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Publication IEC 60825-1 (Second edition — 2007) I-SH 01
SAFETY OF LASER PRODUCTS -

Part 1: Equipment classification and requirements

INTERPRETATION SHEET 1

This interpretation sheet has been prepared by committee 76: Optical radiation safety and
laser equipment.

The text of this interpretation sheet is based on the following docume

ISH Report on voti%
76/415/1SH 76/418/RVI§\

&sh e

Full information on the voting for the approval of this jaterp be found in the

report on voting indicated in the above table.

Subclauses 9.2 and 9.3

These subclauses are

Introduction Q

Interpretati

The following
and 9.3.

able oytlines the process in this interpretation of IEC 60825-1, subclauses 9.2

IF THEN

Angular Subtense > 1,5 mrad @ 100 mm from | Condition 2 need not be considered
the reference point

Angular Subtense < 1,5 mrad @ 100 mm; or | Use simplified Condition 2, C5 = 1
the angular subtense is not determined

Optional for intermediate sources: Angular | CAN use Figure 5 (with Cg determined using
Subtense < 1,5 mrad @ 100 mm AND > | Figure 5) if simplified Condition 2 is too
1,5 mrad using Figure 5 restrictive for the application
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Rationale

Based on independent studies (see for instance reference [1]), it is found that for extended
sources and for radiation in the wavelength range of 400 nm to 1 400 nm, Condition 3 will in
most cases be more restrictive than Condition 2 for extended sources (Figure 5). The main
reason for this is the magnification of the source obtained with Condition 2. Also, the aperture
stop of Condition 2 is limited to 3,5 mm since it simulates a case where there is a high level of
ambient lighting, while Condition 3 uses a 7 mm aperture stop, as it simulates a general
viewing condition including accidental exposure.

Row 17 in the table above:

If the source is not extended for unaided viewing (i.e. the e of the apparent
source is less than 1,5 mrad at 100 mm distance from € or if the angular

For the case that the optional applicati
considered, the following cases can b

extended sougces (may
applied for @ D.
corresponding\ang

should be noted

the angular subtensg of the apparent source. The apparent source can be assumed to be a small source to simplify
the analysis, since this wolld be the most restrictive case. The simplified measurement conditions listed in Table
11 would apply (Row 2 in the table above).

References

[1] Influence of magnifiers on ocular exposure levels, G Vees, R Gilber and K Schulmeister,
ILSC Paper 503, ILSC 2009 Proceedings (Laser Institute of America)
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TC 76/Publication IEC 60825-1 (2007), second edition/I-SH 02
SAFETY OF LASER PRODUCTS -

Part 1: Equipment classification and requirements

INTERPRETATION SHEET 2

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

The text of this interpretation sheet is based on the following documents;

ISH Report on voting /\
76/437/ISH 76/440/RVD

Full information on the voting for the approval of this interpre be found in the

report on voting indicated in the above table.

Subclause 8.3 f 3)

Introduction

For pulse durat@
,N-0.25 criterion®) prod

f 3) b).

application of the criterion given in 8.3 f 3) a) (the
e results when compared to the TOTP criterion 8.3

NOTE This Int&rpre \ t applies to MPE analyses (subclause A.3 c)).

NOTE 1 If the “N~925 criterion” is applied, it would have to be adopted as follows so that it results in equivalent
evaluations as the TOTP criterion:

Pulses with durations less than T, are assigned pulse durations of T;. If two or more pulses occur within a duration

of T;, these pulse groups are assigned a pulse duration of T,. The reduction factor C; is applied to the AEL that is

applicable for T; (i.e. C5 - AEL(T;)). If one pulse occurs within T;, the energy of that pulse is compared with the
reduced AEL, i.e. with C, - AEL(T,)). If more than one pulse occurs within T,, the sum of the energies of these
pulses is compared with the reduced AEL.

NOTE 2 For the heading of 8.3 f 3) b)), instead of “for varying pulse widths or varying pulse durations” the
intended wording was “for varying pulse widths or varying pulse intervals“ as corrected in Corrigendum 1”.

Rationale

For constant pulse durations and energies, the two criteria (the N=0.25 and the TOTP criterion)
should be, as a general principle, equivalent for all pulse durations, as both reflect the same
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thermal additivity of multiple pulse exposures and constant pulse trains are a special case of
non-constant pulse trains.

For pulse durations longer than T,, the TOTP and the N-0.25 criteria, as given in IEC 60825-
1:2077, do produce mathematically identical evaluations. For pulse trains where individual
pulse durations are shorter than 1 ns, because the N=0.25 criterion is applied in IEC 60825-1
to the AEL for the single pulse (which for pulse durations less than 1 ns is smaller than the
AEL for T; of 18 ps or 50 ps), the N~0:25 criterion and the TOTP criterion produce different
results. Since both rules are intended to reflect thermal additivity of pulses, the TOTP is the
more general criterion. Criteria that would make the current N=0.25 criterion equivalent with
the TOTP criterion are outlined in NOTE 1 above.

This instruction will remain valid until a new version of IEC 60825-1 is published.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF LASER PRODUCTS -

Part 1: Equipment classification and requirements

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for stndard|t|on comprising
all national electrotechnical committees (IEC National Committees). The objeg to promote
international co-operation on all questions concerning standardization in the electf\
this end and in addition to other activities, IEC publishes International Sta
Technical Reports, Publicly Available Specifications (PAS) and Guides 3
Publication(s)”). Their preparation is entrusted to technical committees; a E i njtte®/interested
in the subject dealt with may participate in this preparatory work b Y
governmental organlzatlons Ilalsmg with the IEC also part|0|pate in th

agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical mattg as early as possible, an lnternatlonal
consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

the latter.

5) IEC provides no marki
equipment declared to

6) All users should@ ,
7) No liability shall atdcprt

International Standard IEC 60825-1 has been prepared by IEC technical committee 76:
Optical radiation safety and laser equipment.

This second edition of IEC 60825-1 cancels and replaces the first edition published in 1993,
its Amendment 1 (1997) and its Amendment 2 (2001). It constitutes a technical revision. The
user’s guide has been removed from this part of the IEC 60825 series and is now a separate
document (Part 14). Light emitting diodes (LEDs) have been removed from the scope of this
part of IEC 60825, but may still be included in other parts.
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This part of IEC 60825 has the status of a Group Safety Publication, in accordance with
IEC Guide 104 1), for aspects of laser radiation pertaining to human safety.

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

CbhV Report on voting
76/338/CDV 76/357/RVC

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

the maintenance result date indicated on the IEC
the data related to the specific publication. At thi

* reconfirmed;
* withdrawn;

* replaced by a revised edition, or
*+ amended.

The contents of the cg ave been included in this copy.

1) 1EC Guide 104:1997, The preparation of safety publications and the use of basic safety publications and group
safety publications
It gives guidance to IEC technical committees and to writers of specifications concerning the manner in which
safety publications should be drafted.
This guide does not constitute a normative reference and reference to it is given for information orDocuments
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SAFETY OF LASER PRODUCTS -

Part 1: Equipment classification and requirements

1 Scope and object

IEC 60825-1 is applicable to safety of laser products emitting laser radiation in the
wavelength range 180 nm to 1 mm.

standard.

In addition to the
other hazards such

NOTE 4 Other standards may contain additional requirements. Consideration should also be given to the intended
application and user group. For example, a class 3B or class 4 laser product may not be suitable for use as a
consumer product.
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Where a laser system forms a part of equipment which is subject to another IEC product
safety standard (e.g. for medical equipment (IEC 60601-2-22), IT equipment (IEC 60950),
audio and video equipment (IEC 60065), equipment for use in hazardous atmospheres
(IEC 60079), or electric toys (IEC 62115)), this Part 1 will apply in accordance with the
provisions of IEC Guide 1042) for hazards resulting from laser radiation. If no product safety
standard is applicable, then IEC 61010-1 applies.

In previous editions, LEDs were included in the scope of IEC 60825-1, and they may be still
included in other parts of the IEC 60825 series. However, with the development of lamp safety
standards, optical radiation safety of LEDs in general can be more appropriately addressed by
lamp safety standards. The removal of LEDs from the scope of this Part 1 does not preclude
other standards from including LEDs whenever they refer to Iasers CIE SQ09 may be applied

collateral radiation might be hazardous, the laser
conservatively evaluate this potential hazard.

NOTE 5 Annexes A to H have been mcluded for puUrpogeés\o gengral/guidance and to illustrate many typical
S Ve ¢ sti & rence should always be made to

and laser products according to their
id hazard evaluation and to aid the

e to establish ui
precautions X

2) |EC Guide 104:1997, The preparation of safety publications and the use of basic safety publications and group

safety publications Docu ments
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2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60050-845:1987, International Electrotechnical Vocabulary (IEV) — Chapter 845: Lighting

IEC 60601-2-22, Medical electrical equipment — Part 2: Particular requirements for the safety
of diagnostic and therapeutic laser equipment

IEC 61010-1, Safety requirements for electrical equipment for measureme ol, and
laboratory use — Part 1: General requirements

3 Terms and definitions

For the purposes of this document, the definitions of IEC
apply.

31

access panel
part of the protective housing or enc
removed or displaced

ides access to laser radiation when

3.2
accessible emission
level of radiation dete
units of Watts
J-m-2) as describe

The accessible &
Definition 3.
(Definition

standardy™w

permine the class of the laser product. In the body of the
e termVemission level” is used, it is to be understood as accessible

NOTE When the beam digameter is larger than the aperture stop, the accessible emission when given in units of
Watts or Joules is less™ian the total emitted power or energy of the laser product. When the beam diameter is
smaller than the diameter of the limiting aperture, the accessible emission when given in units of W-m-2 or J-m-2,
i.e. as irradiance or radiant exposure averaged over the limiting aperture, is smaller than the actual irradiance or
radiant exposure of the beam. See also aperture stop (3.9) and limiting aperture (3.52).

3.3

accessible emission limit

AEL

the maximum accessible emission permitted within a particular class

NOTE Wherever the text refers to “emission level not exceeding the AEL” or similar wording, it is implicit that the
accessible emission is determined following the measurement criteria specified in Clause 9.
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3.4

administrative control

safety measures of a non-engineering type such as: key supervision, safety training of
personnel, warning notices, count-down procedures, and range safety controls

3.5

alpha min

O min

see angular subtense and minimum angular subtense (see 3.7 and 3.58)

3.6

angle of acceptance
plane angle within which a detector will respond to optical radiation,
radians

field of view.
Symbol: y

3.7
angular subtense of the apparent source
o

NOTE 3 The angular sub
angular subtense of the so

divergence of the b@
3.8

aperture
any opening in
laser radiatiopni

aperture stop
opening serving to défine the area over which radiation is measured

3.10

apparent source

for a given evaluation location of the retinal hazard, the real or virtual object that forms the
smallest possible retinal image (considering the accommodation range of the human eye)

NOTE 1 The accommodation range of the eye is assumed to be variable from 100 mm to infinity. The location of
the apparent source for a given viewing position in the beam is that location to which the eye accommodates to
produce the most hazardous retinal irradiance condition.

NOTE 2 This definition is used to determine, for a given evaluation position, the location of the apparent origin of
laser radiation in the wavelength range of 400 nm to 1 400 nm. In the limit of vanishing divergence, i.e. in the case
of a well collimated beam, the location of the apparent source goes to infinity.
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3.1

beam

laser radiation that may be characterized by direction, divergence, diameter or scan speci-
fications

Scattered radiation from a non-specular reflection is not considered to be a beam.

3.12
beam attenuator
device which reduces the laser radiation to or below a specified level

3.13

beam diameter
beam width
the beam diameter d, at a position in space is the diameter of t
contains u % of the total laser power (or energy)

es e which

For the purpose of this standard dg3 is used.

NOTE 1 In the case of a Gaussian beam, dg corresponds to the poin adi g (radiant exposure)
falls to 1/e of its central peak value.

NOTE 2 The second moment diameter definition (as defined i
central high irradiance peaks and a low level background, such

If the beam diameters (s
divergence is given by;

Sl unit: radian

3.15
beam expande
combination of\Qpticak elements which will increase the diameter of a laser beam

3.16

beam path component

optical component which lies on a defined beam path (e.g. a beam steering mirror or a
focusing lens)

3.17
beam stop
device which terminates a laser beam path

3.18

Class 1 laser product

any laser product which during operation does not permit human access to accessible laser
radiation in excess of the accessible emission limits of Class 1 for applicable wavelengths and
emission durations (see 8.2 and 8.3 €))
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NOTE 1 See also the limitations of the classification scheme in Annex C.

NOTE 2 As tests for the determination of the classification of the product are limited to tests during operation, it
may be the case for embedded laser products that, depending on the product, radiation above the AEL of Class 1
can become accessible during maintenance when interlocks of access panels are overridden.

3.19

Class 1M laser product

any laser product in the wavelength range from 302,5 nm to 4 000 nm which during operation
does not permit human access to accessible laser radiation in excess of the accessible
emission limits of Class 1 for applicable wavelengths and emission durations (see 8.3e)),
where the level of radiation is measured according to 9.2 g)

NOTE 1 See also the limitations of the Classification scheme in Annex C.

hazardous when viewed using an optical instrument (see 8.2).

NOTE 3 As tests for the determination of the classification of the product arge
may be the case for embedded laser products that, depending on the product
can become accessible during maintenance when interlocks of access pane

3.20
Class 2 laser product

does not permit human access to acce33|ble
emission limits of Class 2 for applicak

8.3e))
NOTE 1

NOTE 2 As tests for the determjnation of the e

may be the case for embeddedAaser pr U i q the product, radiation above the AEL of Class 2
can become accessible during i ess panels are overridden.

3.21

Class 2M laser d

any laser prod 3 g/from 400 nm to 700 nm which during operation
does not permit 7 S gssible laser radiation in excess of the accessible

emission limits o ’ icable wavelengths and emission durations (see 8.3 e)),

where the level of ra d according to 9.2 h)

NOTE 1

NOTE 2 € 3 with a smaller measurement aperture or at a greater distance from the apparent
source than b ass 2 laser products, the output of a Class 2M product is therefore potentially
hazardous whemi i n optical instrument (see 8.2).

NOTE 3 As tests forthe determination of the classification of the product are limited to tests during operation, it
may be the case for embedded laser products that, depending on the product, radiation above the AEL of Class 2M
can become accessible during maintenance when interlocks of access panels are overridden.

3.22

Class 3R and Class 3B laser products

any laser product which during operation permits human access to laser radiation in excess of
the accessible emission limits of Class 1 and Class 2, as applicable, but which does not
permit human access to laser radiation in excess of the accessible emission limits of Classes
3R and 3B (respectively) for any emission duration and wavelength (see 8.2)

NOTE 1 See also the limitations of the Classification scheme in Annex C.

NOTE 2 Class 1M and Class 2M products may have outputs above or below the AEL of Class 3R, depending on
their optical characteristics.
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3.23

Class 4 laser product

any laser product which permits human access to laser radiation in excess of the accessible
emission limits of Class 3B (see 8.2)

3.24

collateral radiation

any electromagnetic radiation, within the wavelength range between 180 nm and 1 mm,
except laser radiation, emitted by a laser product as a result of, or physically necessary for,
the operation of a laser

3.25
collimated beam
beam of radiation with very small angular divergence or convergence

3.26

continuous wave

cw

in this Part 1, a laser operating with a continuous outpu
than 0,25 s is regarded as a CW laser

qual to or greater

3.27
defined beam path

3.28
demonstration laser product

The term "demonstratio S Yot apply to laser products which are designed
and intended for~qt sati yh they may be used for demonstrating those

A perfectd
radiation.

[IEV 845-04-47, modified]

3.30

embedded laser product

in this Part 1, a laser product which, because of engineering features limiting the accessible
emission, has been assigned a class number lower than the inherent capability of the laser
incorporated

NOTE The laser which is incorporated in the embedded laser product is called the embedded laser.

3.31

emission duration

temporal duration of a pulse, of a train or series of pulses, or of continuous operation, during
which human access to laser radiation could occur as a result of operation, maintenance or
servicing of a laser product
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For a single pulse, this is the duration between the half-peak power point of the leading edge
and the corresponding point on the trailing edge. For a train of pulses (or subsections of a
train of pulses), this is the duration between the first half-peak power point of the leading
pulse and the last half-peak power point of the trailing pulse.

3.32
errant laser radiation
laser radiation which deviates from a defined beam path

Such radiation includes unwanted reflections from beam path components and deviant
radiation from misaligned or damaged components.

3.33

exposure duration
duration of a pulse, or series, or train of pulses or of continuous e
incident upon the human body

For a train of pulses, this is the duration between the first half-g
pulse and the last half-peak power point of the trailing pulseg

3.34

extended source viewing
viewing conditions whereby the apparent source
angle at the eye greater than the minim0

Examples are viewing o
diode arrays.

3.35 Q
fail safe

design consideratigf

In the failure mode

3.36
fail safe’sa
interlock which
an interlock which positively driven into the OFF position as soon as a hinged cover begins
to open, or before d detachable cover is removed, and which is positively held in the OFF
position until the hinged cover is closed or the detachable cover is locked in the closed
position

3.37

human access

a) ability of the human body to meet laser radiation emitted by the laser product, i.e.
radiation that can be intercepted outside of the protective housing, or

b) ability of a cylindrical probe with a diameter of 100 mm and a length of 100 mm to intercept
levels of radiation of Class 3B and below, or

c) ability of a human hand or arm to intercept levels of radiation above the AEL of Class 3B,
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d) also, for levels of radiation within the housing that are equivalent to Class 3B or Class 4,
ability of any part of the human body to meet hazardous laser radiation that can be
reflected directly by any single introduced flat surface from the interior of the product
through any opening in its protective housing

NOTE For laser products that provide walk-in access, it is necessary to consider radiation both inside and outside

of the protective housing for the determination of human access. Human access inside the housing can be
prevented by engineering controls such as automatic detection systems.

3.38

integrated radiance

integral of the radiance over a given exposure duration expressed as radiant energy per unit
area of a radiating surface per unit solid angle of emission

usually expressed in J-m=2.sr-1)
( y exp

3.39

intrabeam viewing
all viewing conditions whereby the eye is exposed to the dire
beam in contrast to viewing of, for example, diffuse reflectiop

flected laser

3.40
irradiance

element

Symbol: E
S| unit: watt per square metre (W-m~2)

3.41
laser
any device which ca e or amplify electromagnetic radiation in the
wavelength rano arily by the process of controlled stimulated
emission

3.43
laser energy source

any device intended for use in conjunction with a laser to supply energy for the excitation of
electrons, ions or molecules

General energy sources such as electrical supply mains or batteries are not considered to
constitute laser energy sources.

3.44
laser hazard area
see nominal ocular hazard area (3.61)
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3.45

laser product

any product or assembly of components which constitutes, incorporates or is intended to
incorporate a laser or laser system

3.46

laser radiation

all electromagnetic radiation emitted by a laser product between 180 nm and 1 mm which is
produced as a result of stimulated emission

3.47

laser safety officer
one who is knowledgeable in the evaluation and control of lag
responsibility for oversight of the control of laser hazards

and has

3.48

laser system
laser in combination with an appropriate laser energy
incorporated components

ithout additional

3.49
light emitting diode
LED
any semiconductor p-n junction device
radiation by radiative recombination #
180 nm to 1 mm

\ ¢ to produce electromagnetic
ductor in the wavelength range from

3.50
limiting angle o ce

for evaluation of {
acceptance, Y, J& S

c spots. If the measurement angle of acceptance vy is not limited to
the specifiedNeye xard may be over-estimated

NOTE If the angular sub{ensé of the apparent source is smaller than the specified limiting angle of acceptance,
the actual measurement angle of acceptance does not affect the measurement and does not have to be limited, i.e.
a regular “open” angle ofdcceptance radiometer set-up can be used.

Symbol: v,

3.51
limiting angle of acceptance for evaluating thermal hazards
the maximum angular subtense to be used for the evaluation of the retinal thermal hazard

The value of the angle of acceptance ymay vary between o, and o, (see 8.3 d);
9.3.2 b) 2)).

Symbol: vy,
3.52

limiting aperture
circular area over which irradiance and radiant exposure are averaged
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3.53

maintenance

performance of those adjustments or procedures specified in user information provided by the
manufacturer with the laser product, which are to be performed by the user for the purpose of
assuring the intended performance of the product

It does not include operation or service.

3.54
maximum angular subtense
Olmax
value of angular subtense of the apparent source above which the MP
independent of the source size

and AELs are

NOTE omax = 100 mrad

3.55
maximum output
maximum radiant power, and where applicable, the maximum

3.56
maximum permissible exposure
MPE

laser radiation,

near infra-red lase
Maximum permissily
Annex A.

3.57

medical

any las ed, manufactured, intended or promoted for purposes of in vivo
diagnostic, 1S efapeutic laser irradiation of any part of the human body

3.58

minimum angular subtense

Omin
value of angular subtense of the apparent source above which a source is considered an
extended source

MPEs and AELs are independent of the source size for angular subtenses less than omin-
NOTE oamijn = 1,5 mrad

3.59

mode-locking

regular mechanism or phenomenon, within the laser resonator, producing a train of very short
(e.g. sub-nanosecond) pulses
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While this may be a deliberate feature it can also occur spontaneously as "self-mode-locking".
The resulting peak powers may be significantly greater than the mean power.

3.60
most restrictive position
position in the beam where the ratio of accessible emission over AEL is maximum

NOTE Both the accessible emission and the AEL may depend on the position of the evaluation in respect to the
beam.

3.61

nominal ocular hazard area
NOHA

area within which the beam irradiance or radiant exposure exceeds the fappropriate corneal
maximum permissible exposure (MPE), including the possibility of accide I
the laser beam

If the NOHA includes the possibility of viewing through optj
"extended NOHA".

3.62

nominal ocular hazard distance
NOHD

distance from the output aperture at which the bea
appropriate corneal maximum permissib

If the NOHD includes the possibility N\Q
"extended NOHD (ENOHD)".

3.63
operation
performance of the lasp

It does not inclu@a 9

¢ of its intended functions

3.64

photochemical

either an MPE oNAE ived to protect persons against adverse photochemical
effects

In the uMtray gth range, the photochemical hazard limit protects against adverse
effects onvthe » bens, while the retinal photochemical hazard limit, as defined in the
wavelength 400 nm to 600 nm, protects against photoretinitis -

a photochemicalxetingl injury from exposure to radiation.

3.65

protective enclosure

physical means for preventing human exposure to laser radiation, unless such access is
necessary for the intended functions of the installation

3.66

protective housing

those portions of a laser product (including a product incorporating an embedded laser) which
are designed to prevent human access to laser radiation in excess of the prescribed AEL
(generally installed by a manufacturer)
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3.67

pulse duration

time increment measured between the half peak power points at the leading and trailing
edges of a pulse

3.68
pulsed laser
laser which delivers its energy in the form of a single pulse or a train of pulses

In this Part 1, the duration of a pulse is less than 0,25 s.

3.69
radiance
quantity defined by the formula

[ = do
dA-cos6-dQ
where

dA is the area of a section of that beam containing the
6 is the angle between the normal to

Symbol: L

Sl unit: W-m=2.sr~1

[IEV 845-01-34, modified]

NOTE This definition is a sim{lifiechversion of IEV

-34, syfficient for the purpose of this Part 1. In cases of

3.70

radiant energy
time integral of t ad given duration At

Q= IN @dt

[IEV 845,04-

Symbol: Q
Sl unit: joule

3.7

radiant exposure

at a point on a surface, the radiant energy incident on an element of a surface divided by the
area of that element

H:j—iszdt

Symbol: H
S| unit: joule per square metre (J-m—2)

Documents

Document Sharing Hub

Full document details: IEC 60825-12007


http://www.avadocuments.com/doc/iec-60825-1-2007
http://www.avadocuments.com/doc/iec-60825-1-2007

- 20 - 60825-1 © IEC:2007

3.72

radiant power

radiant flux

power emitted, transferred, or received in the form of radiation

o =99
dt

[IEV 845-01-24]

Symbol: @, P
S| unit: watt (W)

3.73
reflectance
ratio of the reflected radiant power to the incident radiant power in t

[[EV 845-04-58, modified]

Symbol: p
Sl unit: 1

3.74
remote interlock connector

3.75
safety interlock

3.76
scanning laser rad
laser radiation h
a stationary fr

6cedures or adjustments described in the manufacturer's service

instructions, wf affect any aspect of the product's performance

It does not include maintenance or operation.

3.78
service panel
access panel that is designed to be removed or displaced for service

3.79
single fault condition
any single fault that might occur in a product and the direct consequences of that fault

3.80
small source
source with an angular subtense a less than, or equal to, the minimum angular subtense omin
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3.81

specular reflection

reflection from a surface that can be considered a beam (see 3.11), including reflections from
mirrored surfaces

NOTE This definition is intended to recognise that some reflecting surfaces, such as parabolic reflectors, may
increase the hazard from an incident beam, or at least leave it unchanged.

3.82

thermal hazard limit

either an MPE or AEL which was derived to protect persons against adverse thermal effects,
as opposed to photochemical injury

3.83
time base
emission duration to be considered for classification of laser produc

3.84

tool

denotes a screwdriver, hexagonal key or other object w e operate a screw
or similar fixing means

3.85

transmittance

ratio of the transmitted radiant flux to the de én conditions

[[EV 845-04-59, modified]

Symbol: 1
Sl unit: 1

logarithm to base tex he transmittance 1

[IEV 845-04-66]

D =-logqp
Symbol:

3.87
visible radiation (light)
any optical radiation capable of causing a visual sensation directly

[IEV 845-01-03]

NOTE In this Part 1, this is taken to mean electromagnetic radiation for which the wavelengths of the mono-
chromatic components lie between 400 nm and 700 nm.

3.88
workpiece
an object intended for processing by laser radiation
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4 Engineering specifications

4.1 General remarks

Laser products require certain built-in safety features, depending on the class to which they
have been assigned by the manufacturer. The requirements for these are given in 4.2 to 4.12.
The manufacturer shall ensure that the personnel responsible for the classification of laser
products and systems have received training to an appropriate level that allows them to
understand the full implications of the classification scheme.

¢ Modification

organization performing any such modification is responsible for ex
and relabelling of the laser product.

4.2 Protective housing
4.21 General

Each laser product shall have a protective housing wkigh, w impface, prevents human
access to laser radiation (including err i ess of the AEL for Class 1,

ss 4-(for instes
protective housing must wi %
conditions (see 9.1), intervention. If the protective housing is of a size that

permits human entry,
Maintenance of s )ser products shall not permit human access to
levels of laser r 4. Maintenance of Class 3B laser products shall
not permit human radiation of Class 4.

4.2.2 Service

Any parts of the howu or apngfosure of a laser product (including embedded laser products)
that ca placed for service and which would allow access to laser radiation
in excess [Nassigned and are not interlocked (see 4.3) shall be secured in such a

way that removal or displacement of the parts requires the use of a tool or tools.

4.2.3 Removable laser system
If a laser system can be removed from its protective housing or enclosure and operated

without modification, the laser system shall comply with the manufacturing requirements of
Clauses 4 and 5 that are appropriate to its class.

4.3 Access panels and safety interlocks

4.3.1 A safety interlock shall be provided for access panels of protective housings when both
of the following conditions are met:
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a) the access panel is intended to be removed or displaced during maintenance or operation, and

b) the removal of the panel gives access to laser radiation levels designated by "X" in
Table 1 below.

Table 1 below indicates (X) the applicability of a safety interlock.

Table 1 — Requirements for safety interlocking

Product class Accessible emission during or after removal of access panel

1, 1M 2,2M 3R 3B 4

1, 1M - - X X X

2,2M - - X X X

3R - - - X X

3B - - - Xs X

4 - - - X
finerdes

Removal of the panel shall not result in emission through t

eed to be failsafe or redundant.

od, the manufacturer shall also provide
adequate instructions abo 3 ing. It shall not be possible to leave the
override in operation ! 3 is_returned to its normal position. The interlock

shall be clearly OCi ing to 5.9.2. Use of the override shall give rise
to a distinct visi i i er the laser is energized or capacitor banks are
not fully discharged \ ot the access panel is removed or displaced. Visible
warnings shall be gf¢ istk Wwoughprotective eyewear specifically designed or specified
for the wavelength( laser radiation

4.4

Each Crass lassd laser system shall have a remote interlock connector. When the

4.5 Manual reset

Each Class 4 laser system shall incorporate a manual reset to enable resumption of
accessible Class 4 laser radiation emission after interruption of emission caused by the use of
the remote interlock connector or an interruption of longer than 5 s of electrical mains power.

NOTE Manufacturers may include a second interlock connector that does not require active action for starting
emission, but it is not required for a product to have two connectors.
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4.6 Key control

Each Class 3B and Class 4 laser system shall incorporate a key-operated master control.
The key shall be removable and the laser radiation shall not be accessible when the key is
removed.

NOTE In this Part 1 the term "key" includes any other control devices, such as magnetic cards, cipher
combinations, computer passwords, etc.

4.7 Laser radiation emission warning

4.7.1 Each Class 3R laser system in the wavelength range below 400 nm and above 700 nm
and each Class 3B and Class 4 laser system shall satisfy the following.

4.7.2 A warning device shall give an audible or visible signal wheh thg—lase system is

and 2M.

4.8 Beam stop or at

Each Class 3B ﬁj?;g
means of attenu

be capable of preve
or Class 2M as agpl

4.10 Viewing opties

Any viewing optics, viewport or display screen incorporated in a laser product shall provide
sufficient attenuation to prevent human access to laser radiation in excess of the AEL for
Class 1M, and, for any shutter or variable attenuator incorporated in the viewing optics,
viewport or display screen, a means shall be provided to:

a) prevent human access to laser radiation in excess of the AEL for Class 1M when the
shutter is opened or the attenuation varied;

b) prevent opening of the shutter or variation of the attenuator when exposure to laser
radiation in excess of the AEL for Class 1M is possible.
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4.11 Scanning safeguard

Laser products intended to emit scanned radiation and classified on this basis, shall not, as a
result of scan failure or of variation in either scan velocity or amplitude, permit human access
to laser radiation in excess of the AEL for the assigned class, unless exposure of people is
not reasonably foreseeable during the time interval between failure and when the scanning
safeguard reduces emission to levels below the AEL of the class of the product (also see 9.1).

4.12 "Walk-in" access

If a protective housing is equipped with an access panel which provides "walk-in" access
then:

a) means shall be provided so that any person inside the housing can
laser hazard that is equivalent to Class 3B or Class 4;

c) where “walk-in” access during operation is intende

the enclosure of a Class 1, Class 2, or
engineering means.

expected operating co

considered shall includ
— climatic con

— vibration and shg

4.14.1 Non-opti

The requirements of the relevant product safety standard shall be fulfilled during operation
and in the event of a single fault for the following:

— electrical hazards;

— excessive temperature;

— spread of fire from the equipment;
— sound and ultrasonics;

— harmful substances;

— explosion.
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If no provisions are included in the product safety standard, the relevant subclauses of
IEC 61010-1 shall apply.

NOTE Many countries have regulations for the control of harmful substances. Contact the appropriate national
agency for these requirements.

4.14.2 Collateral radiation

The protective housing of laser products will normally protect against the hazards of collateral
radiation (e.g. ultraviolet, visible, infrared radiation). However, if a concern exists that
accessible collateral radiation might be hazardous, the laser MPE values may be applied to
conservatively evaluate this hazard.

5 Labelling

5.1 General

9,
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Symbol and border: black

Background: yellow
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a g, o D, D, d
25 0,5 1005 7 3,5 0,5
50 1 21 14 7 1
100 2 42 28 14 2
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400 8 168 112 56 8
600 12\ 36 30 252 168 84 12
The dimensionsP\]\, b)\ D&g1 and\i\arMmended values.

NOTE 1
minimum
respectively:
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and border may be o
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Figure 1 — Warning label — Hazard symbol

WM greatest distance L from which the label can be understood and the

ensioks are recommended values. As long as they are proportional to the values, the symbol
ny Jeégible size as required to suit the size of the laser product.
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Legend and border: black
Background: yellow Space for legend

o

~

93

92
g1

EC

in millimetres

ens
axbhb g1 g g3 r \M\\wnWelght of lettering

26 x 52 1 4 4
52 x 105 1,6 5 5 2
84 x 148 2 6
100 x 250 2,5 8 G
140 x 200 2,5 10 2 Lettering shall be of a size
140 x 250 2,5 10 5 which renders it legible
140 x 400 3 10 6
200 x 250 3 12 6
200 x 400 3
250 x 400 4 15

N
The dimension g4 is recomrfn

d values. The label may be of any size necessary to contain the
inimum width of each border dimension go and g3 must be 0,06 times the

Except as permitted in Clause 1, each Class 1 laser product shall have affixed an explanatory
label (Figure 2) bearing the words:

CLASS 1 LASER PRODUCT

Each Class 1M laser product shall have affixed an explanatory label (Figure 2) bearing the
words:

LASER RADIATION
DO NOT VIEW DIRECTLY WITH OPTICAL INSTRUMENTS
CLASS 1M LASER PRODUCT

Instead of the above labels, at the discretion of the manufacturer, the same statements may
be included in the information for the user.
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The type of optical instrument which could result in an increased hazard may be added in
parenthesis after the word "instruments” on the Class 1M label. The added wording could in
particular be "(BINOCULARS OR TELESCOPES)" for a laser product with a collimated, large-
diameter beam, which is classified 1M because it fails condition 1 (see Clause 9), or
"(MAGNIFIERS)" for a laser product which is classified 1M because it fails condition 2 (see
Clause 9) (highly diverging beam).

Alternatively, the second line of the Class 1M label could read “DO NOT EXPOSE USERS OF
BINOCULARS OR TELESCOPES”

If the accessible emission exceeds the AEL of Class 3B as determined with a 3,5 mm
diameter aperture placed at the closest point of human access, an additio arning is to be
given on a product label and in the information for the user:

SKIN EXPOSURE NEAR APERTURE MAY CAUSE

NOTE Only applies if condition 2 is used to determine the AEL.

5.3 Class 2 and Class 2M

Each Class 2 laser product shall have affixed a wa
label (Figure 2) bearing the words:

and an explanatory

could result in an increased hazard may be added in
ents". The added wording could in particular be "(BINO-
or a laser product with a collimated, large-diameter beam

diverging bea

Alternatively, the secofd line of the Class 2M label could read “DO NOT EXPOSE USERS OF
BINOCULARS OR TELESCOPES”

If the accessible emission exceeds the AEL of Class 3B as determined with a 3,5 mm
diameter aperture placed at the closest point of human access, an additional warning is to be
given on a product label and in the information for the user:

SKIN EXPOSURE NEAR APERTURE MAY CAUSE BURNS
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NOTE Only applies if condition 2 is used to determine the AEL.

5.4 Class 3R

Each Class 3R laser product shall have affixed a warning label (Figure 1) and an explanatory
label (Figure 2) bearing the words:

LASER RADIATION
AVOID DIRECT EYE EXPOSURE
CLASS 3R LASER PRODUCT

NOTE Labels using AVOID EXPOSURE TO BEAM in the second line would also be acceptable.

5.5 Class 3B

Each Class 3B laser product shall have affixed a warning label (Fi d an explanatory
label (Figure 2) bearing the words:

LASER RADIATION
AVOID EXPOSURE TO B
CLASS 3B LASER PROB

5.6 Class 4

Each Class 3R,
aperture through
The label(s) sfs

4Maser product shall have affixed a label close to each
n in excess of the AEL for Class 1 or Class 2 is emitted.
LASER APERTURE

or
APERTURE FOR LASER RADIATION
or

AVOID EXPOSURE — LASER RADIATION IS
EMITTED FROM THIS APERTURE

5.8 Radiation output and standards information

The name and publication date of the standard to which the product was classified shall be
included on the explanatory label or elsewhere in close proximity on the product. Each laser
product, except those of Class 1, shall be described on the explanatory label (Figure 2) by a
statement of the maximum output of laser radiation (see definition 3.55), the pulse duration (if
appropriate) and the emitted wavelength(s). For Class 1 and Class 1M, instead of the labels
on the product, the information may be contained in the information for the user.
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5.9 Labels for access panels
5.9.1 Labels for panels

Each connection, each panel of a protective housing, and each access panel of a protective
enclosure which, when removed or displaced permits human access to laser radiation in
excess of the AEL for Class 1, shall have affixed labels bearing the words (for the case of
an embedded Class 1M laser, the statement instead may be included in the information for
the user):

a)
CAUTION — CLASS 1M LASER RADIATION WHEN OPEN
DO NOT VIEW DIRECTLY WITH OPTICAL INSTRUMEN

f radiation

— CLASS 3B LASER RADIATION WHEN OPEN
AVOID EXPOSURE TO THE BEAM

if the accessible radiation does not exceed the AEL for Class 3B;
f)
CAUTION — CLASS 4 LASER RADIATION WHEN OPEN

AVOID EYE OR SKIN EXPOSURE TO
DIRECT OR SCATTERED RADIATION

if the accessible radiation exceeds the limits for Class 3B.

This information may be provided in more than one adjacent label on the product.
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5.9.2 Labels for safety interlocked panels

Appropriate labels shall be clearly associated with each safety interlock which may be readily
overridden and which would then permit human access to laser radiation in excess of the AEL
of Class 1. Such labels shall be visible prior to and during interlock override and be in close
proximity to the opening created by the removal of the protective housing. This label shall
bear the words specified in items a) to f) of 5.9.1, as applicable, with the introduction of an
additional line, positioned after the first line, with the following words:

AND INTERLOCKS DEFEATED

5.10 Warning for invisible laser radiation

In many cases, the wording prescribed for labels in Clause 5 includgs™he-phrase "LASER

6.1 Informati

Manufacturers of lag
an operation ma
of the manufact

elevant safety information. It remains the responsibility
afety information indicated below and to decide which
and, therefore, shall be provided.

The following information shall be provided:

a) Adequate instructions for proper assembly, maintenance, and safe use, including clear
warnings concerning precautions to avoid possible exposure to hazardous laser radiation
and description of the classification limitations, if appropriate (see Annex C for a
description of the classes and possible limitations).
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b) An additional warning for Class 1M and 2M laser products. For diverging beams, this
warning shall state that viewing the laser output with certain optical instruments (for
example, eye loupes, magnifiers and microscopes) within a distance of 100 mm may pose
an eye hazard. For collimated beams, this warning shall state that viewing the laser output
with certain optical instruments designed for use at a distance (for example, telescopes
and binoculars) may pose an eye hazard.

c) For laser radiation levels above the AEL of Class 1, a description of any radiation
pattern(s) emitted from the protective housing during the performance of operation and
maintenance procedures. Where applicable, this shall include a statement in appropriate
units of:

= wavelength,

= beam divergence,
= pulse duration and repetition rate (or description of irregular p
= maximum power or energy output.

The values shall, where appropriate, include cumulative
any expected increase in the measured quantities at any.i

d) For embedded laser products and inca , information to
describe the incorporated lase i also include

emission levels in exces és is possible during maintenance. In
this case the manufaCturer g i g that intrabeam viewing of the laser
shall be prevented,

e) Where appropriat apphicable MPE and NOHD for Class 3B and Class 4
laser produ@ e pends on the beam delivery system and optical
elements pl this is considered as relevant, it is recommended that
the different ivén for the different attachments or beam delivery
systems. If a am divergence, the NOHD could be given for some
selected value i —When an MPE and NOHD value is stated, the assumed
exposure ion\for the determination of these values shall also be stated. For
colli Ia s 1Mand Class 2M lasers, the extended NOHD (ENOHD) shall be
statéd te and relevant.

on the NOHD is typically not required for collimated beams that are to be used

indoors. In th case, It is usually sufficient to give only an indication of the extent of the range where the MPE

can be exceeded.

f)  Where appropriate, information for the selection of eye protection. This shall include the
required optical density as well as irradiance or radiation exposure levels that might be
incident on the surface of the eye protection equipment, so that resistance levels can be
determined.

NOTE Many countries have regulations and standards for personal protective equipment. Contact the
appropriate national agency for these requirements.
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g) Legible reproductions (colour optional) of all required labels and hazard warnings to be affixed
to the laser product or provided with the laser product. The corresponding position of each
label affixed to the product shall be indicated or, if provided with the product, a statement
that such labels could not be affixed to the product but were supplied with the product and
a statement of the form and manner in which they were supplied shall be provided.

h) A clear indication in the manual of all locations of laser apertures through which laser
radiation exceeding the Class 1 AEL is emitted.

i) List of controls, adjustments and procedures for operation and maintenance, including the
warning "Caution — Use of controls or adjustments or performance of procedures other
than those specified herein may result in hazardous radiation exposure" (or alternatively,
equivalent appropriate warnings).

i) In the case of laser products that do not incorporate the laser energy~§ ecessary for
laser emission, a statement of the compatibility requirements for a\laser(ehergy\source to
ensure safety.

6.2 Purchasing and servicing information

— a schedule of

— a list of these
the manu

7 Additional requirements for specific laser products

7.1  Other parts of the standard series IEC 60825

For specific applications, one or other of the following IEC 60825 series may be applicable
(see also Bibliography).

— |EC 60825-2, Safety of optical fibre communication systems (provides application notes
and examples)
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— |EC 60825-4, Laser guards (provides design and construction information for laser guards
and materials especially where high power lasers are used)

— |IEC 60825-12, Safety of free space optical communication systems used for transmission
of information.

Further information may be found in:

— |IEC/TR 60825-3, Guidance for laser displays and shows

— IEC/TR 60825-5, Manufacturer’s checklist for IEC 60825-1 (suitable for use in a safety
report)

— |IEC/TR 60825-8, Guidelines for the safe use of laser beams on humans

— |IEC/TR 60825-9, Compilation of maximum permissible exposure tg
radiation (broadband sources)

oherent optical

— IEC/TR 60825-10, Application guidelines and explanatory notes {0
— |IEC/TR 60825-13, Measurements for classification of laser pra
— |IEC/TR 60825-14, A user’s guide

7.2 Medical laser products

7.4 Electric t@

Electric toys thatva

7.5

Consume laser products shall comply with applicable
requirem S ducts of their class. In addition, these products may be subject to
one of the fo ing standards: IEC 60950 (IT equipment), IEC 60065 (AV equipment).

8 Classification

8.1 Introduction

Because of the wide ranges possible for the wavelength, energy content and pulse
characteristics of a laser beam, the potential hazards arising in its use vary widely. It is
impossible to regard lasers as a single group to which common safety limits can apply.
Annex C describes the hazards associated with the classes and possible limitations (e.g. as
may arise from optically aided viewing) in more detail.
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8.2 Classification responsibilities

It is the responsibility of the manufacturer or his agent to provide correct classification of a
laser product (however, see 4.1).

The product shall be classified on the basis of that combination of output power(s) and
wavelength(s) of the accessible laser radiation over the full range of capability during
operation at any time after manufacture which results in its allocation to the highest
appropriate class.

A laser product can only be assigned to a particular class when it has met all of the
requirements within this Part 1 for that class, for example engineering co s, labelling and
information for the user.

8.3 Classification rules

For the purpose of classification rules, the following ranking 3 increasing
order of hazard) shall be used: Class 1, Class 1M, Class v , Class 3B,
Class 4.

NOTE For classification of a laser product as Class 1M or 2M,the us apertuce specified as condition 3
limits the amount of radiation that is collected from large diam ighlk diverging bgams. For example, when
measured under the applicable conditions, Class 1M and Class ave higher measured total
energy or power than Class 2 or Class 3R. For such laser p of 1M or 2M is appropriate.
The accessible emission limits (AELs\for ass 2 and 2M, Class 3R and
Class 3B are given in Tables 4 to 9. The S ection factors used are given in
Table 10 as functions of wavelengt ion, number of pulses and angular
subtense.

A single wavelen

enough so that th
radiation, @
lower classes b0t A4

a_spectral range of the emission line narrow
assigned to a class when the accessible laser
appropriate to that class, exceeds the AEL of all
at of the class assigned.

1) A las g two or more wavelengths in spectral regions shown as
additive in gned to a class when the sum of the ratios of the accessible
g8 asured under the conditions appropriate to that class) to the AELs
ofkthose\w engtls is greater than unity for all lower classes but does not exceed

2) A laser preduct emitting two or more wavelengths not shown as additive in Table 2 is
assigned to a class when the accessible laser radiation, measured under the
conditions appropriate to that class, exceeds the AELs of all lower classes for at least
one wavelength but does not exceed the AEL for the class assigned for any
wavelength.
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Table 2 — Additivity of effects on eye and skin of radiation
of different spectral regions

Spectral UV-C and UV-B UV-A Visible and IR-A IR-B and IR-C
region?@ 180 nm to 315 nm 315 nm to 400 nm 400 nm to 1 400 nm 1 400 nm to 10% nm
UV-C and UV-B o
180 nm to 315 nm S
UV-A o o
315 nm to 400 nm S S S
Visible and IR-A ob
400 nm to S S S
1400 nm
IR-B and IR-C o o
1 400 nm to 108 nm s s s
Eye N
s Skin /\
a  For definitions of spectral regions, see Table D.1.
b Where AELs and ocular MPEs are being evaluated for time bases or exfosure tions o\l s oy longer,
then the additive photochemical effects (400 nm to 600 nm) and the additive ther effects 0 nm to
1400 nm) shall be assessed independently and the most restrictivg va e

N\

c) Radiation from extended sources

NOTE 1 sUibtense of the source is greater than
Omin,» Where i = 1,5 mrad Most laser sourges h o less than o,,,, and appear as an
apparent “ ithin the—beam (intra-beam viewing). Indeed a
circular laser beam cannot be collimated tg a dlverge eNess than 1,5 mrad if it is an extended source, thus
any laser where a beam divergence of 1,5 cannot be treated as an extended source
NOTE 2 For retinal therma 2 vatua o 1 40Q nm), the AELs for extended sources vary directly
with the angular subtense ® . tirel photdchemical hazard evaluation (400 nm to 600 nm),
for exposures greater \ directly with the angular subtense of the source.
Depending on the emisgsi S a-limiting angle of acceptance Yph of 11 mrad or more is used
for measurement i iqiting, acceptance angle Yph to the angular subtense a of the
apparent sourcnfl ence thé measured v

NOTE 3 For thende 1, a simplified Table 4 is provided for the AEL of Class 1
and 1M.

For sources s e less than or equal to ami,, the AEL and MPE are

independéntaf t ubtense of the apparent source a.

For cla er\produtts at the most restrictive position where condition 1 applies
(see™9 magnification of the angular subtense o of the apparent source may be
applied 6, 1.6. Cg =7 x o/ omin. The expression (7 x a) shall be limited to

Omax prior to
T, of Table 10.

NOTE For cases where oo < 1,5 mrad but 7 x o > 1,5 mrad, the limits for a > 1,5 mrad of Table 5 and 8 apply.

e C3

Iculation of Cg. The 7x value of o shall be used for the determination of

d) Non-uniform retinal image irradiance profile, non-circular and multiple sources
For comparison with the thermal retinal limits, if:
the wavelength range is from 400 nm to 1 400 nm; and
the AEL depends on Cg
then if:
the retinal image does not have a uniform irradiance profile®; or

the retinal image profile consists of multiple points,

* For a Gaussian retinal irradiance profile (as produced by a TEMy, beam), the angular subtense can be
determined with the dg3 diameter criterion and an analysis of partial areas is not necessary. Documents
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then measurements or evaluations shall be made for each of the following scenarios:
for every single point; and
for various assemblies of points; and
for partial areas.

This is necessary in order to ensure that the AEL is not exceeded for each possible angle
o subtended in each scenario. For the evaluation of assemblies of points or for partial
areas, the angle of acceptance v is to be varied between oy, and o4y i.€. Opip < ¥ <
Omax: to determine the partial accessible emission associated with the respective
scenario. For the comparison of these partial accessible emission levels with the
respective AEL, the value of a is set equal to y.

Classification is to be based on the case where the ratio between:

the partial accessible emission within a partial area over the ense o of
that area; and
the corresponding AEL
is @ maximum.
The angular subtense of a rectangular or linear sours y the arithmetic
mean value of the two angular dimensions of the so dimension that is
greater than oyax Or less than o, shall be limjited Omindrespectively, prior to

the angular subtense of
of acceptance specified in

emission has to be determined 5 apparent source which produces the
maximum emission value.

1) 0,25 s for Cla
from 40

3) 30000 ) iation—of all wavelengths less than or equal to 400 nm and for
laserfadiatio ngths greater than 400 nm where intentional long-term viewing

determining the classification of a product. This means that the emission level of a single
pulse must be.compared to the AEL applicable to the duration of the pulse, etc. It is not
sufficient to only average the emission level for the duration of the classification time
base, or to merely perform the evaluation for the value of the time base without
considering shorter emission durations.

NOTE For a multi wavelength emission laser product with emission in the visible and in the non-visible part of
the spectrum, where the emission is assessed as additive (see Table 2), and where the visible part on its own
would be classified as Class 2 or 2M or 3R and the non-visible part on its own would be classified as Class 1

or Class 1M, the time base for the assessment of the added emission may be 0,25 s even for the non-visible
part.

f) Repetitively pulsed or modulated lasers

The following methods shall be used to determine the class of the laser product to be
applied to repetitive pulsed or modulated emissions.
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For all wavelengths requirements, 1) and 2) shall be assessed. In addition, for
wavelengths from 400 nm to 10% nm, requirement 3) shall also be assessed for
comparison with thermal limits. Requirement 3) does not need to be assessed for
comparison with photochemical limits.

The class (see Tables 4 to 9) is determined by applying the most restrictive of 1), 2) and,
where applicable, 3).

1) The exposure from any single pulse within a pulse train shall not exceed the AEL for a
single pulse.

2) The average power for a pulse train of emission duration T AEL; shall not exceed the
power corresponding to the AEL for a single pulse of duration T.

NOTE For comparison with AEL
AEL

or AEL AELT should be divided—by N and is termed

single s.p.train

s.p.T-

3) a) For constant pulse energy and pulse duration:
The energy per pulse shall not exceed the AEL for a sind slied>by the
correction factor Cs.

AELs,p, train = AELgjngle X C

where
AELs,p, train
AELsingIe
N
, (see Table 10) or the applicable
wavelengths greater than 1 400 nm,
cQngidered is 10 s
C5 = N—0,25
Cs [ dual pulse duration shorter than 0,25 s
If multiple; BS\If W|t'n the period of T; (see Table 3), they are counted as a

single pulse he energies of the individual pulses are added to be
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Table 3 — Times below which pulse groups are summed

Wavelength i
nm s
400 <A <1050 18 x 10-6
1050 <A <1400 50 x 10-6
1400 <A <1500 10-3
1500 <A <1800 10
1800 <A <2600 10-3
2600 <A <106 10-7

b) For varying pulse widths or varying pulse intervals:

pulse durations of T;. If two or more pulses occur Wi
groups are assigned pulse durations of T;. F

9.1 Tests

Tests shall take into account all ernors uncertainties in the measurement
process (see IEC 61040) anhd increasges i d degradation in radiation safety with
age. Specific user requirexyents im ditigndl tests.

Tests during operatio
during operatio i
requirements for

be made under ea

NOTE 2 For exa
the fault condition; how

ple, a scanning safeguard may not react fast enough to prevent emission above the AEL during
evet, this might be acceptable for products where exposure of people is unlikely.

NOTE 3 Acceptable modes of analysis of the probability and risk regarding failures are FMEA (failure mode and
effect analysis), etc (see for instance IEC 61508). Probability analysis may be used to assist in determining
"reasonably foreseeable single fault conditions".

NOTE 4 Classification is determined during operation, and restrictions on maintenance are then dependent upon
the classification of the product.
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When assessing the suitability of protective housings for the prevention of human access to a
level of energy that is equivalent to Class 4, single fault events for all reasonably foreseeable
changes of direction of the beam must be considered. The analysis shall include whether the
single fault event will result in sufficient energy to degrade or destroy the protective housing.
For example, when during operation or single fault condition, the introduction of robotics or
other beam manipulation mechanisms, or the use of optics or workpieces would result in
energy being directed onto the surface of the protective housing, one of the following shall
occur:

— the single fault shall be eliminated by engineering means; or

— the housing material shall withstand the energy without degradation of its protective
properties sufficient to allow a hazardous exposure to laser energy; or

— the fault shall be detected and emission of laser radiation through
shall be prevented before degradation can occur.

Optical amplifiers shall be classified ys
energy, which may include maximum rg

NOTE In those cases where there

Measurement o
accordance with 9, : unnecessary when the physical characteristics and
limitations of the 2 the laser product or laser installation clearly in a

ich maximize the accessible emission levels, including start-
shut-down of the laser product.

b) With all“sqntrols \and\gettings listed in the operation, maintenance and service instructions
adjusted in~combination to result in the maximum accessible level of radiation.
Measurements ~afe also required with the use of accessories that may increase the
radiation hazard (for example, collimating optics) which are supplied or offered by the
manufacturer for use with the product.

NOTE This includes any configuration of the product which it is possible to attain without using tools or
defeating an interlock, including configurations and settings against which the operation and maintenance
instructions contain warnings. For example, when optical elements such as filters, diffusers or lenses in the
optical path of the laser beam can be removed without tools, the product must be tested in the configuration
which results in the highest hazard level. The instruction by the manufacturer not to remove the optical
elements cannot justify classification as a lower class. Classification is based on the engineering design of the
product and cannot be based on appropriate behaviour of the user.
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c) For a laser product other than a laser system, with the laser coupled to that type of laser
energy source which is specified as compatible by the laser product manufacturer and
which produces the maximum emission of accessible radiation from the product.

d) At points in space to which human access is possible during operation for measurement of
accessible emission levels (for example, if operation may require removal of portions of
the protective housing and defeat of safety interlocks, measurements shall be made at
points accessible in that product configuration).

e) With the measuring instrument detector so positioned and so oriented with respect to the
laser product as to result in the maximum detection of radiation by the instrument.

f) Appropriate provision shall be made to avoid or to eliminate the contribution of collateral
radiation to the measurement.

g) Class 1 and 1M

Class 1 is applicable to the wavelength range of 180 nm to 1
to the wavelength range of 302,5 nm to 4 000 nm. For d
emission under condition 1, condition 2 and condition 3, se

For wavelengths less than 302,5 nm and greater than 4
is less than the AEL of Class 1 for condition 3,
Class 1.

For wavelengths between 302,5 nm and 4 00

If the radiation level is:

— greater than th
— less than the A
— less than y

NOTE 1 Typicaly,

condition

NOTE

optic&l instry

If the ac misSion exceeds the value given in Table 9 for the AEL of Class 3B as
determined Wi ,5 mm diameter aperture placed at the closest point of human access,

an additional warhing regarding a potential skin hazard is to be given (see 5.2).

NOTE 3 It is possible that a Class 1M laser product with a highly diverging beam can produce high enough
irradiance levels near to or in contact with the source (for instance a fibre tip) so that skin injury is possible.

h) Class 2 and 2M

Classes 2 and 2M are applicable to the wavelength range of 400 nm to 700 nm. For
determination of the accessible emission under condition 1, condition 2 and condition 3,
see Table 11.

If the accessible emission exceeds the limits as required for Class 1 and for Class 1M
(see item g)), and is:

— less than the AEL of Class 2 for condition 1, and condition 2 and condition 3,
then the laser product is assigned to Class 2.
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If the accessible emission exceeds the limits as required for Class 1 and for Class 1M
(see item g)) and is:

— greater than the AEL of Class 2 for condition 1 or condition 2, and

— less than the AEL of Class 3B for condition 1 and condition 2, and

— less than the AEL of Class 2 for condition 3,

then the laser product is assigned to Class 2M.

NOTE 1 The reason for verifying the AEL of Class 3B is to limit the maximum power passing through an

optical instrument, and to preclude high irradiance levels near to or in contact with diverging sources which
may lead to skin injury.

of Class 2 for either
eds the AEL of Class 2

NOTE 2 Typically, the accessible emission of a Class 2M product exceeds the AE
condition 1 or condition 2. However, it may also be classified as Class 2M when it ex
for both condition 1 and condition 2.

diameter aperture placed at the closest point of human acc
regarding a potential skin hazard is to be given (see 5.3).

NOTE 3 It is possible that a Class 2M laser product with a highly dive |ng beaw S
irradiance levels near to or in contact with the source (for instance, z injury is possible.

i) Class 3R, 3B
If the level of radiation, as determined according . on 1, condition 2 and
condition 3 is less than or equal to the AE gs 3R © g 3B, the laser product
is assigned to Class 3R or Class3B, re o kive also ote below first paragraph
of 8.3.
j) Class 4
If the level of radiation, as determiried accord 3, either for condition 1, or condition
2 or condition 3, exceeds the AEL dduct shall be assigned to Class 4
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