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FOREWORD

This amendment has been prepared by IEC technical committee 76: Optical radiation safety
and laser equipment.

The text of this amendment is based on the following documents:

FDIS Report on voting
76/162/FDIS 76/169/RVD
Full information on the voting for the approval of this amendment can be {0 the, report o

oting indicated in the above table.
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A\dd, after annex follows:

Annex D
(informative)

Application e safe use of optical fibre communication systems

D.1 Infroduction

This‘annex provides guidance on the application of IEC 60825-2 to specific practical situations|.
This”annex applies to optical fibre communication systems (OFCS) where optical power i$
normally confined in a fibre and may be accessible at a great distance from the optical source.
It does not apply to optical fibre systems primarily designed to transmit optical power for
applications such as material processing or medical treatment.

It is an informative annex to assist OFCS operators in applying the requirements of IEC 60825-1
and IEC 60825-2 to their specific application. It does not contain any manufacturer or installer
requirements.


https://iecnorm.com/api/?name=2b0d3f0310c49c3bfc8d1b1ddd3c55d2

60825-2 Amend. 1 0O IEC:1997 -3-

D.2 Definitions

For the purpose of this annex D, the following definitions apply:

D.2.1
accessible location

a location anywhere in an optical fibore communications system where optical radiation might

become accessible in reasonably foreseeable circumstances

D.2.2
FITs:
an indicator of reliability defined as the number of failures per 10° h

D.2.3
HITs
the number of hazard incidents per 10° h

D.3 Areas of application

D.3.1 Typical optical fibre installations
a) Locations with controlled access (see 3.13):

cable ducts;
street cabinets;
manholes;
dedicated and delimited ribution centres;

p) Locations with res

secured areas

(for example té¢ , computer system rooms, etc.);

) Locations with unrestricted access (see 3.15):

domestic premises;

industrial commercial or business premises;

grcial premises not open to the public

public areas on trains, ships or other vehicles;
open public areas such as parks, streets, etc.

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.
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Fibre systems may be entirely in unrestricted domestic premises such as hi-fi interconnections.
Infra-red (IR) wireless LANS are outside the scope of this annex.

D.3.2 Typical hardware components
a) Fibre cables: single/multiple/ribbon construction;
single/multimode;

carrymy smgtefmuitipte wavetengtts;
uni/bidirectional, fibre;
communications/power feeding.

p) Optical sources: LEDs, communications lasers, pump lasers, optica

bulk/distributed, continuous/low/high-frequenc
) Connectors: permanent/semi-permanent, single/multipl
d) Power splitters, wavelength de/multiplexers, attenuators.
¢) Enclosures and protective housings.
{) Fibre distribution frames.

D.3.3 Typical conditions
a) Installation.

h) Operation.

) Maintenance.

¢) Servicing.

¢) Fault.

{) Measurement (includ

reflectometry — OTDR).

Mean power fibre Nmits Classes are presented below at various wavelengths in the
pptical fibre. For i by pi ystems with duty cycles of between 10 % to 100 %, the peal
hower car incvéase as the duty cycle decreases. However, for duty cycleg
pf < 50 %, it IS 3 tralg \tforward to limit the peak powers to twice these mean power limits},

increase in peakpowexs permissible for these types of systems.

D.5 Hazard level evaluation examples

@

NOTE —,'For optical sources, enclosures and protective housings already classified according to IEC 60825-1 by th
nafwfacturer, the hazard level according to IEC 60825-2 may be different from the classification according t
IIEC.80825-1. The reasons for these differences are:

=

— |EC 60825-2 has a hazard level k x 3A for restricted and controlled access situations;
— operator uses automatic power reduction (APR) for 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
multiplex system (WDM), then the hazard level depends on both the power levels and whether
the wavelengths are additive. For skin exposure to wavelengths usually used in optical fibre
communication systems, the hazards are always additive. For most fibre systems, 1 400 nm is
the point at which addition conditions change:
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a) if two wavelengths are both below 1 400 nm they add, i.e. the combined hazard is higher;
b) if two wavelengths are both above 1 400 nm they add, i.e. the combined hazard is higher;

c) if one is above 1 400 nm, and one below, then retinal hazards do not add, i.e. the combined
hazard does not increase.

It is necessary to calculate separately for skin and retinal hazards. To calculate the combined
hazard level in a multi-wavelength system, it is necessary to calculate the system power at
each wavelength as a proportion of the AEL for that class at that wavelength (for example
25 %, 60 %, etc. up to 100 %), and add together. If the totalled proportion exceeds 1 (100 %),
{hen the hazard level exceeds that class.

Multi-wavelength example

A\n optical transmission system using multimode fibre of 50 micrometrgs™core diameter and a

$ite.
}n the absence of any other information concerning the

he power levels accessible at the transmitter
easonably foreseeable event).

\ssess on the basis of:

evaluation must therefors
vavelength to the :EL ort
Note, however, that

hence, the four sig

300 nm may be considered as a single signal with &
in those signals.

S with the AEL for class 1:

AELg40 nm or 870 nm = 7 X 10-410.75C4Cgq J

7 x 107*t+-0.25C,Cg W

vhere Cy4 = 100,002(A - 700)

Tnd for a point source, Cg=1

AEL{ 300 nm = 3,5 % 10_310’75(:607 J=3,5x10-310,25 CeC7 W

where C7 =8

hence AELgsgnm 0,42 mW
AELg70 nm = 0,49 mW
AEL1 300 nm= 8,9 mW
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Using the expression for the diameter of the beam from an optical fibre (equation (1) in A.6
of IEC 60825-1), the diameter at the 63 % (1/e) points for the smallest NA fibre (worst case) is:

2r NA 2 x 100 x 0,18
dgz = = = 21,2 mm
1,7 1,7

The fraction of the beam that would pass through the 50 mm aperture specified in the
measurement conditions is therefore (using equation (3) of example A.6 of IEC 60825-1):

n =1 - exp(- [da/dg3]?) = 0,99

Thus, in this case, all of the fibre power would be collected by the 50
correction is needed.

aperture, and ng@

0,16 0,16
+ +
0,42 0,49

z [{(Power)
O
0 AEL

OO

This ratio is less than 1; thus, the accessible emissi limits and a location

hazard level 1 applies.

D.5.2 Bi-directional (full duplex) transmission

There is no additive effect from each seps of transmission, as each broken fibre
table end represents a separate haza d if ks. The hazard level is determined b

prder to classify

system would othe
fransmitters of a S X a Mimitation on where that system may be deployed|
See annex B.

\utomatic power lz\'(edu ion is™g ilable opgion for optical fibre communications systems gL
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Imost instantaneously after an unprotected fibre splice, after approximately 1 s after a fibrI
onnector disconnect,/or after several hours as in the time it takes for a ship to pull up
roken cable-from the bottom of the ocean.

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

Automatic power reduction cannot be regarded as a universally protective measure because after a
fibre break, it is common practice to use an optical test set (usually an optical time domain
reflectometer, OTDR) to determine the location of the break. This instrument launches laser power
down the fibre under test. Therefore, even if the normal telecommunications transmitter is shut
down or removed, the diagnostic tools may impart laser power at a later time.

These OTDRs typically operate at class 1, so no potential hazard is present. However, higher
power may require class 3A or class 3B OTDRs to detect the break. Also, OTDR signals may
be amplified to a higher class if sent through an optically amplified system.
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It is also important that the laser safety professionals of the OFCS operator consider the
hazard level under which it is desirable to work. Hazard level 3A or k x 3A is often cited
because workers would be trained not to use any optical (collimating) instruments that would
increase the hazard and typically they would have no need to examine the fibre at a close
range. Hazard level 3B is acceptable in controlled environments with proper labelling and
connector conditions.

This subclause will examine APR under several circumstances:

on a readily accessible fibre in a splice tray;

at a fibre optic connector;

on a fibre not readily accessible in a submerged/buried cable;
1 inrestricted and unrestricted environments;

1+ ribbon cables.

For these tables, the following upper limit powers are calcula
Wising worst case singlemode fibre (see clause D.4):

ectyp avelengths

1300 nm: hazard level 1 = 8,85 mW
hazard level 3A =24 mW
hazard level k x 3A
hazard level 3B

1550 nm: hazard level 1
hazard level 3A =

However, another alternative that would result in a safer hazard classification for the
transmission equipment itself would be the use of shuttered connectors. These connectors,
provided that they meet the reliability characteristics outlined in clause D.6 of this annex, could
be a mechanical solution that could be implemented at any connector point along the OFCS.
Such a solution would be desirable for controlling exposures from unmated connectors. These
shutters should operate within the time restrictions of the previous paragraph. (It should be
noted that shutters may not be practical or desirable for controlling hazard level 4 and some
higher 3B conditions. In these situations, APR may be the only solution.)
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D.5.3.3 Submerged/buried cable for undersea systems

Certain undersea systems have the potential to carry substantial optical power levels. Typically,
damage to fibre cable is incurred on the submerged portion, not on the buried land portion.
Because the fibre cable is submerged, an appropriate shipping vessel is necessary to retrieve
the cable and repair it, which may take hours or days to accomplish. As automatic power
reduction may not be appropriate or practical for these systems, rigorous administrative
controls, including manual laser shutdown procedures, may need to be employed. This will
ensure that proper working conditions are maintained below hazard level 4 as specified in this

" ! !
plLaliualu.

Manual shutdown of the system under repair/maintenance/service conditions is currently the
bractice for many operators because of the hazardous electrical power/associated\ with the
submerged cable. This electrical power is used to power the undersealrepeatess ‘along the
oute. In the future, for repeaterless systems, this electrical power ma g a part of
he cable. However, the work practice to de-energize fibre before e an muyste continued
nd maintained because of the hazards of the associated laser pgwen

D.5.3.4 APR for restricted and unrestricted environments

contains laser of
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more restrictive hazard level. A careful hazar$
ke place, and appropriate APR, shuttering an

assessment, as 5.5, %
$plicing conside ‘ ¢ and implemented with respect to the potentiall
increased hazard 18y * ment of the OFCS.

en (i.e. not cleaved) fibre within a broken fibre cable does nof
e worst case fibre within that cable. This has been shown by I
) easurements on broken fibre ends, consideration of reflection an
S i , ahd random alignment and movement of fibre ends.

These measurements and considerations have also been shown to apply to broken ribbon
fibre, butnot to ribbon fibre cleaved as a unit (see D.5.5).

D55  Ribbon cable

Ribbon fibre ends cleaved as a unit will exhibit a higher hazard level than that of a single fibre.
An example would be eight fibres within a ribbon, each carrying a power level just within
class 3A. Individually, they are of a relatively safe class 3A hazard level, but cleaved as an
unseparated unit the hazard level becomes class 3B, thus presenting a genuine eye risk. This
results from the small centre-centre separation distances of typical ribbon fibre of 150 pum
to 250 um. The low angular separation of several equally spaced fibres leads to a cumulative
effect. At the measurement distance of 100 mm, the a of one singlemode fibre is <<apnj, for cw
emission (for t> 10 s, amin = 11 mrad, (see 9.3 d) of IEC 60825-1).
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The angular subtense of the ribbon in its plane will depend on the number of fibres and their
separation (for example an eight fibre ribbon with fibres spaced at 200 microns will subtend
14 mrad at 100 mm). If this subtense does not exceed apin, the ribbon is considered as a point
source. If the angular subtense in the ribbon plane is greater than anin, then the ribbon may
need to be treated as an extended source. Any angular dimension that is more than apmax Or
less than 1,5 mrad should be limited to amax Or 1,5 mrad respectively before determining the
mean.

ource) AEL and, in general, this would be divided equally between all fibres in the ribbGn
EC 60825-1 can be used for a more sophisticated analysis in order to identify any increase in

peak powers permissible for ribbon cable arrays.

Ribbon fibre example calculation

Fxample of calculation:

The ribbon consists of eight equally spaced singlemode fib
tlass 1 cw output power per fibre for a wavelength of a) 1

Solution for a)

14

-

epend on the choice of cable type. As it may be impractic%
gntial systems if they are designed for live maintenance,

mcreasmg Any method would have to prevent access under reasonably foreseeable
circumstances (i.e. not just an instruction "not to look"!). A possibility might be to use a
cleaving tool that stayed attached to the cleaved fibre end until it was inserted into a ribbon
splicer that likewise prevented access during the whole operation.

Once ribbon fibre is used in the network, it will be difficult to control what type of system is put
onto it.
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D.5.6 Power diminution due to power splitters and fibre losses

This may be taken into account, for example at the customer side of a distribution network, the
hazard level after some length of fibre may be lower than at the distribution point.

Figure D.1 shows the layout of a typical passive optical network (PON).

D.5.7 General considerations and examples

organization.

NOTE —-Whereas IEC 60825-1 refers to single fault conditions, it may be reasonabl
one fault will combine to cause a dangerous situation.

D) Service conditions often result in higher hazard levels (see
considered by the responsible organization and persons. Exaf
high power or amplified OTDR pulses into an operating fibre Yetwork fa' ure
the APR (see 4.3 ])); the system restart pulse.

L) Changing of components, system parameters or 0
of the modulation scheme; change in tray - ircuit pack power or wavelength]
D.6 Fault analysis

Fault analysis is essential for systems
bther components and the

pitput is dependent on the integrity of
design. For hazard levels 1 and 3A
0 A accessible emission limits (undef

hould not) exceed 500 FITs. It is recommended thal
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signifi QN ffectmg the safety classification. The lasers used in hazard level 3/

I . er, under normal operation, they operate within the hazard level 34
imit. A fault.n.a~component in the laser drive circuit may increase the power emitted by th

laser such //that it eéXceeds the maximum permitted for its assigned classification. Thus, I
hazard level 3A system may become hazard level 3B under fault conditions.

Fault probability levels

No system is 100 % fail-safe since there is always a non-zero probability that failures will
occur. To quantify the risk of exposure to hazardous radiation, all laser drive circuits should be
subject to fault analysis using recognized techniques. Fault analysis carried out on laser drive
circuit designs demonstrate that a figure of less than 500 FITs is achievable. On the basis of
this figure and the estimated amount of time an engineer works on live fibres throughout his
working life, the incident rate for the risk of injury to the eye is less than five HITs. (For
example in the UK, the Health and Safety Executive considers an occupational risk of less
than 5,43 HITs for accidents to be trivial.)
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Recommended fault analysis technique

The recommended fault analysis technique is failure mode effects and criticality analysis
(FMECA). IEC 60812 [1]* gives guidance on the use of this technique. The following worked
example is provided for clarification:

FMECA analysis

e purpose of the anatysis 15 10 provide a quantitative measure of the propabitity of the opticy
power exceeding the class 3A AEL. The following example illustrates one recommende
method.

o

Consider the simple circuit below.

V (Modulation)

V (Bias)

From circuit dia

ify all the components likely to affect the lasef
module. Typically, tk

wer control circuitry, data modulator and thresholI

r reduction (APR) circuits in the analysis if the functio
d classification, or if an APR component failure coul
the accessible power.

Figures in square brackets refer to the bibliography given in annex E.
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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 Comments
LM1 Uncooled laser Increase in output
Decrease in output
NO OUlput
TR1 BFR 96 Mullard Short circuit
<500 mW NPN Open circuit
R1 47R 2 % Short circuit
0,25 W Open circuit
Parameter drift
R2 3K9 2% Short circuit
0,25 W Open circuit
Parameter drift
C1 0,47 uF 10 % Short circuit
50 V Open circuit

Parameter drift

Circuit designers or repaix_engineers “are 5 people to consult for this task, since it
equires a knowledge ' ates in the circuit.

Beta values de o
probability figure te 5\& onsjdering just three categories:
N\

Does failure-mo Mlaser power Beta value
{K\c\ theclags 3ANAEL?

NN |

Maw 0,5

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

It is good practice to simulate fault conditions whenever possible.

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.
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For example, HRDS5 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 circuit. Insert the values into appropriate columns in the
spreadsheet.

Determine the system failure rate by multiplying the columns horizontally and then add
vertically. The overall failure rate represents the probability of the system exceeding the
intended classification. This is illustrated in the following table.

Circuit

D Component Failure mode Beta Apase a Product Comments

result from
ovement.

500 0,05 25,0 M
Decrease in output 500 0,65 0 fibre

1
0
No output 0 500 0,30 A Péh@ fal
TR1 BFR 96 Mullard | Short circuit 1 8 0,73 \;&4\ Wby R1
<500 mW NPN Open circuit 0 8 0,27 (may st e safe,
'see bejow)
R1 47TR 2% Short circuit 1 0,2 oﬁ\ 08y
0 0,2 /g}&\
0,5 \N\ N001
5

LM1 Uncooled laser Increase in output

0,25 W Open circuit

Parameter drift 0,2 1
R2 3K9 2% Short circuit 1 2 05
0,25 W Open circuit 0 0,2 E))T&\
Parameter drift 0,5 (]\ ondl 0,01
c1 0,47 pF Short circuit 1,/ N[ 2o,3 0,49, 1/ 015
10% 50V Open circuit 0 0,3 \gﬁf 0
Parameter drift \OQ 3 0,03
B}erall failure rate = | 31,06 FITs
n this example (assuni ar rail)t Imum laser current is limited by R1 to abou
555 mA. This is unkkel i MM laser exceeding the class 3A limit. In other casei
his is not alway' 8 yce'stiall be made to the laser data sheet and individud|

component values:

component failure is significant only if accompanied by
simultaneou . es in other components, simple summation of FITs for thes¢
components N pprQptiate. In such cases, the failure rate should be calculated from

D.7 Suggestetworking practices

The following working practices may be regarded as good practice, and are recommendetli
vhen-working with any optical fibre system. Different working practices may apply in differen
Lircumstances.

D.7.1 General working practices

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

Viewing fibre 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.

Viewing aids Use only approved filtered or attenuating viewing aids.
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Fibre ends Any single or multiple fibre ends or ends found not to be terminated

(single or multiple) (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.

Suitable methods for covering include the use of a splice protector or tape.
Always attach end caps to unmated connectors.

ibbaon fibhres Do _not cleave ribbon fibres as an |mcnpnrntpd rihbon_aor use ribbon
splicers, unless authorized.

Test cords When using optical test cords, the optical power sourceshall be the last t¢

be connected and the first to be disconnected.

Fibre off-cuts Collect all fibre off-cuts and dispose of them in &
container itself should be disposed of in an apg

Maintenance

Cleaning

Modification

Board extenders on optical transmitter cards. Do nof

outside transmitter racks.

| abel damage . orxuissing optical safety labels to line management.

management who shall ensure their safe use, storage
Spare keys shall be retained under strict control

ipment of the lowest class necessary and practical for the task|
yse test equipment of a higher class than the location hazard level.

Bigns
Afea signs may be displayed in locations of lower classification.

D.7,2/ Live working 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 programs 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 general practices defined in D.7.1;
1 power down the system (as detailed in D.7.5);

unmated connectors;

1+ use only indirect viewing aids (for example, televised or
Do not use microscopes without authorization;

1+ when using optical test cords, the optical power sd
the first to be disconnected.

When powering down an optical fibre
procedure shall be adopted.

switched on and

- be conver
paragraph and yi
— have a respo

p) Nominated
appointme

@) Before starti

B

— contactia nominated person at the appropriate optical power source and request that the
power on the relevant fibres be switched off;

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

<, 0n being informed that the power has been switched off, complete the necessary forms
which stratt e Tetainmed by the orgimator- T s Teed ot be compteted i the origimator 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).

e) On receipt of a request from an originator to switch off an optical power source, the
nominated person shall:

— record the time and date and 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 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 micron singlemode
and 0,18 numerical aperture multimode fibres

Class 1 Class 2 Class 3A Class 3A k x 3A Class 3B
Singlemode Multimode Singlemod{\\%ﬂn

633 nm 0,22 mW 1mw 5 mw \ Bog'mw
(-6,6dBm) | (0dBm) (+7 dBm) <\\+9, dB (+27 dBm)

780 nm 0,32 mW 1,6 mW 4 \ 4‘,8 m 500 mW
(4,9 dBm) (+2 dBm) G m) (+27 dBm)

850 nm 0,44 mW 2.2 m( }6 mw 500 MW
(3,6 dBm) (423,5 mﬁ N +8,2 dBm) (+27 dBm)

980 nm 0,81 mwW 15 «& 15 mw 12 mw 500 mW
(-1 dBm) (+<:‘:jv§ﬂl (+6 Z%m) < (¥85 4@‘2) (+10,9 dBm) | (+27 dBm)

1300 nm 8,85 mW 24m mw 83 miv 137 mw 500 mW
(+9,5 dBm) (+1%Bm) e %5\ (+192dBm) | (+21,4dBm) | (+27 dBm)

1550n0m  |10mw 50 W \ 50 mw \_ " | 54 mw 85 mw 500 MW
(+10 dBm) (\ 4 }4’1@3 ) |#+17.3dBm) |(+19,3dBm) | (+27 dBm)
N \)

The maximum power shown icxon fibre is limited for class 3A at 980 nm and 1 300 nm
by the power dep ’ . The precise fibre power limit is therefore determined
by the minimum™e is in turn dependent on the singlemode fibre mode field
diameter (MFD).

The fibre parameters dsed™are the most conservative cases; singlemode figures are calculated for a fibre of
11 microns_mode.field giameter, and multimode figures for a fibre with a numerical aperture of 0,18. Many
systems joperating at/980 nm and 1 550 nm use fibres with smaller MFD. For example at 1 550 nm
dispersionshifted fibre cables having upper limit values of MFD of 9,1 microns will have respective limits of
50 mW+and 61,2 mW for class 3A and class (k x 3A).

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

NOFE4 J 24
=Zmy

LA A~ = 7€

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
timebase.

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 — Automatic power reduction — Immediately accessible situations

This table 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:

LD

P1="0()

vhere
is the time to be calculated,;
P is the indicated emission power;

PD(f) is the maximum emission energy compatible with the indi¢ated

1300 nm \)/ Equation code

28 3 o
31 mW to k x 3A: N/A 100 mW to k x : 4,8 s\] 250 mW to . 1

31 mW to 3A: 36 s 100 mW to 3A: O,/% \%\ ®\3A\ﬂﬁ85 s 2

31 mW to 1: 0,67 s 100 mW to 1: 0,3{)62 {\ W 0,00016 s 1

C 1@5m\ NS

550 mW to 3B: 0,23 s 1

100 mW to k x 3{:/0\,$4 sY 250 r%\/%w 550 mW to k x 3A: 0,079 s 1

100 mW to 3A: 0,40 <\ W 550 mW to 3A: 0,073 s 1

A\
50 mW to 1: 0,16€ \ 10\0"{M80 S 250 mW to 1: 0,032 s 1

Fquation ower equation prevails for wy = 6, 8 or 10 or 11 um fibre; hence the

um power is limited by the AEL expressed as power or energy.

2 — Must choose the correct equation based on fibre design (in this case|
since wp = 11 microns, the maximum power is limited to the AEL
expressed as a power density or energy density.)
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Table D.3 — Controlled access example scenarios

60825-2 Amend. 1 O IEC:1997

f

Scenario Wavelength Maximum power H|2€21d Requirements
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
poOwWer reduction to class I levels per fibre
3) Eight fibre singlemode ribbon 1 300 nm upto 1,1 mwW 1 No requirements
cable, through public area, per fibre
buried underground /\
) Same as 3) 1 300 nm up to 3 mwW LabeNing
per fibre
5) Same as 3) 1300 nm up to 24 mwW Lakellingnand k x 3A
per fibre rom gonpector,
otherwiSe connector
requires tool
K) Bundled singlemode fibre cable, 1 300 nm up to 24/mw p 3A Labelling
through public area but buried and for 1 300 n
underground 1550 nm up 50 m bre \>

\/

Table D.4 — Rest |cte€~ax exampje scenarios

Scenario \6Vavele t um power Hazard Requirements
level
N\
1) Bundled singlemoge f| cable up to 24 mw 3A Labelling
connectorized, iR per fibre
on industrial prem
A
P) Same as 1) but w 1 300 up to 24 mW 1 No requirements
power reductlon t class per fibre
levels
3) Eight fib 1 300 nm upto 1,1 mwW 1 No requirements
cable, per fibre
panel o
) Same as 3) \> 1 300 nm up to 3 mw 3A Labelling
per fibre
b) Sametas’3) 1300 nm up to 24 mwW 3B Not permitted
per fibre
B) ‘Bundled singlemode fibre cable 1300 nm up to 24 mW per fibre 3A Labelling
connectorized, in patch panel on and for 1 300 nm and
industrial premises 1550 nm up to 50 mW per fibre

for 1 550 nm
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Table D.5 — Unrestricted access example scenarios

Scenario Wavelength Maximum power H|2€21d Requirements
1) Bundled singlemode fibre cable, 1300 nm up to 24 mW 3A Labelling and class 1
connectorized and accessible per fibre from connector,
in home wiring or on consumer otherwise connector
equipment requires tool
D) Same as 1) but with automatic T300 nm up 10 24 mW T NO requirements
power reduction to class 1 levels per fibre
3) Eight fibre singlemode fibre 1300 nm up to 1,1 mw 1 equirements
ribbon cable connectorized and per fibre
accessible in home wiring or on <\
consumer premises
P AN
1) Same as 3) 1300 nm up to 3 mwW 3A d elass 1
per fibre or,
onnector
tool
/\ ANS
) Same as 3) 1 300 nm up to 24 x 3 Nof permitted
per flbr
K) Bundled singlemode fibre cable, 1300 nm M W Labelling and class 1
connectorized and accessible in 00 and,u > from connector,

home wiring or on consumer
equipment

and
1550 @

or 1{55
er fib

otherwise connector
requires tool

9,

S
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