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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC ACTIVE COMPONENTS AND DEVICES -
TEST AND MEASUREMENT PROCEDURES -

Part 7: Calculation methodology of laser safety class for
optical transceivers and transmitters

FOREWORD

1) Thqg International Electrotechnical Commission (IEC) is a worldwide organization for standardjzation comlprising
all pational electrotechnical committees (IEC National Committees). The object of IEC is to promote interrjational
co-pperation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Puljlicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC “Publication(s)")} Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject deplt with
may participate in this preparatory work. International, governmental and non-govetnmental organizations fiaising
with) the IEC also participate in this preparation. IEC collaborates closely with/the.International Organizafion for
Stapdardization (ISO) in accordance with conditions determined by agreement bétween the two organizations.

2) Thqg formal decisions or agreements of IEC on technical matters express{.as nearly as possible, an interrfational
conisensus of opinion on the relevant subjects since each technical committee has representation ffom all
intgrested IEC National Committees.

3) IEQ Publications have the form of recommendations for interpational use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content|of IEC
Pullications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misjnterpretation by any end user.

4) In ¢rder to promote international uniformity, IEC National Committees undertake to apply IEC Publigations
trarjsparently to the maximum extent possible in theirnational and regional publications. Any divergence between
anyl IEC Publication and the corresponding national*or regional publication shall be clearly indicated in the¢ latter.

5) IEQ itself does not provide any attestation ,of;conformity. Independent certification bodies provide conformity
assgssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
seryices carried out by independent certification bodies.

6) Al

7) No [liability shall attach to IEC ornits-directors, employees, servants or agents including individual expefts and
members of its technical committees and IEC National Committees for any personal injury, property danmage or
other damage of any nature *‘whatsoever, whether direct or indirect, or for costs (including legal feqs) and
explenses arising out of i{he. publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

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

8) Attgntion is drawn to‘the Normative references cited in this publication. Use of the referenced publications is
indispensable forthe.correct application of this publication.

9) IEQ draws attention to the possibility that the implementation of this document may involve the usqg of (a)
patent(s). IEC_takes no position concerning the evidence, validity or applicability of any claimed patent r|ghts in
respect théreof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be reduired to implement this document. However, implementers are cautioned that this may not represent
thellatest information, which may be obtained from the patent database available at https://patents.iec.¢h. IEC

shall-ret-be-hetd+esponsible-for-idenrtifiRra-ary—or-al-such-patent-rahis
Ld J 9 Ld J N

IEC TR 62150-7 has been prepared by subcommittee 86C: Fibre optic active components and
devices, of IEC technical committee 86: Fibre optics. It is a Technical Report.

The text of this Technical Report is based on the following documents:

Draft Report on voting

86C/1934/DTR 86C/1940/RVDTR

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this Technical Report is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 62150 series, published under the general title Fibre optic active
components and devices — Test and measurement procedures, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e regonfirmed,
e withdrawn, or

e reyised.

IMPORTANT — The "colour inside" logo on the cover page of this document indigates
that|it contains colours which are considered to be useful for-the correct understanding
of its contents. Users should therefore print this document'using a colour printer
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INTRODUCTION

2024

Laser safety criteria calculations for optical transceivers and transmitters are defined in
IEC 60825-1. However, the calculation methodology in IEC 60825-1 is complicated and covers
a wide range of laser products. This document provides simple calculation guidelines that are
tailored to transceiver and transmitter products for fibre optic telecommunication systems.

The intent of this document is to resolve possible confusion on how to handle the specifications
in IEC 60825-2, which define safety criteria for Optical Fibre Communication Systems (OFCSs).
In IEC 60825-1 the safety categories are called "Class »", but in IEC 60825-2 they are called
"Hazard level n". As single units that are not connected to an OFCS, optical transceivers and

transr
the s
integr
IEC 6
levels
same
"Clas
differq

nitters are components, for which the specifications of IEC 60825-1 are applicable,

pfety categories "Class n". However, when optical transceivers and transniitten
ated in (i.e. connected to) an Optical Fibre Communication System, the spegcificati
D825-2 apply, which uses the safety categories "Hazard level »". Hence, whenh the

in an OFCS are examined, the "Hazard level »n" categories of IEC 60825-2 apply. F
number n, the power limits of "Hazard level »n" are usually lower than the power lin
5 n". The fact that the power limits for "Class »" and "Hazard leVel '»" are somg
nt causes considerable confusion in the industry. This document therefore also ing

Hazard level calculations, which are provided in informative Annex A
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times
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cope

art of IEC TR 62150, which is a technical report, provides simple calculation-guidglines

for th¢ laser safety class of optical transceivers and transmitters, whose baselin€)standard is

IEC 6P825-1. The calculation methodology for Class 1 and Class 1M safety levels'is thg main
scopd of this document, because most of optical transceivers and transmitters_ dre specified for
these|classifications. The calculations and classifications in this document)follow IEC 60825-1,
which| specifically advises that laser safety classifications be based on tésts that consid¢r any
reasophably foreseeable single-fault condition in the application of a fransceiver or transmitter.
More jnformation can be found in IEC 60825-1:2014, 5.1.

2 Normative references

The fqllowing documents are referred to in the text in such*a way that some or all of their content
constitutes requirements of this document. For dated<references, only the edition cited agplies.
For Undated references, the latest edition of ‘the referenced document (including any
amen@iments) applies.

IEC 6D825-1:2014, Safety of laser products— Part 1: Equipment classification and requirements
IEC 6D825-2, Safety of laser products = Part 2: Safety of optical fibre communication systems
(OFC§Ps)

NOTE | IEC 60825-2:2021 refers to(I[EC 60825-1:2014 as a normative reference.

3 Terms and definitions

For the purposes-of this document, the terms and definitions given in IEC 60825-] and
IEC 6p825-2 apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addrefsés”

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

e |S

O Online browsing platform: available at https://www.iso.org/obp

4 Calculation methodology

4.1

General

Optical transceivers and transmitters are categorized as optical components, for which the laser
safety specifications are defined in IEC 60825-1. However, when the power levels in an optical
fibre communication system (OFCS) are considered, into which the transceivers or transmitters
are integrated, the safety specifications for OFCSs apply, which are defined in IEC 60825-2.
Both standards are important for transceiver and transmitter laser safety specifications,
depending on the application.


https://www.electropedia.org/
https://www.iso.org/obp
https://iecnorm.com/api/?name=7f01b5c07bf2756a58f7a2248e1d9969

-8 - IEC TR 62150-7:2024 © IEC 2024

4.2 Wavelength

In IEC 60825-1 and IEC 60825-2, laser wavelengths are categorized into several ranges, as
shown in Table 1, for which important parameters, such as the measurement conditions, the
Accessible Emission Limits (AELs) for Class 1 and Class 1M, and the coefficients C4, Cg and

C,, are defined differently. The wavelength dependence of these parameters reflects the fact
that the effects causing physical damage are wavelength dependent.

Table 1 — Laser wavelength categorization for each specific parameter

Wavelength range Condition 1, 2, 3 AEL for Class 1/ 1M | AEL for Class 1/ 1M C, Cs c,
(extended)
nm
700 to 1 050 4 v/
v
1050 to 1 150
v v v
1 150 to 1 200 4 v
1 200 to 1 400
1 400 to 4 000 v 4 A - - -
IEC 60825-2:2021
Reference Table 4 IEC 60825-1:2014 IEG.60825-1:2014 | IEC 60825-1;2014
Hocument IEC 60825-1:2014 Table 3 Table 4 Table 9
Table 10

When| considering optical transceivers for fibre)optic telecommunication systems, |three
wavelength ranges are of utmost importance. These wavelength ranges are shown in Tgble 2.
In thig document, a case study for these three wavelength ranges is provided to simplify| laser
class calculations.

Table 2 — Wavelength ranges for fibre optic telecommunication systems

Wavelength range Optical modulation format Fibre
nm
700 to 1 050 Intehsity modulation (on-off keying) Multimode fibre (MMIf)
1200 to 1 400 Intensity modulation (on-off keying) Single-mode fibre (SMF)

Coherent modulation (phase-shift keying)

1400 to 4 000 Intensity modulation (on-off keying) Single-mode fibre (SMF)

Coherent modulation (phase-shift keying)

4.3 Time base

In IEC 60825-1 and IEC 60825-2, the time base of exposure is one of the principal parameters
for laser class calculations, as shown in IEC 60825-1:2014, Table 3 and Table 4. In the case of
optical transceivers and transmitters for fibre optic communication systems, the power of on-
off-keyed optical signals varies randomly with time but at relatively high speed, whereas the
power of phase-shift-keyed signals, which are often used in coherent transmission systems, is
quasi-continuous. In this document, a time base of more than 100 s is assumed for Table 3 and
Table 4 in IEC 60825-1:2014 to simplify the calculations, considering actual laser product
emission duration.

4.4 Hazard for eye and skin

In case of calculating laser safety specifications, the hazards for eye and skin are both
considered to satisfy the laser safety conditions.
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4.5 Class categories

IEC 60825-1 specifies eight levels of safety categories for laser products, which are Class 1
and 1M, Class 1C, Class 2 and 2M, Class 3R, Class 3B, and Class 4. For fibre optic transceivers
and transmitters, Class 1 and 1M are of primary concern in the industry. Therefore, the criteria
of only these two levels and their calculation methodology are reviewed in this document.

"Class 1" limits the optical power to less than or equal to Class 1 power criteria for Condition 1
and Condition 3 (these conditions are described in more detail in 4.6). "Class 1M" limits the
optical power to greater than the Class 1 power and less than the Class 3B power for Condition
1, and less than or equal to the Class 1 power for Condition 3. The requirements are
summacized in Table 3_which shows that the "Class 1 pnwpr" is mlfnmafir‘nlly Inrper‘ri ed by
the m{nimum of the Class1 power limits under Condition 1 and Condition 3, whereas thé,/IClass
1M pgwer" is the minimum of the Class 3B power limit under Condition 1 and the Class. 1 power
limit ynder Condition 3.

Table 3 — Class 1 and Class 1M power criteria

Condition 1 Condition 2 Condition 3
Class 1 power Power < Class 1 - Power < Class (1
Class 1M power Class 1 < power < Class 3B - Power < Class [l

4.6 |Measurement conditions 1, 2, and 3
Threel combinations of measurement aperture stop,_and distance from source to apertyre for

evalugtion are specified in IEC 60825-1 and IEC 60825-2. Figure 1 shows a graphic illusfration
of thelmeasurement setup.

|_V_ Aperture stop

I Iy
Distance

Figure 1 — Graphic illustration of distance to source and aperture stop

IEC

Three| conditionsyare described in Table 4:

¢ Conditionnt"applies to collimated beams, where the use of a telescope or binoculafs can
in¢rease the hazard,;

e Candition 2 applies to divergent beams, where the use of eye loupes or high power
magnifiers can increase the hazard;

e Condition 3 applies to naked eye viewing or viewing with low power magnifiers.

More information on these measurement conditions can be found in IEC 60825-1:2014, 5.4.1,
and in IEC 60825-2:2021, 4.7.1.

In IEC 60825-1, only Condition 1 and Condition 3 are considered. In IEC 60825-2, all three
conditions are examined. Two wavelength ranges are specified for these three conditions, as
listed in Table 4.
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Condition 1 Condition 2 Condition 3
Wavelength range Aperture stop | Distance | Aperture stop | Distance | Aperture stop | Distance
nm mm mm mm mm mm mm
400 to 1 400 50 2 000 3,5 35 7 100
24,5 3,5
1400 to 4 000 2 000 3,5 14 100
(time > 10 s) (time > 10 s)

Assur

ning that the total output power of the laser source is P; and the power passing thrgqugh a

circular aperture is P, then the collecting efficiency n (with 0 < 5 < 1) is defined as\yy'=

As ca
less t
allowad
which

().

For e
nis o
diverd
sourc

In the

half tH
the 5

For a

h be seen from Figure 1, the power P, passing through the specified aperture usu

ble laser power P; .« is the power P; at which P, is equal to a specified-power limit

is referred to as the Accessible Emission Limit (AEL). Hence, P;{zy

Pimax = Paec! 1

alculated assuming a light beam with Gaussian’ divergence. The diameter dgq

ent beam that contains 63 % of the total power at a distance » from the apparent
b (e.g. an optical fibre end) is used to calculate 7.

case of MMFs, the numerical aperture, 6y, of a point source is defined as the sine o

e divergence angle of an emergen¥laser beam, ¢, of the output beam, as measu
6o-off-peak-irradiance points. This relationship is described by Formula (2).

¢/ 2 =asin (6yp)

Gaussian beam, the‘beam diameter dg3 is given by Formula (3).

dgz = 12—; tan [asin (HNA)} ~

Thed

ergminator 1,7 is the ratio of the beam diameter dgg that corresponds to the 5 %-off-

Po/P,.
plly is

han the source output power P;, so that the ratio » is a number less thai\1. The mgximal

PpgL

is given by Fdrmula

(1)

hch column of Table 4 (defined by the combinatien<of condition and wavelength range),

of a
point

if one-
red at

(2)

3)

peak-

irradiance point 1o dgs, 1.€. dggldgz = 1,7.

The parameter n is the collecting efficiency of a Gaussian beam passing through the aperture.

Its val

ue is calculated from Formula (4).

n=1-exp[~(d/dgs3)?]

where

d is

the diameter of the aperture stop.

(4)
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For MMFs, 6y = 0,18 can be assumed. For each of the three conditions, the resulting values
of 1/5 can then be calculated from Formulae (3) and (4), using the corresponding values for d
from Table 4. The results are summarized in Table 5. Please note that these values are for
MMFs under the assumption that 6y, is 0,18. The NA of MMFs can vary between 0,2 and 0,29,
depending on the design. However, a value of 0,18 is used in these exemplary calculations to
harmonize with IEC 60825-1. For practical applications, it is advisable to use the actual NA of
the particular MMF used in the transceiver or transmitter.

Table 5 — Values of 1/77 under Conditions 1, 2 and 3 for MMFs

Wavelength Condition 1 Condition 2 Condition 3
nm

400 to 1 400 72,25 5,00 9,66

1400 to 4 000 299,34 1,33 37,11

It follpws from Table 5 and Formula (1) that Condition 2 yields the lowest values for P ...
compared with Condition 1 and Condition 3.

In the[case of SMFs, dgs is calculated from Formula (5).

where
A isthe wavelength, expressed in nm;
oq is the beam spot size of the fibre, expressed in nm.

With this result, n can be calculated as:shown in Formula (6).

2 2
d Twy d
—12exp |- = | |=1-exp| - - 6

Table|6 summarizes\the values of d/r for SMFs calculated for the three conditions. It isf seen
from this table that\the largest values of d/r are obtained for Condition 2. Since 1/ decrgpases
monotonically withrincreasing d/r, it follows from Formula (1) that Condition 2 yields the smallest

value$ for P 5y, compared with Conditions 1 and 3.

Table 6 — Values of d/r under Conditions 1, 2 and 3 for SMFs

Wavelength
Condition 1 Condition 2 Condition 3
nm
400 to 1 400 0,025 0,1 0,07
1400 to 4 000 0,012 3 0,25 0,035

It is assumed in this document that the outgoing beam has a circular Gaussian profile, but for
some optical transceivers, it is more appropriate to assume an elliptical two-axes Gaussian
profile for the outgoing beam. However, neither IEC 60825-1:2014 nor IEC 60825-2:2021
specify a calculation methodology for such a beam profile.
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4.7 Correction factors

In MMF applications, the correction factor Cg is applied, which is defined by the angular
subtense « of the apparent source. In SMF applications, Cg = 1. In MMF applications, the fibre

core diameter (e.g. 50 ym, 62,5 ym, or 80 uym) is considered as the diameter of the apparent
source, dg, so that «is given by Formula (7).

a=dglr (7)

A lasersource is considered an extended source when the angular subtense ~ of the output

beam|is greater than «,;, = 1,5 mrad. Most laser sources have an angular subtense|\df less

than 1,5 mrad and thus appear as a "point source" when viewed from within the beamVIndeed,
a circular laser beam cannot be collimated to a divergence of less than 1,5 mrad if it is emitted
by an| extended source. Hence, a laser source with a beam divergence of 1,5smrad of less
canngt be treated as an extended source. For point sources, ais set to af;y= 1,5 mrad and

Ce = 1. For extended sources, where « is greater than 1,5 mrad, the AEL"is increased by a
factor| of a /e, (which is the correction factor Cg), due to the spreading effect of theg light
source. The correction factor Cy is calculated from Formula (8).

1 , o< Omin
a
Ce = » Omin S8 < Gmax (8)
%min
a
max
— 0 2 Omax
%min

where
Qpmin 3 1,5 mrad;
max F 100 mrad.

Table|7 summarizes the\values of Cg calculated for the three measurement conditions and the
three [fibre core diametérs. This table also lists the values of the parameter T,, which is falled
"time preak point*.and defined as shown in Formula (9).

J 10s , a < Omin
—0min )/98.5
F=40 1n(a amm) S—Smin =% =max (9)
l 100s 0 2 Gmay
where
Opin = 1,5 mrad;
Qmax = 100 mrad.

Hence, the value of T, depends on measurement conditions and fibre core diameter. The
damage caused by laser irradiation is most severe when the exposure time is longer than 75,.
For MMFs, T, is 10 s when « < 1,5 mrad but increases beyond 10 s when « > 1,5 mrad. For the
purpose of this document, it is assumed that the exposure time is always greater than T’,.
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Table 7 — Values of Cg and T, for an extended light source

Fibre core diameter Distance r a Ce T,
um mm mrad s
50 14 3,57 2,38 10,5
50 35 1,43 1 10
50 100 0,5 1 10
50 2 000 0,025 1 10
62,5 14 4,46 2,98 10,72

62,5 35 1,79 1,19 10,07
62,5 100 0,63 1 10
62,5 2 000 0,031 1 10
80 14 5,71 3,81 11,04
80 35 2,29 1,52 10,19
80 100 0,8 1 10
80 2 000 0,04 1 10

Two additional correction factors, C, and C,, are used ipthe evaluation of the Accepsible

Emisdion Limits (AELs). Their values are wavelength depéndent, as shown in Table 8.

Table 8 — Values of the correction factors C, and C;

Parameter Wavelength range
nm
c, = 100,002 (1 - 700) 700 to 1 050

c,=5

1050 to 1 400

Cr=

700 to 1 150

— 0,018 (/-1 150
Cc, =10 ( )

1150 to 1 200

\ 0,04 (/-1 250
@58 + 10004 ( )

1200 to 1 400

4.8 |[Class 1Tand Class 1M power calculations

The Accessible Emission Limits (AEL) for Class 1, Class 1M, and Class 3B are speci4ied in

IEC 6p825-1:2014, Table 3, Table 4, and Table 8. Table 9 provides a summary of the AEL
values:
Table 9 — Accessible Emission Limits (AEL)
Wavelength AEL (Class 1) AEL (Class 3B)
nm w
7 x 1074 x C, x Cg x T, 025 (for Cg> 1)
700 to 1 050 0,5
3,9x 1074 x C, x C, (for Cg= 1)
1050 to 1 400 3,9 X104 x C, x C, 0,5
1400 to 4 000 1,0 x 1072 0,5
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5 Example of calculations

5.1

2024

Class 1 power for MMF applications between 700 nm and 1 050 nm wavelength

In 5.1, the AELs for MMF with 50 um, 62,5 um and 80 um core diameter are calculated. As
shown in Table 4, the distances for Condition 3 and Condition 1 are 100 mm and 2 000 mm,
respectiviely. From Table 7 it is found that Cg = 1 and T, = 10 s for any combination of the three
fibre core diameters (50 ym, 62,5 ym and 80 ym) and two distances (100 mm and 2 000 mm).
Therefore, the optical power P, at the AEL is given by Formula (10).

After

wherg
A

PpEL

Formuyla (11) is valid for MMFs with 50 ym, 62,5 ym, and’80-um core diameter.

As sh

calculated to be P; .., = 3,76x100.002 (/ = 700) (in mW)-for MMFs with 50 ym, 62,5 ym, and

core ¢

At aw

62,5 |
Figurg

The
1" ang
1 and
powe

Since
categ

FAEL—O,ﬂx |U4xb4xb7

bubstituting C, and C; from Table 8, Formula (10) becomes Formula (11).

PagL = 0,39x1 00,002 (/ - 700)

is the wavelength, expressed in nm;

is the AEL, expressed in mW.

pown in Table 5, 1/7 = 9,66 for Condition 3. Using this value, the Class 1 power |

imax —
iameter.

avelength of 850 nm, for example, the Class 1 power limit is P; 5 = 7,50 mW for §

m, and 80 uym core diameter. The power limits for other wavelengths are plot
2.

lass 1M power is defined\by the restrictions "Class 1 < Power < Class 3B for Con

"Power < Class 1 for. Condition 3". The values for 1/7in Table 5 are 72,25 for Con
9,66 for Condition.3» Therefore, the maximal power for Class 1M is defined by th
for Class 1 undér Condition 3, which is the same maximal power as for Class 1.

bry of Class 1M in the laser safety regulations for fibre optic telecommunication sy

(10)

(11)

mit is
B0 um

0 pum,
ed in

dition
dition
e AEL

the power-limits for Class 1 and Class 1M are the same, it is not necessary to defipe the

tems.
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Class 1 power (700 nm - 1 050 nm)

A i

Power (mW)
7OOOAI\) W R UTONO0OO-NWAUIOONOOO

o O O o o o o O o o o o o o o o o
N I © 0o O N ¥ O 0o O N T O 0 o o ¢
~N M~ M~ M 0©O 0 ©O W O O O O O o O o o

~ o~

IEC

Figure 2 — Class 1 power P; for MMF applications

Imax

5.2 |[Class 1 power for SMF applications between 1 200 nm and 1 400 nm wavelength

For wpvelengths between 1 200 nm and 1 400 nm, C, =5 and{¢; = [ 8 + 10 0,04 (/= 1230) ] jn
Table|8. Substituting these values into Formula (10) yields Formula (12), where PjAg| is
expregsed in mW.

PAEL=1’95x[8+100'04(l_1250)] (12)

Also, ps shown in Table 6, d/r = 0,07 for Caondition 3, so that # can be calculated as shown in
Formuyla (13).

1 %0 0072 13
=1-exp|—-| —0,
1 P 242, (13)

Therefore, the maximal power for Class 1 is given by Pj . = 1,95 x [ 8 + 10 0.04 (/=1 250) /5
(in myVv).

Figurg 3 shows)the power limit versus wavelength for the example oy = 11 um.

As digctussed in 5.1, the maximal power for Class 1M is the same as the maximal power for

CI 4 T hia HE Bot—a St dafia +h Sta-creEs £ Clo ANtk [P=Y —t f t
ass—- TS, It 1o ot oot osary (U UoTme 1o CatoyuUTy UT OTasSsS v i OTe TaSTT aey

regulations for fibre optic telecommunication systems.
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Class 1 power (1200 nm - 1 400 nm)
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Class 1 power for SMF applications between 1 400 nm@nd 1 650 nm wavelen

The AEL of the Class 1 category is 10 mW. The value of # s calculated from Formulg

using

d/r = 0,035 from Table 6 for Condition 3 and wavelengths between 1 400 nrmand 1 6

1 180,035 i
=1-exp || =20,
1 P 24/2 )

The maximal power for Class 1 is therefore given by P =10/7 (in mW). Figure 4 show

powe

imax ~
limit versus wavelength for the-example oy = 11 ym.

As digcussed in 5.1, the maximal power for Class 1M is the same as the maximal pow

Class

1. Thus, it is not necessary to define the category of Class 1M in the laser

regulgtions for fibre optic telecommunication systems.

Class 1 power (1400 nm - 1 650 nm)
180_ ™

160

Figure 3 — Class 1 power P;,., for SMF applications (1 200 nmx"1 <1 400 nm)
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Figure 4 — Class 1 power P;,., for SMF applications (1 400 nm < 4 <1 650 nm)
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6 Specific interface applications

6.1 Applications with wavelength-division multiplexing (WDM)

WDM interfaces operating in the 1 300 nm wavelength band are often used in intra-data-centre
links for transmission distances between 500 m and 40 km, whereas long-haul and data-centre-
interconnect (DCI) links often use dense-WDM (DWDM) interfaces operating in the 1 550 nm
wavelength band. This section describes the calculation method for both WDM transmission
bands.

Denoting the WDM wavelengths as 14, 45, ..., 4, it is considered that the power of all
wavelengths is weighted. Ordinarily, the same output power for each 4, is specified. Assfiming
that the dependency of  on 1 is negligibly small, the maximal allowable power Py [for] each
wavelength 4; is given by Formula (15).

Py =PpagL i 11 (15)

The ejficiency for each 4; (i.e. the ratio of effective power for Ppg| x)ds evaluated as shgwn in
Formdla (16).

Py x 1 PpgL, A (16)

The dllowed power Py is calculated so that the totakefficiency is 1, as expressed in Fgrmula
(17).

Py x1n 1 + L +...+ 1 =1 17)
PpeL it PAEL 22 PpEL, in

Solving Formula (17) for Py yieldstFormula (18).

Py =

1
n 1 1 1 (18)
+ +...+
Pper, 1 PaeL, a2 PpEL, in

6.2 |Fibre-array applications

According’ to |IEC 60825-2, in the case of a general breakage of a fibre array, numerous
experiments nave veriea that the Taw OT energy addition 1S not applicable, SO that tne most
severe optical power limit in the array can be specified as a single fibre output.

In the case of cleaved fibre ends, the fibre array is considered to be an extended source,
consisting of many light sources. The overall allowable optical power P,g| is calculated by

modifying the power of the point source using the Cgq and T, correction factors (to find the
minimum value of angular subtense averaged in 2-axis direction). Then, the allowable P,g| per
fibre is calculated by dividing the overall allowable optical power Pog| by the number of fibres

in the array. If the number of fibres in the array is N, the allowable optical power per fibre is
calculated for all combinations » = 1, 2, ..., N, and the smallest power among them is the
maximal allowable optical power of the fibre array.
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The general calculation method is as follows. Assuming that the mode field diameter (MFD) is
d, the fibre array pitch is p, the number of fibres is N, and the distance from the light source to
the object is r, then the vertical and horizontal angular subtenses, «, and «,, are given by

Formulae (19) and (20).

The p

In the

o,=dlr

ap=[(N-1)xp+d]/r

(19)

(20)

arameters Cg and I, are calculated separately 1or «,, and ¢, and can then be averd

case of SMF, the total maximal power is given by Formula (21).

PpgL = 3,9 x1074 x Cy x C7 % Cg % T,70:25

Thereffore, the power limit per fibre is given by Formula (22).

All co
array.

The ¢
multi-

PpeL ¢ = PaeL /N

mbinations of N are examined and the minimal valug of Ppg| ¢ is the power limit pe

blculations presented in 6.2 apply to a one-dimensional optical fibre array. In the ¢

dimensions. In such a case, the calculations are performed under the most stringent cond
wherd the average angular subtense of the two orthogonal axes becomes smallest for any
fibre gombination.

ged.

(21)

(22)

r fibre

ase of

core fibres, for example, it is important~to consider an extended light source ih two

tions,
given
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A1

Annex A
(informative)

Hazard level calculations

General

When optical transceivers and transmitters are integrated in an optical fibore communication
system (OFCS), the laser safety categories are defined and specified in IEC 60825-2, which

classi

the fik

criteri

fies them as "Hazard levels". Hazard level 1 and Hazard level 1M are often _exami

ned in

transrission system safety criteria and not component safety criteria.

re optic industry. The Hazard level specifications are similar to the Class1 and Clags 1M
B, but with some important differences. It is important to note that these criterfa are

The differences between the criteria for the Class and Hazard level categories depend ¢n the

meas

1M sdfety requirements.

Table A.1 — Power limits for Hazard levels 1 and 1M

irement conditions. Table A.1 lists the criteria to meet Hazard level™ -and Hazard level

Hazard level Condition 1 Condition 2 Condition J
1 Power < Class 1 limit Power < Class 1 limit Power < Class 1| limit
™ Class 1 limit < power < Class 3B limit Power < Class 3B limit Power < Class 1| limit
As can be seen from Table 5 and Table 6, the value of 1/7 is smaller for Condition 2 than for

Condi
limits

of Condition 2. In the case of SMF.Gh Table 6, 1/5 is minimal when d/r is maximal.

ion 1 and Condition 3. Therefore, the Hazard level power limits are determined by the

Anothler important point to rememberis that the values of Cq and T, are different for MMFs with

50 um

, 62,5 um and 80 um core(diameter.

Calcujations for the power.limits of the Hazard levels are made with reference to Clause

A.2

A.2.1
The r¢

Example of calculations

MMEF applications at wavelengths between 700 nm and 1 050 nm

The AELNS calculated from the equations shown in Formula (A.1).

lated.parameters for Class 1 and Hazard level 1 calculations are summarized in Tabje A.2.

PAEL= 7 x 10_4 X C4 X Ce X T2_0‘25 (for C6> 1)
PAEL= 3,9X 10_4 X C4 X C7 (for C6= 1)

C, = 100,002 (1 - 700)

(A1)
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Table A.2 — Related parameters for MMF applications

Category Core Ce T, Tz_o'25 AEL 1In Condition Power limit

um mW mW

50 1 10 0,562 0,3934 ¢, 9,66 3 3,76 C,

Class 1 62,5 1 10 0.562 0,3934C, 9,66 3 3,76 C,

80 | 1 10 | o562 | 03934C, | 966 3 3,76 C,

50 | 1 10 | o562 | 03934C, | 500 2 1,97 C,

Hazdgratevett 6275 19 10707 0561 846735 5700 2 2:34€),

80 1,52 | 10,19 0,560 0,5958C, 5,00 2 2,98-C},

The AEL values for Class 1/1M and for Hazard levels 1 and 1M are summarized in Tablg A.3.
As depcribed in 5.2, Class 1 and Class 1M have the same power limits. ¢n the case of Hazard
level 1M, the power limit of Class 3B is 0,5 W, and the maximal power limits of Condition|1 and
Condition 2 are more than 2,5 W. Therefore, Hazard level 1M is determined by the powdr limit
of Class 1 under Condition 3.

Table A.3 — AEL values for Classes 1 and 1M and. Hazard levels 1 and 1M

Category Core AEL 17 Condition Power limit
um mW mW
50 0,3934C, 9,66 3 3,80 C,
Class 1/
62,5 0,393 4 C, 9,66 3 3,80 C,
Class 1M
80 0,393 4%, 9,66 3 3,80 C,
50 0,393'4 C, 5,0 2 1,97 C,
Hazard level 1 62,5 0,467 3 C, 5,0 2 2,34 C,
80 0,595 8 C, 5,0 2 2,98 C,
50 0,3934C, 9,66 3 3,80 C,
Hakard level 1M 62,5 0,3934C, 9,66 3 3,80 C,
80 0,3934C, 9,66 3 3,80 C,

Table|A.5(nNEC 60825-1:2014 specifies the Maximum Permissible Exposure (MPE) to human
skin, yhich is 2 000 x C, (Wm~2). Considering an aperture area of n x (7/2)2 = 38,47 mm}2, the
skin MPE is given by 76,9 x10Y,9V« 0= 7UU) (in mW). The skin MPE is always larger than the

Class 1 and Hazard level 1 power limits listed in Table A.3. Therefore, the maximal Class 1 and
Hazard level 1 power is derived from AEL calculations.

For reference, the power limits for Class1 and Hazard level 1 are shown in Figure A.1. The
power limits for Hazard level 1M are not shown in this graph, because they are the same as for
Class 1.
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