata trainina 1n lacar cafaty nd the
y to Lattherized—persons—who—havereceived—adequate—training—in—taser—safety—a

servicing of the system involved. Examples include optical cable ducts and switching centres

3.15

location with restricted access

location where access to the protective housing (enclosure) is restricted and not open to the
public. Examples include industrial and commercial premises

3.16

location with unrestricted access

location where access to the protective housing (enclosure) is unrestricted. Examples include
domestic premises and premises open to the public
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3.17

manufacturer

organization/individual who assembles optical devices and other components in order to
construct or modify an optical fibre communication system

3.18

operating organization

organization/individual who is responsible for the installation and/or operation of an optical
fibore communication system

3.19

optical fibre communication system
engineered assembly for the generation, transference and reception /of opfical-fadiation
arising from lasers, in which the transference is by means of optical fj for compmynication
and/or qontrol purposes

3.20
reasongbly foreseeable event
event the occurrence of which under given circumstances/Ca urately,
and theloccurrence probability or frequency of which is not

Examplés of reasonably foreseeable events might j failure,
fibore cgble break, optical connector disconnectio to safe
working|practices.

Reckleds use or use for completel bd as a

reasongbly foreseeable event

3.21
protectdd cable
a cable € in a robust sheath which permitg normal
handling without break f ibre ends. See also 4.1.2.2 and anrjex B

3.22 Q

subassgmbly
any disgrete unit o
optical amplifier

unication system which contains an optical eitter or

4 Ma

4.1 Engine

4.1.1

Optical fibre communication systems require certain built-in safety features, depending on
their hazard level. The manufacturer of the optical fibre communication system is responsible
for the allocation of the hazard level and for compliance with the manufacturing requirements.
These requirements are summarized in annex B.

Whenever alterations which may affect hazard levels are made to the optical fibre
communication system, the person or organization performing such a modification shall
reassess the hazard levels by carrying out tests and measurements, wherever appropriate, for
ensuring compliance and, where the hazard level has changed, relabelling.

Manufacturers of ready-for-use optical fibore communication systems which are to be supplied
to end-users are responsible for assessing the hazard levels of the optical system under all
reasonably foreseeable circumstances and for compliance with the appropriate manufacturing
and safety requirements.
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Manufacturers of ready-for-use optical transmission subassemblies which are intended to be
used only as part of an OFCS need not classify such equipment but are responsible for
assessing the hazard levels of the optical system under all reasonably foreseeable
circumstances and for the compliance with the appropriate manufacturing and safety
requirements.

For other optical communication systems, the operating organization has the ultimate
responsibility for the safety of the system. This includes especially:
— the identification of the location type at all subdivisions of the entire transmission path;

— the assessment of hazard level at any accessible location in the case of reasonably fore-
seeable events;

: IH PN ) £ 4 H <l £t H 4
- aSSLIIIIU CUTTTYIArice Wittt i Tiarnmutat turinyg alfua sailcly TTyYulIrcliTtecTits.

Optical |fibre communication systems that also transmit electrical eet the

requirements of this standard in addition to any applicable electrica

4.1.2 [able design

The methanical design of optical fibre cables shall be spe o, the hazard level

and location (see clause D.3 for examples).

If such ¢ables are not at a controlled location:

4.1.2.1 | In all systems, the mechanical chara ' ividual single or multiple fibre
cable shall be not less than those require ; )

4.1.2.2 | Locations with hazard 3A shall have the abov¢ cable

requirements with further and adeg

4.1.3 [Cable connectors

4.1.3.1 | All sys
accessible requi e

4.1.3.2 S ing i estricted locations in which cable connectprs are

S ed locations in which cable connecrrs are
isconnection if hazard level 1 can be exceeded.

accessi or disconnection if hazard level 3A can be exceeded.
4.1.3.3 in controlled locations in which cable connectprs are
accessi ause pf a tool for disconnection if hazard level k x 3A can be exceeded.

4.1.3.4
hazard |ev€l is an acceptable feature to ensure that these requirements are met.

4.1.4 Automatic power reduction

Automatic power reduction may be used to control the hazard levels defined in 3.6 to 3.11.

4.2 Labelling

4.2.1 Optical fibre cables should carry appropriate markings to distinguish them from cables
containing other services, e.g. electricity.

4.2.2 Sleeving, a tag or a tape shall be associated with each optical connector if the hazard
level at the location is in excess of hazard level 1. The sleeving, tag or tape shall be coloured
yellow, with the warning label according to figure 14 of IEC 60825-1 and the hazard level
number incorporated in the explanatory label according to figure 15 of IEC 60825-1, both
labels appropriately reduced in size.
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4.2.3 Groups of connectors such as patch panels may be labelled as a group, with just a
single clearly visible location hazard label rather than having each connector individually
labelled. If a group of connectors is enclosed within a box, a label shall be clearly visible both
before and after the access panel is opened, which may require the use of more than one label.

4.3 Provision of information

Manufacturers of ready-for-use optical fibore communication systems and manufacturers of
ready-for-use subassemblies shall provide the operating organization with the following
information, where applicable:

a) an adequate description of the engineering design features incorporated into the product
to prevent access to hazardous levels of npfiral radiation:

b) adequate instructions for proper assembly, maintenance and safe\use, in udivllg clear
warnings concerning the precautions to be taken in order to avg hbsure to

c) a statement, in Sl units, of the power propagating in the fibrg system,
together with the pulse duration and pulse repetition \freque aximum
modulation frequency. The cumulative measuremep 5y xpected
variation in the measured quantities at any time after yre‘she vided;

d) a statement of the range of operating wavelengt ithm_the ical fibre communication
syste ange of
emis ure;

e) the |

f) legik and white) of all the lahels and
haza an optical fibore communication system

g) a clgar indication of ak ati ibre connectors;

h) a lisfing of controls i > S s for operation and maintenance, inpcluding
a wgrning, where appropr

i) advice on e-@o erating s, and warnings concerning known malpfactices,
malfunctions and haza nodes. Where maintenance procedures are detailed,
they| shall, whexe ; ' wede explicit instructions on the safe procedurgs to be

follo

i) whefe ins serviging requires that an automatic power reduction system is
overyi i natl @ _enable the operating organization to specify a safe system of
work } d a safe procedure for the reinstating and safe testing of the auto-
mati i

k) any i tion relevant to the safe use of the optical fibre communication system or
subgssembly, appropriate.

4.4 Assessment of hazard level

4.4.1 The hazard level is determined by the measurement of optical radiation accessible in
any reasonably foreseeable event. The methods for the determination of compliance with the
specified radiation limit values are the same as those described for classification in
IEC 60825-1. Measurements need to be taken under the appropriate conditions, e.g.
simulated fibre cable break, and shall be based on the relevant clauses in IEC 60825-1. The
assessment of the hazard level shall take place:

— 1 s after the reasonably foreseeable event for unrestricted locations, unless measurement
at a later time would result in a larger exposure;

— 3 s after the reasonably foreseeable event for restricted and controlled locations, unless
measurement at a later time would result in a larger exposure.
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In circumstances where it is difficult to carry out direct measurements, an assessment of
hazard level based on calculations may be acceptable. For example, the knowledge of the
laser power and fibre attenuation may allow an assessment of the hazard at any particular
location.

4.4.2 Additionally, for locations with a hazard level lower than that which would be assigned
if no automatic power reduction were employed, the irradiance or radiant exposure during the
maximum time to reach the lower hazard level specified in 4.4.1 (1 s for unrestricted, 3 s for
restricted or controlled locations) shall not exceed the irradiance or radiant exposure limits
(MPE) for the corresponding conditions listed in table 1. The measurement aperture for the
MPE at 3 s, for wavelengths greater than or equal to 1400 nm, shall be 3,5 mm for this
subclause only.

The restart of such systems shall not take place for another 100 s min he rediugctiof) time in

secondg, unless the continuity of the link can be assured.

NOTE The 100 s interval is the time base for classification of invisible infra-re ?viewing.

for systems employing automatic power reductio

AY
Lpcation type Maximum time to reach )ﬁﬂting}&e}tue\ \ Distande
lower hazard level from aperfure
40Q nmito Othw to f?br(
(Exposure time basis 1 \S/ave ngths
N

for 4.4}/)’\ avelengths

Unrestridted 1s \mm \ }1 mm 100 min

Restricteld 3s /A 7 n\ﬂ\ 3,5 mm 100 min

Controllgd 3s \ (\\ 7\1\m) 3,5 mm 250 min

4.4.3 1 garrredh\out underxeasanably foreseeable fault conditions.

In some .g. the, optical output is dependent on the integrity [of other
compon it design and software), it may be necessary to use
other re gafety assessment (see annex C).

4.4.4 pication systems with automatic power reduction, theg hazard
level will/be i the normal level of power in the fibre and the speed of the
automat| [fequc tiony The speed of power reduction required to obtain a specifi¢ hazard
level ¢ rom the AEL tables in IEC 60825-1. For example, a relativgly high

optical power\eéwvel on a fibre together with a high speed automatic power reductign could
have the Same hazerd level as a relatively low optical power on the fibre togethef with a
slower autamatic power reduction

4.5 Requirements for installation

4.5.1 Optical fibre communication systems operating in unrestricted locations shall have a
hazard level of 1, 2 or 3A.

4.5.2 Optical fibre communication systems operating in restricted locations shall have
a hazard level of 1, 2, 3A or k x 3A.

4.5.3 Optical fibre communication systems operating in controlled locations shall have a
hazard level of 1, 2, 3A, k x 3A or 3B.

4.5.4 No optical fibore communication system shall have locations with a hazard level of 4.
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4.6 Requirements for restart pulses

Restart pulses used after automatic power shutdown shall be limited to hazard level 1 in
unrestricted locations, hazard level 3A in restricted locations and hazard level k x 3A in
controlled locations.

5 Guidance for service and maintenance

5.1 Tests and measurements

5.1.1 Tests, measurements and operations in cable ducts and switching centres should be

considered as serV|ce or maintenance ooeratlons Wherever possible d|aanast|c tests should
be carri may be
necessd it to work
system. fping the
actual p

5.1.2 There shall be clearly defined conditions under réduction
facilitieq may be overridden.

When ojerridden, the hazard level shall be reassesge and the
approprjate safety precautions described in 5.2 e taken
as apprppriate to the reassessed hazard level.

5.1.3 Any viewing optics for fibre exami and splici guld reduce exposure fo below
the relelvant maximum permissible expo \ by the
operatirjg organization.

5.1.4 \\Vherever reasonak i Srvi i carried
out withh no power propagati he fi i 0 at the
lowest gower consiste NP

5.1.5 The syste human
exposure to radiatiQ

5.2 Safety pre

5.2.1

5.2.1.1 efe, during service or maintenance, radiation levels in eXcess of
class 3A may<be encountered (e.g. during switching, in controlled locations), approprjate eye
protectipn,should begrovided.

5.2.1.2 Before working on any optical fibre cable or system, the staff should check the
operating status and hazard level. In the case of systems that are installed and activated,
this will be indicated by the appropriate hazard level warning labels. During installation, these
labels may not have been provided yet and, in their absence, precautions appropriate to the
classification of any test equipment containing optical sources connected to the fibre should
be used.

5.2.1.3 During the installation or testing of an optical fibre cable or network, only test
equipment of laser class 1, 2 or 3A should be used.

If, in a particular instance, it is essential to use test equipment of a higher class, the
accessible fibre ends and connectors at all locations should be secured and labelled with
the appropriate hazard level before testing proceeds.
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5.2.1.4 Entry points to controlled areas with a hazard level of k x 3A and above shall have:

a sign bearing the warning label according to figure 14 in IEC 60825-1 and indicating the
hazard level number incorporated in the explanatory label according to figure 15 of

IEC 60825-1;

a sign limiting access to authorized persons only and explaining the existence of a

potential hazard.

5.2.1.5 Each person engaged in the installation or service of an optical fibre cable or system
should:

5.2.2

5.2.2.1
permittg

observe all rules, procedures and practices established for the safe operation of optical

fibrg communication systems;

immediately notify the supervisor of conditions or practices thaf hav e
cauge personnel injury or property damage;

immediately report to the supervisor any known or suspecteg s
radiation.

5.2.2.2 | The staff should not view d

location| with a hazard level 3A, k x 3A

ot4

bntial to

optical

ould be
B.
nd at a

Ces.

5.2.2.3 | Where possible, put into
a low-power state or di ors etc.
In that b'e prevented by a remote control spitch or
another e (power on or off) should be clearly indi¢ated.
5.2.2.4 at\qptical fibre communication systems and test equipment
in locat A or 3B are properly operated and controlled $0 as to
protect

5.2.3

The em| alling or maintaining optical fibore communication systemgq should
establis an adequate programme for the control of hazards. Safety and|training
progran b€ instituted for staff working on fibres or communication systemfs with a
hazard |evel of k x 3A or 3B. Such programmes should be directed by individuals competent
in the fietd of Taser and optical Tibre communication sysiem saiety. The programmes should

provide, as a minimum:

background information on optical fibore communication systems;
safety information concerning the laser classification system and hazard levels;

guidance on the safe use of laser optical fiore communication systems, and adequacy of

safety practices.
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Annex A
(informative)

Rationale

The safety of laser products, equipment classification, requirements and user's guide are
covered by IEC 60825-1. This part is primarily aimed at self-contained products which are
under effective local control. An optical fibre communication system would be safe under
normal operating conditions because the optical radiation is totally enclosed under intended
operation. However because of the extended nature of these systems (where optical power,
under cge 3 e), the
precautjons to mlnlmlze the hazard will be drfferent from those concernj entional

ibre communication systems contain LEDs, WhICh are i ope of
25-1.)

optical
IEC 60

The potenti i i icati Y e likelfhood of

the protgcti i i i d fi Yoector by a broke cable)

and on ible. The

enginegfi rard are

specifie

Each a by the

system : 3 S to the

potentidl hazard if optical radiation beco G . bscribed

as hazg y ribed in

IEC 60825-1. ranges

within th

Where ¢perating orgarfizati 9 a system to installers or manufacfurers of

subsystpms, the dutie : At d should be clearly regulated in an agregment.

In summary, the i S IEC 60825-1 and this part 2 are as follows:

— a whole opticah fi \ icationn system will not be classified in the same|way as
required by IEC ¢ NS is Pecause, under intended operation, the optical radiation
is td i i 50825-1
wou hazard
accy assified
accq

— eac will be
desi htion in
IEC 60825-1, but this level will be based not on accessible radiation but on radiation that
could beccme aceessibleunderreasonablyforeseeable—circumstanees{e-g—afibfe cable

break, a disconnected fibre connector etc.);

— the nature of the safety precautions required for any particular hazard level will depend on
the type of location, i.e. domestic premises, industrial areas where there would be limited
access, and switching centres where there would be controlled access. For example, it is
specified that, in the home, a disconnected fibre connector should only be able to emit
radiation corresponding to class 1, whilst, in controlled areas, it could be higher;

— the k x 3A hazard level was introduced to reflect more realistically the true hazard
associated with viewing optical fibre components. The longer measurement distance
reflects more common behavioural practices. The shorter time base reflects the fact that it
is not normal human behaviour to fixate on a small spot for extended periods of time.
Hence, the k x 3A level allows for increased power levels in optical fibre systems without
increasing the risk of ocular damage under reasonably foreseeable circumstances. The
value of "k" should not be calculated. The designation k x 3A is only used to indicate that
hazard level k x 3A is higher than hazard level 3A.
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Annex B
(normative)

Summary of engineering requirements at locations in
optical fibre communication system

Hazard level Location type
Unrestricted Restricted Controlled
No requirements No requirements No_requirements
1) Labelling, and Labelling «abellin

2) Class 1* from
connector, or connector
requires tool

3A 1) Labelling, and Labelling abwylling
2) Class 1* from connector i

or connector requires tool /\ \
k x 3A Not permitted ** 1) Labelli \ abglling
2) Protected cables,
and
) C
nnector{onr
requiesoay
3B Not permitted ** t pe itted\*"\—/ 1) Labelling,

and

Q 2) Protected cahb
> and

les,

** See 4.4.3. Where p
used to pbtain the %:&w evel foyf the particular location type.

3) k x 3A* from ¢onnector
or connector requires tool
4 > Not permitted ** Not permitted**
* To bg achieved e ctor, automatic power reduction or other suitable mear]s.

R may be
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Annex C
(informative)

Methods of hazard/safety analysis

Some methods of hazard/safety analysis are as follows:

a) preliminary hazard analysis (PHA) including circuit analysis. This method may be used in
its own right, but is an essential first stage in the application of other methods of
haZT dfsafetyassessment;

b) failure modes and effects analysis (FMEA);

c) failufe modes, effects and criticality analysis (FMECA) (see IEC/6
d) faulttree analysis (FTA);

e) event tree analysis;

f) hazards and operability studies (HAZOPS);
g) cauge-consequence analysis.
Appropftfiate testing should be implemented to suppleme Cessary.

The method of analysis and any assumptions g i ) s are to
be statgd by the manufacturer.

&

Figures in square brackets refer to the bibliography.
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Annex D
(informative)

Application notes for the safe use
of optical fibre communication systems

D.1 Introduction

Th|s annse

not apply to optical fibre systems primarily designed to transmit opti
such as|material processing or medical treatment.

This anpex is an informative annex to assist OFCS operators i
IEC 60825-1 and IEC 60825-2 to their specific applicatiéq.
facturerfor installer requirements.

D.2 Definitions

For the

D.2.1
FITs
an indic
D.2.2

HITs
the num

D.3 A
D.3.1
a) Locf

reet(cabine

— mpanholes

ormally
It does

slications

nents of
manu-

dedicated and delimited areas of network operator distribution centres

test rooms in cable ships

buried and submerged cables
b) Locations with restricted access (see 3.15):
— secured areas within industrial premises not open to the public

— secured areas within business/commercial premises not open to the public (for example

telephone PABX rooms, computer system rooms, etc.)
— general areas within switching centres
— delimited areas not open to the public on trains, ships or other vehicles
— overhead fibre optic cables and cable drops to a building
— optical test sets
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c) Locations with unrestricted access (see 3.16):

domestic premises

industrial commercial or business premises (e.g. offices)

public areas on trains, ships or other vehicles

open public areas such as parks, streets, etc.

60825-2 O IEC:2000(E)

Distributed fibre networks may pass through unrestricted public areas (for example in the
home), restricted areas within industrial premises, as well as controlled areas such as cables

ducts or street cabinets.

OFCS local area networks (LANs) may be deployed entirely within restricted business premises.

Fibre slystems may be entirely in unrestricted domestic premis
connectjons.

Infra-redl (IR) wireless LANs are outside the scope of this anne

D.3.2 Typical hardware components

a) Fibre cables: single/multiple/ribbon construat
single/multimode

b) Optigal sources:

c) Conpectors:

d) Power splitte@
e) Enclosures antd’p
f) Fibre distributid

D.3.3

a) Instd
b) Ope
c) Mai
d) Ser\ iring

tenance

i-fi inter-

e) Fault
f) Measurement (including optical time domain reflectometry (OTDR))

D.4 Optical fibre power system limits

Mean power fibre limits for the laser classes are presented below at

various wavelengths in

the optical fibre. For most typical systems with duty cycles between 10 % and 100 %, the
peak power can be allowed to increase as the duty cycle decreases. However, for duty cycles
<50 %, it is most straightforward to limit the peak powers to twice these mean power limits,

although IEC 60825-1 can be used for a more sophisticated analysis
increase in peak powers permissible for these types of systems.

in order to identify any
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D.5 Hazard level evaluation examples

NOTE For optical sources, enclosures and protective housings already classified according to IEC 60825-1 by the
manufacturer, the hazard level according to IEC 60825-2 may be different from the classification according to
IEC 60825-1. The reasons for these differences are:

— |EC 60825-2 has a hazard level k x 3A for restricted and controlled access situations;
— the operator uses automatic power reduction (APR) for the determination of the hazard level;

— results from fault analysis in IEC 60825-2 may be different from single fault analysis in IEC 60825-1.

D.5.1 Multiple wavelengths over the same fibre

When more than one wavelength is used on the same fibre, such as on a wavelength division

multiplek system (WDM), then the hazard level depends on both the and on
whethell the wavelengths are additive. For skin exposure to wavele used in
optical fibre communication systems, the hazards are always additive ystems,
1 400 npn is the point at which addition conditions change:

a) if twp wavelengths are both below 1 400 nm, they add, i.e. t NNINE is |higher;
b) if twp wavelengths are both above 1 400 nm, they add, exthg cc is|higher;
c) if one wavelength is above 1 400 nm and one is beto in hot add,

i.e. fhe combined hazard does not increase

It is nedessary to calculate separately for skm apd i hazdrds. To calculate the cogmbined
hazard Jevel in a multi-wavelength sys ower at
each wavelength as a proportion of t bxample
25 %, 40 %, etc., up to 100 %), and eeds 1

(100 %)

Multi-wavelength example

An optigal transmissio ibre of 50 um core diameter and a niimerical

. at wavelengths of 840 nm, 870 nm, 1 290 nm,

aperturg 0,2 + 0,02 cal X 2 0 S
1300 nm, 131 5 of these signals has a maximum time-ayeraged
power of —8 dBm {071 . D® e location hazard level at the transmitter siteg.

In the i { N jon concerning the transmitter emission duration|when a
connector is re e.that no shut-down system operates, and classify on the basis
of the at the transmitter connector (removing the connector is a

reasong

Assess

— 100 [s.eémission ddration (see 9.3 e) of IEC 60825-1), and

— a minimum viewing distance of 100 mm (Se€ 8.2 ) Of IEC 60325-1).

Table 5 of IEC 60825-1 indicates that the effects of all wavelengths are additive. The eval-
uation must therefore be made on the basis of the ratio of the accessible emission at each
wavelength to the AEL for the laser class at that wavelength (see 9.3 b) of IEC 60825-1).

Note, however, that the AELs are constant in the wavelength range 1 200 nm to 1 400 nm;
hence, the four signals in the vicinity of 1 300 nm may be considered as a single signal with a
power level equal to the sum of powers in those signals.
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First compare the emission levels with the AEL for class 1:
AELg40 nm or 870 nm =7 x 1074t0:75C4Cq J
=7 x 10_4f_0’25C4C6 W

where C, = 100:002(A - 700)
and, for a point source, Cg =1

AEL1 300 nm = 3,5 x 1073t9.75C¢C7 J = 3,5 x 10-3 t70.25CqC7 W

where ¢7 =8

hence | AELgsonm = 0,42 mW
AELg70 nm = 0,49 mW
AEL1 300 nm= 8,9 mw

Using the expression for the diameter of the beam fro In A.6 of
IEC 608 5e) is:
The fra in the
measur 1):

and no

Thus, in this cas&\all
correctipn is needed.

Summirlg the ratig

0,16 N 0,16 N 4 x 0,16
0,42 0,49 8,9

= 0,78

This rat
hazard leveld applies.

1; thus, the accessible emission is within class 1 limits and a |location

D.5.2 Bi-directional (full duplex) transmission

There is no additive effect from each separate direction of transmission, as each broken fibre
cable end represents a separate hazard if the fibre breaks. The hazard level is determined by
the transmission direction with the higher power.

D.5.3 Automatic power reduction

Automatic power reduction is an available option for optical fibore communication systems in
order to classify an end-to-end OFCS at a lower hazard level than the laser/LED power of that
system would otherwise permit. This is important when the hazard level of the internal optical
transmitters of a system may put a limitation on where that system may be deployed.
See annex B.
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Following the indications of this standard, assessment of the hazard level shall take place at
the time of reasonably foreseeable human access to radiation (for example after a fibre
break), unless measurement at a later time would result in a larger exposure (see 4.4.1). This
could be almost instantaneously after an unprotected fibre splice, after approximately 1 s after
a fibre connector disconnect or after several hours, as in the time it takes for a ship to pull
up a broken cable from the bottom of the ocean.

Automatic power reduction should not take the place of good work practices and proper
servicing and maintenance. Also, the reliability of the APR mechanism shall be taken
into account when assessing the hazard level.

Automatic power reduction cannot be regarded as a universally protective measure because,
after a

domain Jreflectometer, OTDR) to determine the location of the break. T

Ibre break, It IS common practice to use an optical test set (usyally an opti

Cal time
hunches

laser power down the fibre under test. Therefore, even if the ng ications
transmifter is shut down or removed, the diagnostic tools may impartdas&rx or time.
These QTDRs typically operate at class 1, so no potential haz , higher
power may require class 3A or class 3B OTDRs to detect ) QTDR signals may
be amplified to a higher class if sent through an opticall

It is als der the
hazard bn cited
becaus g) instruments that would
increas a close
range. ing and
connectior conditions.

This subclause will exam

— on greadily access

— at affibre opti{;&

— on @fibre not i

— in restri

— inth

For the typical

wavelerje

1 30

155

= 8,85 mW
hazarg1evel 3A = 24 mwW
hazard level k x 3A = 83 m\W
hazard level 3B = 500 mW
0 nm: hazard level 1 = 10 mW
hazard level 3A = 50 mwW
hazard level k x 3A = 54 mW
hazard level 3B = 500 mW
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D.5.3.1 Fibre in a splice tray

As powers increase in an OFCS, it is important that splicing operations on potentially
energized fibres of hazard level 3B or greater powers take into consideration the safety of the
operator, and a fully enclosed splicing system should be employed. If splicing is not to take
place in a protective enclosure, automatic power reduction is an option for reducing the
hazard level and, therefore, the exposure. Because accessibility to the cut fibre is immediate,
power reduction should also be immediate. Table D.2 outlines some timing requirements at
typical wavelengths.

D.5.3.2 Connectorized systems

Anotherrarea Where acce 0 energized fibre IS Teasonabty foreseeabte 13 wieq an energized
system jhas one or several of its fibres disconnected at an optical conpector. ANgessjble and
likely agsumption that could be made is that human accessibility to tkte ene(gized)fibne would
not occlir until 1 s after the disconnection. As a result, the power reductiog duxatiens Jpecified
in table [D.2 would be increased by 1 s for this application.

Howevedr, an alternative that would result in a safer hazard/classificati the“trangmission
equipmént itself would be the use of shuttered connectors: & nectoys, provided they
meet thg reliability characteristics outlined in clause P echehical solution that

could bep implemented at any connector point alorg the, ORCSY~Suchya solution would be

desirab 2 . utters should|operate
within the time restrictions indicated /i aph> (It should be noted that
shuttery may not be practical or desifeg ing rdNeével 4 and some higher 3B

conditions. In these situations, APR majbe

D.5.3.3| Submerged/buried cable for

Certain| undersea syste a G carry substantial optical power levels.
Typically, damage to fikre ca incurredon the)submerged portion, not on the burjed land
portion.[Because the fibre IS S appropriate shipping vessel is necegsary to

retrieve|the cablg™and\epair j i ay take hours or days to accomplish. As alitomatic
power réductionyaay y i or pfactical for these systems, rigorous adminjistrative
controlg], including”mant procedures, may need to be employed. This will

ensure that prope ] condi 5 ‘are maintained below hazard level 4, as spegified in
this stapdard.

Manual [s emi under repair/maintenance/service conditions is currgntly the
practice] ors because of the hazardous electrical power associated with
the sub is“electrical power is used to power the undersea repeaters ajong the

repeaterless systems, this electrical power may no longer be & part of
the caljle, (Howewver,”the work practice to de-energize fibre before extraction must be
continugd and maintained because of the hazards of the associated laser power.

D.5.3.4 APR for restricted and unrestricted environments

An OFCS that reaches into restricted and unrestricted environments typically contains laser or
LED powers in the safer class 1 or class 3A hazard level ranges. Therefore, automatic power
reduction methods are less likely to be required for hazard level control. See annex B for
other requirements. However, OFCS designers shall be aware of the restrictions in annex B
regarding restricted and unrestricted environments, and incorporate APR into any system that
has the potential to expose humans to laser or LED power of class 3B (class 3A for
unrestricted) and above, in these respective environments. Appropriate reliability precautions
shall be taken when designing this power down system.
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D.5.3.5 APR for ribbon cables

The use of ribbon cables can place the OFCS on a more restrictive hazard level. A careful
hazard assessment, as explained in D.5.5, should take place, and appropriate APR,
shuttering and splicing considerations should be evaluated and implemented with respect to
the potentially increased hazard level and the environment of the OFCS.

D.5.4 Multiple fibres

The hazard from bundles of broken (i.e. not cleaved) fibre within a broken fibre cable does not
increase beyond that of the worst case fibre within that cable. This has been shown by a
considerable number of measurements on broken flbre ends con5|derat|on of reflection and
scatterifga j - T

These measurements and considerations have also been shown apply\toxbrokemn ribbon
fibre, byt not to ribbon fibre cleaved as a unit (see D.5.5).

D.5.5 Ribbon cable

Ribbon [fibre ends cleaved as a unit will exhibit a highe A single
fibre. Ap example would be eight fibres within a ribboy ' i 5t within
class 3A. Individually, they are of a relatively safe d as an
unsepalated unit, the hazard level becomes cla ye risk.
This reqults from the small centre- cent & 150 um

nd their
separatjon (for example an_eigkt-fibre Wb ires spaced at 200 microns will subtend
14 mrad at 100 mm). (It ceed amin, the ribbon is considered as a

point sdurce. If thg angular su ipbbon plane is greater than anmin, then the ribbon
may neg¢d to be d e. Any angular dimension that is more thlan amax
or less than 1,5 ad A

the megn.

Omax Or 1,5 mrad respectively before detg¢rmining

The tot3 itt ribbon fibre is then the appropriate (point source or extended
source) Ms would be divided equally between all fibres in the| ribbon.
IEC 608 1 (o} or a more sophisticated analysis in order to identify any incfease in
peak pog NN

Ribbon Ffi

Example of calculation:

The ribbon consists of eight equally spaced singlemode fibres. What is the maximum allowed
class 1 cw output power per fibre for a wavelength of a) 1 300 nm and b) 1 500 nm?

Solution for a)

The AEL value determines the summed emission for all eight fibres. The 8,85 mW has to be
divided by the number of emitters, which leads to a maximum allowed power of 1,1 mW per
fibre.

Solution for b)

At 1 550 nm, the hazard for the cornea dominates. Consequently, there is no correction factor C6.
The maximum power per fibre is simply the corresponding AEL for one source, divided by the
number of fibres, i.e. 10 mW/8 = 1,25 mW.
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Ribbon fibre issues

The additive property of the radiation hazard from ribbon fibre sources, therefore, means that
the hazard level of a location can depend on the choice of cable type. As it may be impractical
to be forced to switch off essential systems if they are designed for live maintenance, a
solution will probably be required for reducing the hazard if ribbon fibres are to be used in
fibre networks.

The solution may not be too difficult. As broken ribbon fibres do not present a problem, it is
only the cleaving and splicing operations that require consideration. Separated ribbon, being
no different from normal fibre, also does not present a problem.

hazard
bd from
elseeable
h use a
ribbon
m is put
onto it.

D.5.6

This power diminution may be taker\i de of a

distribu]' , o) of fikre may be lower thap at the

distribufion point

Figure .1 shows the laygut'e

D.5.7

a) The assess > , including
reasjonably foresee (see 4.4.3). Consequently, it may be necepsary to
inclyde multiple e probability of which shall be judged |by the
resp [

NOTHE as IEC ¢ - ers to single fault conditions, it may be reasonably foreseeable that more
than a iMe i > a dangerous situation.

b) Senji G it n result in higher hazard levels (see clause 5). These $hall be
congi ) esponsible organization and persons. Examples are: introdyction of
high ified OTDR pulses into an operating fibre network; failure or oJerriding
of the APR\(see 4,3 j)); system restart pulses.

c) Chaphging of components, system parameters or of the network structure may fesult in

changed hazard Tevels. Examples are: replacement of conventional bundled fibre cables
by ribbon cables (this may be beyond the direct supervision of the network manager);
change of the modulation scheme; change in transmitter circuit pack power or wavelength;
addition/change of optical amplifiers, etc.

D.6 Fault analysis

Fault analysis is essential for systems where the optical output is dependent on the integrity
of other components and the performance of the circuit design. If the chosen method of fault
analysis is FMECA, then for hazard levels 1 and 3A systems, the probability of exceeding the
class 3A accessible emission limits (under reasonably foreseeable circumstances) should
not exceed 500 FITs. It is recommended that the manufacturer or operator should carry out
a fault analysis.
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Explanation and guidance

Fault analysis

The purpose of fault analysis is to identify failures in the optical control circuits that could
have significant consequences affecting the safety classification. The lasers used in hazard
level 3A systems may have the capability of emitting power levels in excess of the maximum
hazard level 3A AEL limit. However, under normal operation, they operate within the hazard
level 3A limit. A fault in a component in the laser drive circuit may increase the power emitted
by the laser such that it exceeds the maximum permitted for its assigned classification. Thus,
a hazard level 3A system may become hazard level 3B under fault conditions.

Fault prpoabifity tevels

No system is 100 % fail-safe since there is always a non-zero prolabili ilures will
occur. To quantify the risk of exposure to hazardous radiation, alldase i icuitg should
be subject to fault analysis using recognized techniques. Fault a S iex n laser
drive cifcuit designs demonstrate that a figure of less than i i .| On the
basis of this figure and the estimated amount of time an live fibres

throughput his working life, the incident rate for the risk &% i is less than five

HITs. (Hor example in the UK, the Health and Safety E
of less than 5,43 HITs for accidents to be trivial.)

Commonly used fault analysis technique
Two cof

— testq

— failu

IEC 608
Exampl
The pu of the
optical Imended
method

Considdg

LM1 /

V (Modulation) } } TR1
R2
V (Bias)

R1

IEC 542/2000
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Step 1: identify critical components

From circuit diagrams and parts lists,

60825-2 O IEC:2000(E)

identify all the components likely to affect the laser

module. Typically, these include mean power control circuitry, data modulator and threshold
bias generator. Include automatic power reduction (APR) circuits in the analysis if the function
of the APR is to achieve the intended classification, or if an APR component failure could
cause a significant increase in the accessible power.

Step 2: identify component failure modes

Construct a table listing the components, their circuit identifier and their most likely failure

modes as shown in the example below.
Circuit ID Component Failure mode Beta /\\ ?eQmé\Ks
LM1 Uncooled laser Increase in output
Decrease in output
No output
TR1 BFR 96 Mullard Short circuit \ \>
<500 mW NPN Open circuit \ x
R1 47R 2 % Short circuit Q/ \)
0,25 W pen circui ' G
R2 3K9 2% rt ci \\/
0,25 W Open circui
ara@drlft
C1l
The US a list of
likely fajlure modés ne likely
outcomg
Step 3:
Circuit , [since it
requireq
Beta va@ A o....p.c arabysis—as'signs a
probability

Does the failure mode cause the laser Beta value
power to exceed class 3A AEL?
Yes 1
No 0
Maybe 0,5

The consulted engineers may be able to give better estimates for the beta values.

It is good practice to simulate fault conditions whenever possible.
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Step 4: determine failure rates

The next step is to determine base failure rates for each component and apportion failure
rates to failure modes. This information is available from two sources:

— the BT Handbook of Reliability Data, HRD5 [3], provides intrinsic failure rates for generic
component types at the upper 60 % confidence limit;

— the RAC [2] publication lists the apportionment of failure rates to failure modes.

For example, HRD5 lists the base failure rate (Apase) for a silicon small signal bipolar
transistor as eight FITs, and the RAC publication lists the apportionment of failure modes (a)
as 73 % for short circuits and 27 % for open circuits. Insert the values into the appropriate
columng in the spreadsheet.

Determine the system failure rate by multiplying the columns hghzqnta nd ‘ten add
vertically. The overall failure rate represents the probability of the system\exseeding the
intended classification. This is illustrated in the following table.(\

Circuit Component Failure mode Beta Apase /\1\ @ Commgnts
ID
)
LM1 Uncooled laser Increase in output 1 50 05 25, May resultffrom
) fibre movement
Decrease in output 0 500 056
Chip failurg
No output 0 0,80 > 0
NS
TR1 BFR 96 Mullard | Short circuit 1 8 0,73 5,84 llaser limitedl by R1
. (may still be safe,
<500 mW NPN Open circuit /_; 0 \ 8 27 0 see below)
o N
R1 47R 2% Short circuit \{) 0,05 0,01
0,25W en\gircuit 2 0,84 0
N Paramet dgft\ 0,5 0,2 0,11 0,01
R2 3K9 2% 0,2 0,05 0,01
0,25 W 0,2 0,84 0
/\M it , 0.2 0,11 0,01
C1 0,47 pF S rtb«:\uiL) 1 0,3 0,49 0,15
10 % 80 eh sircul 0 0,3 0,29 0
Paraweter drift 0,5 0,3 0,22 0,03

< \ \ \ Overall failure rate = 31,06 FITs
N

In this example tassyming 5 V power rail), the maximum laser current is limited by R1 to
about 3p. MA” This is"unlikely to result in a 1,5 um laser exceeding the class 3A limit. [In other
cases, this-is-not-alwa apphca = = 3 : ata—sHeet and
individual component values.

In similar examples, where a component failure is significant only if accompanied by
simultaneous independent failures in other components, a simple summation of FITs for these
components may not be appropriate. In such cases, the failure rate should be calculated from
the product of the failure rates of the components concerned.

D.7 Suggested working practices
The following working practices may be regarded as good practice, and are recommended

when working with any optical fibre system. Different working practices may apply in different
circumstances.
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D.7.1 General working practices

The following working practices may be regarded as good practice, or as essential, when
working on any optical fibre system:

Viewing fibre

Viewing aids
Fibre ends
(single or
multiple)

Do not stare with unprotected eyes or with any unapproved collimating
device at the fibre ends or connector faces, or point them at other people.

Use only approved filtered or attenuating viewing aids.

Any single or multiple fibre end(s) found not to be terminated (for example,
matched, spliced) shall be individually or collectively covered when not
being worked on. They shall not be readily visible and sharp ends shall not
be exposed.

Ribbon fibres
Test colds

Fibre off-cuts
Maintenance
Cleaninp
Modificgtion
Board
extenders

Label damage
Key control

Test
equipmeg

Signs

Suitable methods for covering include the use of a splice protector jor tape.
Always attach end caps to unmated connectors.
ribbon
splicers, unless authorized.
b |last to
Collect all fibre off-cuts and dispose d contaiper. The
container itself should be disposed
Follow only approved instruction 0 i system
being worked on.
Use only approved N res and
optical connectors.
stem or
Do not
bntrol of
fe use,
gcontrol. Spare keys shall be retained under stricf control
hinated line manager.
ent of the lowest class necessary and practical for the task.
t equipment of a higher class than the location hazard|level.
ing signs are required for locations exceeding hazard lg¢vel 3A
a signs may be displayed in locations of lower classification.
D.7.2 Livexworking practices for hazard levels 1, 2, and 3A systems and locations

Live working is permitted using the working practices listed in D.7.1.

D.7.3 Live working practices for hazard level k x 3A locations and systems

Some telecommunications organizations do not permit live working on hazard level k x 3A
locations or systems.

All of the working practices listed in D.7.1 should be applied.

Warning signs should be erected/displayed, even at temporary work locations.

Use only approved viewing aids with valid calibration labels or test reports.
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D.7.4 Working practices for hazard level 3B systems and locations

Responsible and adequate OFCS safety and training programmes should be established and
maintained by management. Personnel engaged in the installation and servicing of OFCS
should observe all rules, and report to management any potentially unsafe conditions or
abnormal exposures to optical radiation.

Live working on hazard level 3B locations or systems is not recommended.

If live working is not permitted on hazard level 3B systems, then the following working
practices should be used:

all g
pow

chegk that there is no optical power in the fibre using an approved gpt
covgr the ends of all exposed fibres not being worked on.

unm

use
mac

whe
and

D.7.5

When ppowering down an optical fibre
proceddyre shall be adopted.

a) A ngminated person af an

b)

c)

d)

e)

— hqve been traing
switched on and |of

eneral practices defined in D.7.1;

br down the system (as detailed in D.7.5);

lated connectors;

bter;
caps to

splicing

nnected

Dllowing

s to be

— bd conver i2 i yd safety requirements relating to the previous
pdragraph ard wi y

— hag

Nom of their
appoint

Al persons at each installation shall be recorded and prominently
disp

Befg all:

— cqntactya nomihated person at the appropriate optical power source and reguest that

e power on the relevant fibres be switched off:

— on duplex systems, a nominated person shall be contacted at each end,;

— on being informed that the power has been switched off, complete the necessary forms
which shall be retained by the originator. These forms need not be completed if the
originator and the nominated person are one and the same;

— verify (with a live fibre identifier or optical power meter) that the power is off;

— on completion of the work, inform a nominated person at the appropriate optical power
source(s).

On receipt of a request from an originator to switch off an optical power source, the

nom

inated person shall:

— record the time and date of the request and the details of the originator. Forms shall be
kept on file at the location of the optical source;

— switch off the appropriate power source (with key control, if fitted);
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— complete the warning label and affix it to the appropriate station equipment at the point
of disconnection, for example equipment rack, distribution frame, be attached for each
originator;

— contact the originator and give him the job number and the time that the source was
switched off;

— on being informed that the work has been completed, record the details appropriately
and remove the warning label from the equipment before re-energizing the source.
When more than one originator requires the same power source to be switched off, the
source shall not be re-energized before all work is completed.

Table D.1 — Optical fibre system power limits for 11 microns singlemode
and 0,18 numerical aperture multimode fibres

Class 1 Class 2 Class 3A Class 3A k x 3A /\(k x 3A Cllass 3B
Singlemode | Multimode | Singlemod Multi&%‘e\

633 nm 0,22 mW 1 mw 5 mw , w @%W
(-6,6 dBm) | (0 dBm) (+7 dBm) (\ (+8y3-dBm) N (+2F dBm)

780 nm 0,32 mwW 1,6 mW 4 \%8 \W 500 mW
(~4,9 dBm) (+2 dBm) Y»ka m) | (+2f dBm)

850 nm 0,44 mW >6 mw 500| mW
(-3,6 dBm) W‘é(’iﬁ (+8,2 dBm) | (+2f dBm)

980 nm 0,81 mW 1,5m '\A\m @ W, 12 mW 500 mwW
(-1 dBm) (+1)8 dB N+6 dBm) (+8,5/Bm) | (+10,9 dBm) | (+2} dBm)

1 300 nn 8,85 mW 24 6 W 83 mW 137 mW 500 mW
(+9,5 dBm) (+18,8 dmﬁ‘e@ Bmy | (+19,2 dBm) [ (+21,4 dBm) | (+27 dBm)

1 550 nn 10 mW \( m }O m 54 mW 85 mW 500| mW
(+10 dBm) N ,({17 (+17 dBm) (+17,3 dBm) | (+19,3 dBm) | (+2f dBm)

NOTE 1] Class 3A 980 n

The maximum po @
A r

the powgr density

o#s fibre is limited for class 3A at 980 nm and 1 300 nm by
he precise fibre power limit is therefore determinef by the

minimu : turn dependent on the singlemode fibre mode field ¢iameter
(MFD). Thi g ) the MFD and there are significant changes in class limits as the
MFD ch

NOTE 2

The 1 i 3 ted for 1 270 nm, which is the shortest wavelength in the "1 300 nm"
telecom i v

NOTE 3

The fibrp are the most conservative cases; singlemode figures are calculated for a figre of 11

microns|mode fleld draméter, and multimode figures for a fibre with a numerical aperture of 0,18. Many pystems
operating.at 980 nm and 1 550 nm use fibres with smaller MFDs. For example, at 1 550 nm dispersiof shifted

flbl‘e CaJ!"S ha\n U uppcr I HAH + \v;r\! Hes—o nF I\III:I'\ nf n ’I m nnnnnnnnnn II hava vt\l\hnr\f e I HA +n n( EI‘\ m\l\l r\nrl 1’2 mW

ierons—wit-have—+espe €
for class 3A and class k x 3A.

For other MFD values and wavelengths, please refer to IEC 60825-1, example A.6.3.

NOTE 4 k x 3A

At 980 nm and 1 300 nm and 10 s, the increased measurement distance of 250 mm results in the power AEL
being the more limiting. For 1 550 nm, the power AEL still limits at 250 mm, with no increase for a 10 s time
base.

NOTE 5 Class 3A limits for <1 300 nm

The class 3A limits for singlemode fibres at 900 nm and below are not presented here, as the divergence that
these wavelengths will undergo is rather variable. This is because these wavelengths are in fact multimoded in
standard 1 300 nm singlemode fibre, and the exact divergence will depend on the rather unpredictable degree
of mode mixing. This mode mixing variability is also a potential problem when trying to evaluate these
wavelengths on true multimode fibre. If it is necessary to calculate a value for these cases, the assumption that
the fibre carries all of its power in the fundamental mode and use of the singlemode equations will yield a
conservative value.
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Table D.2 gives example values of the time allowed to reduce optical power from the indicated
level to the indicated hazard level. The figures of this table are calculated for a singlemode fibre
of 11 microns mode field diameter. The 1 300 nm figures are calculated for 1 270 nm.

The values of the time specified in the table are calculated by the following equation:

Pt=0(1)
where
t is the time to be calculated;
P is the indicated emission power;
Q(f) is|the maximum emission energy compatible with the indicate leve| for an
erission duration equal to
Q(?t) is|a function of t obtained by the appropriate AEL. It is also y<e into
agcount the fraction of beam that would pass through the ture.
Table D.2 — Automatic power reduction — Immediatelzﬂa&ssi le
1300 nm N \%ation code
31 mW to k x 3A: N/A 100 mW to k x 3A: 4,8 s | 250 n(w tg Ry 3A\:(§12\x ) 1
31 mW to 3A: 36 s 100 mW to 3A: 09\3 S m o/{A:/(')\,QOBE‘sx 2
31 mW to 1: 0,67 s 100 mW to 1: OQOG)\s\ 2%0 GW toKl: OWOvas/ 1
1550 nm "\ N
( — %Q}\W to\?gB: 0,23 s 1
100 mW to k x 3A: 0,44 s WW to k. x 3%'\0,1\7\5 \QSONMX 3A: 0,079 s 1
100 mW to 3A: 0,40s %Qm 0 3A: cﬁg\\ “§5OM to 3A: 0,073 s 1
50 mW to 1: 0,16 s I W to IWO s \Zsamw to 1: 0,032 s 1
Equation codes;
1: Tofal power equadti led by
th¢ AEL express
2: Myst choose <he orxect , the
m ximum/pQN
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Table D.3 — Controlled access example scenarios

Scenario Wavelength Maximum power Hazard Requirements
level
1) Bundled singlemode fibre cable, 1300 nm Up to 24 mW 3A Labelling
through public area, but buried per fibre
underground
2) Same as 1) but with automatic 1300 nm Up to 24 mW 1 No requirements
power reduction to class 1 levels per fibre
3) Eight-fibre singlemode ribbon 1300 nm Upto 1,1 mW 1 No requirements
cable, through public area, per fibre
buried underground
4) Samelas 3) 1300 nm Up to 3 mW 3A
per fibre
5) Same|as 3) 1300 nm Up to 24 mW k x 3A
per fibre P
(\ hector
6) Bundlgd singlemode fibre cable, 1300 nm Up to 24 mW p e A\ L bell?hﬁ
throudh public area, but buried and for 1 300 nm a \
underground 1550 nm up to 50 fi
for 1 55 nm

Table D.4 — Res@}a\es&m e scenarios

Scenario Wavel gth Wwer Hazard Requiremgnts
(\\ level
1) Bundlgd singlemode fibre cable; m Up to 2 3A Labelling
connefctorized, in patch pan rfi
on industrial premises [\ N
2) Samelas 1) but with automat 300nm Up to 24 mW 1 No requirements
power| reduction t0 class per fibre
levels
3) Eight-fibre singlemg i n 1 W Upto 1,1 mW 1 No requiremeipts
cable,[connectori atc per fibre
paneljon industrial pre
4) Samelas 3) > 300 nm Up to 3 mW 3A Labelling
per fibre
5) Same 3) 1300 nm Up to 24 mW 3B Not permitted
per fibre
6) Bundlgd singlwéij)e cable, 1300 nm Up to 24 mW per fibre 3A Labelling
connefctorized, in pateX panel on | and for 1 300 nm and
industrial‘pfemises 1550 nm up to 50 mW per fibre
for-+556m
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