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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF LASER PRODUCTS =

Part 1: Equipment classification, requirements and user's guide

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for st ndardl t|on comprising
to promote

fields. To

entrusted to technical committees; any IEC National Committee intere
participate in this preparatory work. International, governmental and nan-gov 7
with the IEC also participate in this preparation. The IEC collabo 0$€ i g International
Organization for Standardization (ISO) in accordance with conditig armin

two organizations.

international consensus of opinion on the relevant subjects
from all interested National Committees.

3) The documents produced have the form of res ' S i o
of standards, technical specifications, te i : i and

Committees in that sense.

nal se and are published in the form

are accepted by the National

4) In order to promote international unification i 3 i undertake to apply IEC International
Standards transparently to the maximum/ extent po i in\their national and regional standards. Any
divergence between the |IEC Standard and the ional or regional standard shall be clearly

6) Attention is drawn to thg iDility g of the elements of this International Standard may be the subject
of patent rights. |E C i for identifying any or all such patent rights.

International Standa
equipment.

(1997)
76/220/

A vertical line in the margin shows where the base publication has been modified by
amendments 1 and 2.

This* part of IEC 60825 has the status of a Group Safety Publication, in accordance with
IEC Guide 104", for aspects of laser radiation pertaining to human safety.

It is also referred to as "part 1" in this publication.

o [N |
J

A A | Y S o W Al £ £
MTIMNTCACO M\, D, U, U, L, A TTr arc BIVCII TUT IIIIUIIIIGI.IUII Ullly

IEC Guide 104:1984, Guide to the drafting of safety standards, and the role of Committees with safety pilot
functions and safety group functions.

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 but reference to it is given for information only.
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The committee has decided that the contents of this publication will remain unchanged
until 2003. At this date, the publication will be

* reconfirmed;
* withdrawn;

* replaced by a revised edition, or
* amended.

The contents of the corrigendum of June 2002 have been included in this copy.

@%
&
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SAFETY OF LASER PRODUCTS -

Part 1: Equipment classification, requirements and user's guide

Section One — General

1 Scope and object

1.1 Scope

IEC 60825-1 is applicable to safety of laser products. For conveniencg ed into three
separate sections: Section One (General) and the annexes; Se ufacturing
requirements); and Section Three (User's guide™ ).

incorporate one or more lasers in a complex optical,
Typically, laser products are used for demonstration o

ded Whenever the word "laser" is used.

See also annex G which describes inf hould be provided by manufacturers

of LEDs.

Any laser product or L i rom ajl further requirements of this part 1 if

— classification by the
level does n
service and falu

— it does not contaln asSér or embedded LED.

ing to clauses 3, 8 and 9 shows that the emission
under all conditions of operation, maintenance,

safety standard (&xg< for medical equipment (IEC 60601-2-22) IT equipment (IEC 60950),
audio and video equipment (IEC 60065), equipment for use in hazardous atmospheres), this
part 1-will apply in accordance with the provisions of IEC Guide 104", for hazards resulting
from laser radiation.

However, if the laser system is operable when removed from the equipment, all the
requirements of this part 1 will apply to the removed unit.

If no product safety standard is applicable, then IEC 61010-1 shall apply.

Some countries have requirements which differ from Section Three of this part 1. Therefore, contact the
appropriate national agency for these requirements.

*k

IEC Guide 104:1984, Guide to the drafting of safety standards, and the role of Committees with safety pilot
functions and safety group functions.

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 but reference to it is given for information only.
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The MPE (maximum permissible exposure) values of this part 1 were developed for laser
radiation and do not apply to collateral radiation.

However, if a concern exists that accessible collateral radiation might be hazardous, the laser
MPE values may be applied to conservatively evaluate this risk.

The MPE values shall not be applicable to patient exposure to laser radiation for the purpose
of medical treatment.

NOTE Annexes A to D have been included for purposes of general guidance and to illustrate many typical cases.
However, the annexes must not be regarded as definitive or exhaustive and reference should always be made to
the appropriate clause(s) in Sections One to Three.

1.2 Object

1.2.1 To protect persons from laser radiation in the wavelength range

The following n ti
constitute provis ;

applying the
references,
and ISO

the normative documents indicated below. For undated
he normative document referred to applies. Members of IEC
cdrrently valid International Standards.

mbols to be used in electrical technology — Part 1: General

Q

IEC 60050(845):19

IEC 60601-2-22:1995, Medical electrical equipment — Part 2: Particular requirements for the
safety.of diagnostic and therapeutic laser equipment

International Electrotechnical Vocabulary (IEV) — Chapter 845: Lighting

IEC.60825-2:2000, Safety of laser products — Part 2: Safety of optical fibre communication
systems

IEC 61010-1:2001, Safety requirements for electrical equipment for measurement, control and
laboratory use — Part 1: General requirements

IEC 61040:1990, Power and energy measuring detectors, instruments and equipment for laser

radiation

ISO 1000:1992, SI units and recommendations for the use of their multiples and of certain
other units

* In this part 1, the wavelength range A to A, means Ay < A <A, (e.g. 180 nm to 1 mm means 180 nm < A < 1 mm).
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3 Definitions”
For the purposes of this part of IEC 60825, the following definitions apply.

31

access panel
a part of the protective housing or enclosure which provides access to laser radiation when
removed or displaced.

3.2
accessible emission limit (AEL)
the maximum accessible emission level permitted within a particular class

3.3
administrative control

3.4

alignment laser product
the laser product designed, manufactured, intend
following uses:

a) determining and delineating the forx
angular measurements;

int, body or area by taking

3.5
alpha min. (a nin)
see angular subtense (

3.6
angle of acceptanc:
plane angle withj
radians. This
of the detectd

ill respond to optical radiation, usually measured in
ay be controlled by apertures or optical elements in front
he angle of acceptance is also sometimes referred to as the

NOTE Angle of actep e for evaluating photochemical hazards. For evaluation of the photochemical hazard, a
limiting measurement angfe of acceptance, y,, is specified. The angle y, is biologically related to eye movements
and is not 'dependent upon the angular subtense of the source. If the angular subtense of the source is smaller
than the-limiting angle of acceptance, the actual measurement angle of acceptance does not have to be limited. If
the angular subtense of the source is larger than the specified limiting angle of acceptance, the angle
of aceeptance has to be limited and the source has to be scanned for hotspots. If the measurement angle of
acceptance is not limited to the specified level, the hazard may be over-estimated.

Symbol: y,

Arranged here for convenience in English alphabetical order. Departures from IEC 60050(845) are intentional
and are indicated. Reference is made to the definition number in Chapter 845 of IEC 60050.
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3.7

angular subtense (a)

angle subtended by an apparent source as viewed at a point in space. In this standard, for
classification, the angular subtense is determined at a point not less than 100 mm from the

annarant caotreca (ar at tha avit vwindaow ar lanc Af tha neadiict if tha annarant conirnn 1o Innatad

TP PO et oo O oo oot tH o~ CXtT— v ooy O To T o Ot o pTroTo ot oo ppar ot ooouTr oo Toootct

at a distance greater than 100 mm within the window or lens). (See also 3.53 and 3.57.) For
an analysis of the maximum permissible exposure levels, the angular subtense shall be
determined at the viewing distance from the apparent source but not less than 100 mm. This
concept is also discussed in clause A.3 of annex A

NOTE 1 The angular subtense of an apparent source is applicable in this part 1 only in the wavelength range
from 400 nm to 1 400 nm, the retinal hazard region.

NOTE 2 The angular subtense of the source should not be confused with the divergence of-the beam.

3.8
aperture, aperture stop

3.9
apparent source
the real or virtual object that forms the

NOTE This definition is used to determine the gcatien the s igin/ of laser radiation in the wavelength
range of 400 nm to 1 400 nm, with the assumption of\th = being located in the eye's range of
accommodation (=100 mm). In the limit of vanishi i >-i.e\in the case of an ideally collimated beam, the
location of the apparent source goes to infinity.

3.10
beam D
laser radiation th y

fications. Scattered

3.11

a device

3.12

the beam\diameter d, at a point in space is the diameter of the smallest circle which contains
u % ofthe total laser power (or energy). For the purpose of this standard dg3 is used

NQTE./In the case of a Gaussian beam, dg corresponds to the point where the irradiance (radiant exposure) falls
te~1/e of its central peak value.

3.13
beam divergence
the beam divergence is the far field plane angle of the cone defined by the beam diameter.

If the beam diameters (see 3.10) at two points separated by a distance r are dg3 and d'g3 the
divergence is given by:

¢ = 2 arctan Ed%Zr 63 E

Sl unit: radian
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3.14

beam expander
a combination of optical elements which will increase the diameter of a laser beam

3.15

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

3.16
beam stop
a device which terminates a laser beam path

3.17

Class 1 laser product

any laser product which does not permit human access to las€ xcess of
the accessible emission limits of Class 1 for applicable wavelepgths sioh, ddrations

(see 8.2 and 8.4e¢))

3.18

Class 1M laser product

any laser product in the wavelength range from 302
human access to laser radiation in excess of the a

hich does not permit
limits of Class 1 for

instrument (see 8.2)

3.19
Class 2 laser product
any laser product whi
accessible emission_li
8.2 and 8.4e))

3.20

output of a Class
instrument

3.21

Class 3R and Class 3B laser products

any laser product which 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 (respect-
ively) for any emission duration and wavelength (see 8.2)

3.22

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)
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3.23

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

3.24
collimated beam
a "parallel" beam of radiation with very small angular divergence or convergence

3.25

continuous wave (CW)
the output of a laser which is operated in a continuous rather than pulsed pao
a laser operating with a continuous output for a period equal to or gré
regarded as a CW laser

. In this\part 1,
than(0,25 s is

S

3.26
defined beam path
an intended path of a laser beam within the laser product

3.27

demonstration laser product

any laser product designed, manufactured, i
stration, entertainment, advertising, digplay ora

purposes of demon-
The term "demonstration

3.28
diffuse reflection

incident and emergent

NOTE This definiti@

3.30
emission‘duration

the 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. For 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

3.31

———erranttaserradiation

laser radiation which deviates from a defined beam path. Such radiation includes unwanted
secondary reflections from beam path components, deviant radiation from misaligned or
damaged components, and reflections from a workpiece
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3.32

exposure time

the duration of a pulse, or series, or train of pulses or of continuous emission of laser
radiation incident upon the human body. For 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

$ HH !
o amTTy pPutotT

3.33

extended source viewing

the viewing conditions whereby the apparent source at a distance of 100 mm or morge
subtends an angle at the eye greater than the limiting angular subtense (apin)

Two extended source conditions are considered in this standard when considering ¢étinal
thermal injury hazards: intermediate source and large source, which are/GSeqd to distinguish
sources with angular subtenses, a, between anin and amax (intermediate and-'greater
than anax (large sources). (See also 3.79.)

Q

Examples are viewing of some diffuse reflections and of some lase

3.34
fail safe

3.35
fail safe safety interlock

example an interlock which is positivel
cover begins to open, or before a detag

position as soon as a hinged
oved, and which is positively held in

closed position

3.36

human access

a) Capability f
emitted from

integrated radian
the integral of the radiance over a given exposure time expressed as radiant energy per unit
area of @-radiating surface per unit solid angle of emission (usually expressed in Jin=28r-1)

3.38

intrabeam viewing

all viewing conditions whereby the eye is exposed to the direct or specularly reflected laser
beam in contrast to viewing of, for example, diffuse reflections

3.39

irradiance
quotient of the radiant flux d® incident on an element of a surface by the area dA of that
element

do
Symbol: E E=—
dA

S| unit: watt per square metre (Wm=2)
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3.40

laser

any device which can be made to produce or amplify electromagnetic radiation in the
wavelength range from 180 nm to 1 mm primarily by the process of controlled stimulated
emission.

NOTE This definition is different from [EV 845-04-39.

3.41

laser controlled area

an area where the occupancy and activity of those within is subject to control and supervision
for the purpose of protection from radiation hazards

3.42

laser energy source
any device intended for use in conjunction with a laser to supply ene excitation of
electrons, ions or molecules. General energy sources such as gfext Qains or
batteries shall not be considered to constitute laser energy sources

3.43
laser hazard area
see nominal ocular hazard area (3.59)

3.44
laser fibre optic transmission syste
a system consisting of one or more |1a$

3.45

laser product
any product or assembly o
incorporate a laser or las€
a component (or replag

3.46

laser radiation
all electromagnetic
produced as are

3.47
laser safe
one whg i | i i of laser hazards and has

3.48
laser system

a laser\in combination with an appropriate laser energy source with or without additional
incorporated components

3:49
levelling laser product
see alignment laser product (3.4)

2 N

light emitting diode (LED)

any semiconductor p-n junction device which can be made to produce electromagnetic
radiation by radiative recombination in the semiconductor in the wavelength range from
180 nm to 1 mm. (The optical radiation is produced primarily by the process of spontaneous
emission, although some stimulated emission may be present.)
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3.51

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

3.52

maintenance

the 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

3.53
maximum angular subtense (amax)

the value of angular subtense of the apparent source above which the
independent of the source size

and AELSs are

3.54

maximum output

the maximum radiant power, and where applicable the maxim N ¢ r pulse, of
the total accessible laser radiation emitted in any directig \'preduct’over the full

3.55
maximum permissible exposure (MPE)
that level of laser radiation to which, uf

ces persons may be exposed

en

of the retinal image. Maxin p sure/levels are (in the existing state of
knowledge) specified in cfa A ples of the calculations of MPE levels

3.56

medical laser p
any laser produ sl 9 , intended or promoted for purposes of in vivo
diagnostic, surgical, Y K C s radiation of any part of the human body

3.57

minimum a
the value/of ai gnseof the apparent source above which a source is considered an
extended c8. MPEs and AELs are independent of the source size for angular subtenses
less than amp;

3.58

moderlocking

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

3.59
nominal ocular hazard area (NOHA)
the area within which the beam irradiance or radiant exposure exceeds the appropriate

corneal maximum permissible exposure (MPE), including the possibility of accidental
misdirection of the laser beam. If the NOHA includes the possibility of viewing through optical
aids, this is termed the "extended NOHA"
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3.60

nominal ocular hazard distance (NOHD)

the distance at which the beam irradiance or radiant exposure equals the appropriate corneal
maximum permissible exposure (MPE). If the NOHD includes the possibility of optically-aided
viewing, this is termed the "extended NOHD"

3.61

operation

the performance of the laser product over the full range of its intended functions. It does not
include maintenance or service

3.62

photochemical hazard limit
either an MPE or AEL which was derived to protect persons against ad photoechemical
effects (for example, photoretinitis — a photochemical retinal injury fro o radiation
in the wavelength range from 400 nm to 600 nm)

3.63

protective enclosure
a physical means for preventing human exposure to la
necessary for the intended functions of the installation

3 such access is

3.64
protective housing

are designed to prevent human acces
(generally installed by a manufacturer)

3.65

pulse duration

the time increment m
edges of a pulse

3.66 Q

pulsed laser
a laser which defive € ) bhe form of a single pulse or a train of pulses. In this
part 1, the dur

3.67
radiance
quantity defing

do

L=————
dA [cosb [(HQ
where

dad_‘is'the radiant flux transmitted by an elementary beam passing through the given point and
propagating in the solid angle dQ containing the given direction;

dA is the area of a section of that beam containing the given point;
0 is the angle between the normal to that section and the direction of the beam
Symbol: L

Unit: Wimn—28r-1

NOTE This definition is a simplified version of IEV 845-01-34, sufficient for the purpose of this part 1. In cases of
doubt, the IEV definition should be followed.



https://iecnorm.com/api/?name=77cea969a0f41b3274bbe6858125ad80

-18 - 60825-1 © IEC:1993+A1:1997
+A2:2001(E)

3.68

radiant energy

time integral of the radiant flux over a given duration At
(IEV 845-01-27):

Symbot—&Q 14 _JAI Pat

Sl unit: joule (J)

3.69

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

dQ
Symbol: H H=—=| Edt
y o]

S| unit: joule per square metre (Jn—2)

3.70
radiant power; radiant flux
power emitted, transferred, or received in the form of radia

(IEV 845-01-24)
Symbol: @, P ¢ = dQ
dt
S| unit: watt (W)
3.7
reflectance
ratio of the reflected radiant power tQ t ident iant power in the given conditions

(IEV 845-04-58)
Symbol: p
Sl unit: 1

3.72
remote interlock
a connector whi

rlo
an automaticydeyice\ associated with the protective housing of a laser product to prevent
human access to™&lass>3 or Class 4 laser radiation when that portion of the housing is removed

3.74

scanning laser radiation

laserradiation having a time-varying direction, origin or pattern of propagation with respect to
a stationary frame of reference

3.75
service
the performance of those procedures or adjustments described in the manufacturer's service

instructions, which may affect any aspect of the product's performance. It does not include
maintenance or operation

3.76

service connection

an access point in a laser fibre optic transmission system which is designed for service and
requires a tool to disconnect
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3.77
service panel
an access panel that is designed to be removed or displaced for service

3.78

——single fauttcondition

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

3.79
small source
source with an angular subtense a less than, or equal to, the minimum angular subtense anij

3.80

specular reflection
a reflection from a surface which maintains angular correlation betwee ¢ d' reflected
beams of radiation, as with reflections from a mirror

3.81
surveying laser product
see alignment laser product (3.4)

3.82

thermal hazard limit
either an MPE or AEL which was deriv
as opposed to photochemical injury

st adverse thermal effects,

3.83
time base
emission duration to be considered for

3.84

tool

denotes a screwdyiver!
fixing means <>
3.85

transmittance
ratio of the tra

Sl unit: 1

3.86
transmittance (optical) density

logarithm™to base ten of the reciprocal of the Transmittance t
(IEV845-04-66)

Symbol: D D =-logqg T

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

LN OAE N4 N2\
TV OTO~UT-U0)

NOTE In this part 1, this is taken to mean electromagnetic radiation for which the wavelength 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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Section Two — Manufacturing requirements

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 4.10.
The manufacturer shall ensure that the personnel responsible for the classification of laser
products and systems have received training to an appropriate level which allows them(to
understand the full implications of the classification scheme.

411 Modification

If the modification of a previously classified laser product affects a
performance or intended functions within the scope of this
organization performing any such modification is responsible fg
and relabelling of the laser product.

4.2 Protective housing

4.21 General

human access is necessary for the perfo
for guidance on this requirement for hig

4.2.2 Service

Any parts of the housifig or'e 8 poduct (including embedded laser products)
that can be removed or digplac 3 SQIVICE which would allow access to laser radiation
in excess of the 5Si . 1ot ihterlocked (see 4.3) shall be secured in such a
way that remova '

If an embedd S a laser system can be removed from its protective housing or
enclosure~and operateg i /£ modification, the laser shall comply with the manufacturing
requirerdent Ralses 4 and 5 that are appropriate to its class, except for laser products
which are anufacturers for use as components of any system for subsequent

sale which arexot sukject to this standard, since the final product will itself be subject to this

standard.

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:

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 the

tabhla haelow

TS o— o T oYy
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The table below indicates (X) the necessity of a safety interlock.

Accessible emission during or after removal of access panel
Product class

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

T, TV = = X X X
2,2M - - X X X

3R - - - X X

3B - - - X X

4 - - - X X

Removal of the panel shall not result in emission through the opening in excess of Class 1M

or Class 2M as applicable according to the wavelength.

The safety interlock shall be of a design which prevents the re nel until
the accessible emission levels are below the AEL of the Class assig ang, ina , below
the limits specified in 4.3.1b). Inadvertent resetting of the inteptock ‘sha restore
emission values above the AEL of the Class assigned nor above the li )

4.3.2 If a deliberate override mechanism is provided, the anyfagturer shall also provide
adequate instructions about safe methods of working: ible to leave the

override in operation when the access panel is ret > al position. The interlock
shall be clearly assomated with a Iabel conformm ’

c stem shall incorporate a key-operated master control.
The key sha ‘ id the laser radiation shall not be accessible when the key is
‘ i "key" includes any other control devices, such as magnetic

4.6 Laser radiatioh emission warning

4.6.1 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 give an audible or visible warning when it
is switehed on or if capacitor banks of a pulsed laser are being charged or have not positively
discharged. The warning device shall be fail-safe or redundant. Any visible warning device
shall be clearly visible through protective eyewear specifically designed for the wavelength(s)
of the emitted laser radiation. The visible warning device(s) shall be located so that viewing
does not require exposure to laser radiation in excess of the AEL for Class 1M and 2M.

4.6.2 Each operational control and laser aperture that can be separated by 2 metres or more

from a radiation warning device shall itself be provided with a radiation warning device. The
warning device shall be clearly visible or audible to the person in the vicinity of the
operational control or laser aperture.

4.6.3 Where the laser emission may be distributed through more than one output aperture,
then a visible warning device shall clearly indicate the output aperture or apertures through
which laser emission can occur, in accordance with 4.6.1.
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4.7 Beam stop or attenuator

Each Class 3B and Class 4 laser system shall incorporate one or more permanently attached
means of attenuation (beam stop or attenuator, other than a laser energy source switch,
mains connector or key control). The beam stop or attenuator shall be capable of preventing

human access-tolaser radiation in excess of Class 1M or Class 2M as annlicahble
PP T

4.8 Controls

Each laser product shall have controls located so that adjustment and operation do not
require exposure to laser radiation of Class 3R, 3B or Class 4.

4.9 Viewing optics

viewport or display screen, a means shall be provided to:
a) prevent human access to laser radiation in excess o
shutter is opened or the attenuation varied;

b) prevent opening of the shutter or variation of
radiation in excess of the AEL for Class 1M is po

410 Scanning safeguard

to laser radiation in excess of the AEL for t [

4.11 Alignment aids

Where routine majnte
means of achiev@'
412 "Walk-in" agce

If a protective hqusing G ’ an access panel which provides "walk-in" access then:
a) means sh S at any person inside the housing can prevent activation of a

b) a warning d8vice be situated so as to provide adequate warning of emission of
Class 3R I iation in the wavelength range below 400 nm and above 700 nm, or
of Class 3B or Slass 4 laser radiation to any person who might be within the housing.

4.13 (Environmental conditions

The laser product shall meet the safety requirements defined in this standard under all
expected operating conditions appropriate to the intended use of the product. Factors to be
considered shall include:

— climatic conditions (e.g. temperature, relative humidity);
— vibration and shock.

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

NOTE Requirements related to electromagnetic susceptibility are under consideration.
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4.14 Protection against other hazards
4.14.1 Non-optical hazards

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.

If no provisions are included in the product safety standard,
IEC 61010-1 shall apply.

NOTE Many countries have regulations for the control of harmful substance
agency for these requirements.

4.14.2 Collateral radiation

5 Labelling

5.1 General

maintenance or service
be read without iHe
Class 1. Text border

where this colour coy

CLASS 1 LASER PRODUCT

Each Class 1M laser product shall have affixed an explanatory label (figure 15) bearing the
waords:

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

The type of optical instrument which could result in an increased hazard may he added in
parenthesis after the word "instruments". 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 of table 10, or "(MAGNIFIERS)" for a laser
product which is classified 1M because it fails condition 2 of table 10 (highly diverging beam).
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Instead of the above labels, at the discretion of the manufacturer, the same statements may
be included in the information for the user.

53 Class 2 and Class 2M

Each Class 2 laser product shall have affixed a warning label (figure 14) and an explanatory
label (figure 15) bearing the words:

LASER RADIATION
DO NOT STARE INTO BEAM
CLASS 2 LASER PRODUCT

Each Class 2M laser product shall have affixed a warning label (figure 14 an explanatory
label (figure 15) bearing the words:

LASER RADIATION

DO NOT STARE INTO THE BEAM OR VIE
DIRECTLY WITH OPTICAL INSTRUME
CLASS 2M LASER PRODUGT

5.4 Class 3R

Each Class 3R laser product in the
affixed a warning label (fi i

ength range from 400 nm to 1 400 nm shall have
exXplanatoriklabel (figure 15) bearing the words:

LASER RADIATION
AVOID EXPOSURE TO BEAM
CLASS 3R LASER PRODUCT

Each Class 3B laserproduct shall have affixed a warning label (figure 14) and an explanatory
label (figure 15) bearing the words:

LASER RADIATION
AVOID EXPOSURE TO BEAM
CLASS 3B LASER PRODUCT

56 Class 4

Each Class 4 laser product shall have affixed a warning label (Figure 14) and an explanatory

label (figure 15) bearing the words:

LASER RADIATION
AVOID EYE OR SKIN EXPOSURE TO
DIRECT OR SCATTERED RADIATION
CLASS 4 LASER PRODUCT



https://iecnorm.com/api/?name=77cea969a0f41b3274bbe6858125ad80

60825-1 © IEC:1993+A1:1997 — 25—
+A2:2001(E)

5.7 Aperture label
Each Class 3R, Class 3B and Class 4 laser product shall have affixed a label close to each

aperture through which laser radiation in excess of the AEL for Class 1 or Class 2 is emitted.
The label(s) shall bear the words:

LASER APERTURE
or
AVOID EXPOSURE — LASER RADIATION IS
EMITTED FROM THIS APERTURE

5.8 Radiation output and standards information

Each laser product, except those of Class 1, shall be described on the_explanatory label
(figure 15) by a statement of the maximum output of laser radiation, thfe pulse duration (if

close proximity on the product. For Class 1 and Class 1M, ins{ ) 8) lakelsNon the
product, the information may be contained in the information forth

5.9 Labels for access panels
5.9.1 Labels for panels

Each connection, each panel of a protective housing, and panel of a protective
enclosure which when removed or djs ( acsess to laser radiation in
excess of the AEL for Class 1 shall § ing”the words (for the case of
an embedded Class 1M laser, the state included in the information for
the user):

if the accessible
is measured 3

— CLASS 2 LASER RADIATION WHEN OPEN
DO NOT STARE INTO THE BEAM

if the accessible radiation does not exceed the AEL for Class 2 where the level of radiation is
measure@.according to 9.2h) and 9.3;

c)

CAUTION — CLASS 2M LASER RADIATION WHEN OPEN
DO NOT STARE INTO THE BEAM OR VIEW
DIRECTLY WITH OPTICAL INSTRUMENTS

if the accessible radiation does not exceed the AEL for Class 2M where the level of radiation
is measured according to 9 2h) and 9 3;

d)
CAUTION — CLASS 3R LASER RADIATION WHEN OPEN
AVOID DIRECT EYE EXPOSURE

if the accessible radiation is in the wavelength range from 400 nm to 1 400 nm and does not
exceed the AEL for Class 3R;
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CAUTION — CLASS 3R LASER RADIATION WHEN OPEN

AVOID EXPOSURE TO THE BEAM

if the accessible radiation is outside the wavelength range from 400 nm to 1 400 nm and does
not-exceed-the-AEL for Class QD;

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

if the accessible radiation does not exceed the AEL for Class 3B;

g)
CAUTION — CLASS 4 LASER RADIATION WHEN OP

AVOID EYE OR SKIN EXPOSURE TO
DIRECT OR SCATTERED RADIATION

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

5.9.2 Labels for safety interlocked panels

5.10 Warning@ isi
In many cases, the
radiation". If the outpyt of\th cutside the wavelength range from 400 nm to 700 nm,

this shall be modified laser radiation", or if the output is at wavelengths both
inside and outSide this\wavelehgth range, to read "Visible and invisible laser radiation".

"Visible and invisible Yaser radiation" in lieu of "Laser radiation".

5.11 Warning for visible laser radiation

Thewording "laser radiation" for labels in clause 5 may be modified to read "laser light" if the
output of the laser is in the (visible) wavelength range from 400 nm to 700 nm.

5.12 Warning for LED radiation

For LED radiation the word "Laser" on the labels in clause 5 shall be replaced by "LED".
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6 Other informational requirements

6.1 Information for the user

Mamufacturersof taser products—strattprovide{or see to theprovisiomof yas—am inmtegratpart of
any user instruction or operation manual which is regularly supplied with the laser product:

a) Adequate instructions for proper assembly, maintenance, and safe use, including clear
warnings concerning precautions to avoid possible exposure to hazardous laser radiation.

b) For Class 1M and 2M laser products an additional warning is required. 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

p distance (for

any expected increase in the measured quantities at any tin e 2 3 e added to
the values measured at the time of manufacture i

unintentional mode-locking need not be specified; S sonditions associated
with the product known to result in unintentional S pecified).

include appropriate safety instr
hazardous laser radiation.

label affixed to the product shall be\ind iNpfovided with the product, a statement
that such labels could{pot i e but were supplied with the product and
a statement of the fqorm vl were supplied shall be provided.

e) A clear indication i tions of laser apertures.
f) A listing of ¢ ' ang procedures for operation and maintenance, including
the warning " i \ trols or adjustments or performance of procedures other

than those spegifi c t in hazardous radiation exposure".
g) Inthe case ofVase do not incorporate the laser energy source necessary for
laser emij ent\of the compatibility requirements for a laser energy source to

6.2 Purchasi ervicing information

Manufacturers’ of |asef products shall provide or cause to be provided:

a) Inall\catalogues, specification sheets and descriptive brochures, the classification of each
lasetr product and any warnings required by 6.1b) shall be stated.

b)\To servicing dealers and distributors, and to others upon request, adequate instructions
for service adjustments and service procedures for each laser product model, which
includes clear warnings and precautions to be taken to avoid possible exposure to
radiation and other hazards and a schedule of maintenance necessary to keep the product
in compliance; and, in all such service instructions, a listing of those controls and

nrocedures which could ha ttilizad hv narcaonce athar than tha manufanturar Ar hic anantc
proceaure s W HEHR—GoUa—e—tthEe a—o P erSoRs—om e ahi—te—ahRta 6t e oo HS3age s

to increase accessible emission levels of radiation, and a clear description of the location
of displaceable portions of the protective housing which could allow access to laser
radiation in excess of the accessible limits in tables 1, 2, 3 and 4. The instructions shall
include protective procedures for service personnel, and legible reproductions (colour
optional) of required labels and hazard warnings.
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7 Additional requirements for specific laser products

71 Medical laser products

Each medical laser product shall comply with all of the applicable requirements for laser

products of its class. In addition, any Class 3B or Class 4 medical laser product shall comply
with IEC 60601-2-22.

7.2 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 annex H).

— |EC 60825-2 is additionally applicable to optical fibre communication
— |EC 60825-4 is additionally applicable to laser guards.

— Further information on laser shows may be found in IEC/TR 608
— Further information regarding a manufacturer's checklist may be i 60825-5.

— Further information regarding products exclusively used isible \ mation trans-
mission may be found in IEC/TS 60825-6.

mission may be found in IEC/TS 60825-7.
— Guidelines for the safe use of medic

| laser €

— Further information regarding a ¥
in [IEC/TR 60825-9.

8 Classification

8.1 Introduction
Because of the Wi the wavelength, energy content and pulse
characteristics .'QV‘ € g arising in its use vary widely. It is impossible to
regard lasers as a'Sjr ommon safety limits can apply.

Class 1M: Lasers'emitting in the wavelength range from 302,5 nm to 4 000 nm which are safe
under reasonablw forgseeable conditions of operation, but may be hazardous if the user
employs optics withiti the beam. Two conditions apply:

a) fof diverging beams if the user places optical components within 100 mm from the source
taconcentrate (collimate) the beam; or

b).*for a collimated beam with a diameter larger than the diameter specified in table 10 for the
measurements of irradiance and radiant exposure.

Class 2: Lasers that emit visible radiation in the wavelength range from 400 nm to 700 nm
where eye protection is normally afforded by aversion responses, including the blink reflex.

ThiS reaction may be expected to provide adequate protection under reasonably joreseeabple
conditions of operation including the use of optical instruments for intrabeam viewing.

NOTE Outside the wavelength range from 400 nm to 700 nm, any additional emissions of Class 2 lasers are
required to be below the AEL of Class 1.
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Class 2M: Lasers that emit visible radiation in the wavelength range from 400 nm to 700 nm
where eye protection is normally afforded by aversion responses including the blink reflex.
However, viewing of the output may be more hazardous if the user employs optics within the
beam. Two conditions apply:

a) for diverging beams, It the User places optical components within 100 mm from the source
to concentrate (collimate) the beam, or

b) for a collimated beam with a diameter larger than the diameter specified in table 10 for the
measurements of irradiance and radiant exposure.

NOTE Outside the wavelength range from 400 nm to 700 nm, any additional emissions of Class 2M lasers Jare
required to be below the AEL of Class 1M.

Class 3R: Lasers that emit in the wavelength range from 302,5 nm to 106 nm_where direct

eflections. They may
heir use requires extreme

fadiation over the full range of capability
ich results in its allocation to the highest
it (AELs) for Class 1 and 1M, Class 2 and 2M,

during operation at a
appropriate class,Jhe
Class 3R and C@B
respectively.

For the purposge of tlasSification rules, the following ranking of the classes (in increasing
order of haZard) shal)’be used: Class 1, Class 1M, Class 2, Class 2M, Class 3R, Class 3B,
Class 4.

NOTE_( For classification of a laser product as Class 1M or 2M, the use of an aperture, specified in table 10 for
irradiance and radiant exposure at the distances in that table for these measurements, limits the amount of
radiation that is collected from large diameter or highly diverging beams. For example, when measured under the
applicable conditions, Class 1M and Class 2M products may have higher measured energy or power than the AEL
of Class 3R. For such laser products, a classification of 1M or 2M is appropriate.

a) Radiation of a single wavelength
A single wavelength laser product, with a spectral range of the emission line narrow

enough so that the AELS do not change, 1S assigned 1o a class when the accessible laser
radiation, measured under the conditions appropriate to that class, exceeds the AEL of all
lower classes but does not exceed that of the class assigned.
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Radiation of multiple wavelengths

1) A laser product emitting two or more wavelengths in spectral regions shown as
additive in table 5 is assigned to a class when the sum of the ratios of the accessible
laser radiation, measured under the conditions appropriate to that class, to the AELs of
those wavelengths is greater than unity for all lower classes but does not exceed unity

for the class assigned.

2) A laser product emitting two or more wavelengths not shown as additive in table 5 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.

Radiation from extended sources

14400 nm is

The ocular hazard from laser sources in the wavelength range from 4Q0 nm to

ion 1 applies (see table 10), the angular
determined at the location of the 50 mm
agnjfication of the angular subtense a of the

iewed through an optical instrument of magnification 7.
ited to apax prior to the calculation of Cg.

For classifying products where condition 2 applies (see table 10), the angular
subtense~a apparent source shall be determined at the nearest point of human
access to-the apparent source, but not less than 100 mm.

Nonsgeircular and multiple sources

For laser radiation where the apparent source consists of multiple points or is a linear
source with an angular subtense greater than ani, and within the wavelength range
from 400 nm to 1 400 nm, measurements or evaluations shall be made for every single
point, or assembly of points, necessary to assure that the source does not exceed the AEL
for each possible angle a subtended by each partial area, where apgjn < 0 < Apax.

EFor the retinal photochemical hazard limits (400 nm to 600 nm)_ the limiting angle of

acceptance y, to be used to evaluate extended sources is specified in 9.3 ¢) i).
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For the determination of the AEL retinal thermal hazard limits (400 nm to 1 400 nm), the
value of the angular subtense of a rectangular or linear source is determined by the
arithmetic mean of the two angular dimensions of the source. Any angular dimension that
is greater than amqax Or less than apiy shall be limited to apax Or amin respectively, prior to

calculating the mean. The photochemical limits (400 nm to 600 nm) do not depend on the

dlngular supltense Or the source, drnda tne sSource Is measured witn the angle ol acceptarice
specified in 9.3 c).

Time bases

The following time bases are used in this standard for classification:

i) 0,25 s for Class 2, Class 2M and Class 3R laser radiation in the wavelength range
from 400 nm to 700 nm.

ii) 100 s for laser radiation of all wavelengths greater than 400 nm ¢
listed in i) and iii).

NOTE Every possible emission duration within the time base
classification of a product. This means that the emission level of a
applicable to the emission duration of the pulse, etc. It is not s
the duration of the classification time base.

Repetitively pulsed or modulated lasers

The following methods shall be
pulsed emissions.

restrictive of requirements i), ii) angd iii) as a iate
determined by using theamost restri tivequ' eme ts i) and ii). Reqwrement iii) applies
only to the thermal limits, ® otoe i

single pulse.

ii) The averd \
corresponadirigt 2 L.given invtables 1, 2, 3 and 4, respectively for a single pulse
of emission Qv

AELtrain = AELgingle % Cs
where

AELgain is the AEL for any single pulse in the pulse train;
AELsingle is the AEL for a single pulse;

Cs = N-0,25;

N is the number of pulses in the pulse train during the duration according to the
following:

Wavelength Duration to determine N

Cs

400 nm to 1 400 nm T, (see note 2 of the notes to tables 1 to 4) or the applicable time basis,
whichever is shorter

>1 400 nm 10 s

is only applicable to individual pulse durations shorter than 0,25 s.
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In some cases, the calculated value may fall below the AEL that would apply for continuous
operation at the same peak power using the same time base. Under these circumstances, the
AEL for continuous operation may be used.

If multiple pulses appear within the period of T; (see table 9), they are counted as a single

puibc: tU dctcllll;llc IAV’ dllul tilc ﬁllclg;cb Uf t;lc iIIUI;ViUIudi puibca dli'c au'u'l::u' tU IUU uunlpalcu' tU
the AEL of T, provided that all individual pulse durations are greater than 10-9 s.

NOTE The energy from any group of pulses (or sub-group of pulses in a train) delivered in any given time should
not exceed the AEL for that time.

Table 9 — Times T; below which pulse groups are summed up

Wavelength T;
400 nm < A <1050 nm 18 x 10-6 s /
1050 nm < A < 1 400 nm 50><10*Gs/\\
1400 nm < A < 1 500 nm 10*33/\\
1500 nm < A < 1 800 nm 105\

Pa

1800 nm < A < 2 600 nm Qﬁ\\\
2 600 nm < A < 106 nm m X

In cases of varying pulse widths or pulse inte S -ondime-pulse (TOTP) method
may be used in place of requirement i{i). IR_thi§ case ermined by the duration of
the TOTP, which is the sum of all e emission duration or Ty,

two or more pulses occur within a durat i»\these pulse groups are assigned pulse
durations of T;. For compaxrison with the eNcorresponding duration, all individual

This method is equiva iremegt il the average energy of pulses is compared

to the AEL of a s“@e D
IEC/TR 60825-9 preg & tive procedure that may be considered.

Tests shall ) account all errors and statistical uncertainties in the measurement
process (se€ IEC 40) and increases in emission and degradation in radiation safety with
age. Specific user requirements may impose additional tests.

Tests\during operation shall be used to determine the classification of the product. Tests
during operation, maintenance and service shall also be used as appropriate to determine the
requirements for safety interlocks, labels and information for the user. The above tests shall
be made under each and every reasonably foreseeable single-fault condition; however, faults
which result in the emission of radiation in excess of the AEL for a limited period only, and for
which it is not reasonably foreseeable that human access to the radiation will occur before the
product is taken out of service, need not be considered.

NOTE For example, surface-emitting LEDs will be a product group where the single-fault condition need not be
considered. (Surface-emitting LEDs are conventional LEDs without gain where the emission is orthogonal to the
chip surface, and the chip surface can be viewed directly. It may have a built-in lens or reflector.)

Equivalent tests or procedures are acceptable.
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Optical amplifiers shall be classified using the maximum accessible total output power or
energy, which may include maximum rated input power or energy.

NOTE In those cases where there is no clear output power or energy limit, the maximum power or energy added
by the amplifier plus the necessary input signal power or energy to achieve that condition should be used.

9.2

Measurement of laser radiation

Measurement of laser radiation levels may be necessary to classify a laser product in
accordance with 9.1. Measurements are unnecessary when the physical characteristics and
limitations of the laser source place the laser product or laser installation clearly in a
particular class. Measurements shall be made under the following conditions.

a)

Under those conditions and procedures which maximize the accessible_emissionulevels,
including start-up, stabilized emission and shut-down of the laser prod(ct.

adjusted in combination to result in the maximum accessib radiation.
Measurements are also required with the use of accesseti intggase the

manufacturer for use with the product.

For a laser product other than a laser system, wit e las ) othat type of laser
energy source which is specified as compatible

according to
Class 1, the

If the Jeve i determined according to table 10, is larger than the AEL of

Clasg 1 ition \] or condition 2 and less than the AEL of Class 3B, but with an
aperture st (o) ter and at a distance from the apparent source as specified in
table 10 nce or radiant _exposure measurements is less than, or equal to, the

NOTE._\To limit the maximum power passing through an optical instrument for Class 1M, the AELs of Class 3B
are"also employed with the measurement of power or energy.

Class 2 and 2M

In the wavelength range of 400 nm to 700 nm, if the level of radiation, as determined
according to table 10, for condition 1 and condition 2 exceeds the AEL of Class 1 and is
less than or equal to the AEL of Class 2, the laser product is assigned to Class 2.

If the level of radiation as determined according to table 10 is larger than the AEL of

Class 2 for condition 1 or condition 2 and less than the AEL of Class 3B, but the level of
radiation measured with an aperture stop of diameter and at a distance as specified in
table 10 for irradiance or radiant exposure measurements is less than, or equal to, the
AEL of Class 2, the laser product is assigned to Class 2M.

NOTE To limit the maximum power passing through an optical instrument for Class 2M, the AELs of Class 3B
are also employed with measurements of power or energy.
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9.3 Measurement geometry

Two measurement conditions as given in table 10 apply for wavelengths where optically aided
viewing may increase the hazard. The most restrictive condition shall be applied. If the
applicability of condition 1 or 2 is not obvious, both cases shall be evaluated. Condition 1

applies to collimated beams where felescopes and binoculars may Increase the hazard, and
condition 2 applies to sources with a highly diverging output where the use of microscopes,
hand magnifiers and eye loupes may increase the hazard.

For power and energy measurement of scanned laser radiation, the measurement apertures
and distances as specified in table 10 for irradiance or radiant exposure shall be used.

a) Aperture diameters

The aperture diameters used for measurements of radiation for
shall be as shown in table 10.

ssification\purposes

S

NOTE Irradiance and radiant exposure values should not be averaged over afert e limiting
apertures given in table 10 for irradiance and radiant exposure.

b) Measurement distance
For condition 1, the measurement distance specified efers to the distance
between the closest point of human access and or condition 2 and
irradiance or radiant exposure measurements the t distance refers to the

distance between the apparent source and
range of 302,5 nm and 4 000 nm,
not apply and the distance specifi

top. Outside the wavelength
ion 1 and condition 2 does

For the purpose of this standard, t i heam waist shall be considered as the
location of the apparent source i Ny
table 10; however, thg Nocatien beam waist should not be used to

e apparent source. If a value of angular

subtense greater t i assification, the dimensions of the apparent
source shall be de Y ) ’ 8 scanning beams, the appropriate measurement
location is tc p ihation of angular subtense and pulse duration
results in the Mo jcti essible emission limit (AEL).

A Bfgy for condition 2 and the measurement of irradiance or radiant
exposure in the wavelength\tang to 4 000 nm. In cases where the apparent source is not accessible
by virtue of engin osi recessed), the measurement distance should be at the closest point

of human access f 3 specified distance.

If the so d, instead of a 7 mm diameter aperture stop placed at a distance r
as determ mula in a) of table 10 for thermal limits, an aperture stop with varying
diameter d ca ed at a distance of 100 mm from the apparent source. In this case, the

diameter of the apertyre is determined by the formula:

a
d =(7mm),|——  |fa < amin, =50 mm. If @2 amay, d = 7 mm
a + 0,46 mrad

NOTE The measurement apertures and distances in table 10 describe the geometry of the measurement
conditions required to determine the radiation level to be used for classification. In some cases, it may be
appropriate, because of instrument or space limitations, to use an equivalent arrangement of apertures and
distances. For example, as an alternative to a 7 mm diameter aperture stop placed at a distance of 14 mm from the
apparent source, an aperture stop with a diameter of 50 mm can be placed at a distance of 100 mm from the

apparent source.
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Table 10 — Diameters of the measurement apertures and measurement distances

For values expressed in power W

Wavelength or energy J For irradiance W/m2?b or
nm — — radiant exposure J/m2b
Condition 1 Condition 2
For Class 1 Aperture | Distance | Aperture | Distance Limiting aperture Distance
see also 9.2¢g) stop stop
For Class 2 mm mm mm mm mm mm
see also 9.2h)
< 302,5 nm - - 7 14 1 0
= 302,5 nm to 400 nm 25 2 000 7 14 1 100
=2 400 nm to 1 400 nm 50 2 000 7a ra 7 100
21400 nm to 4 000 nm 25 2 000 7 14 1fort<0,35s 100

1,538 for0,35s<t<10s
3,5 for t 2 10”s (P s)

>4 000 nm to 105 nm - - 7 14 1 for 500,35 s \ 0
1,5 13/8 forQ0,35 s <A0
3,5 faf K2\10 s%

> 105 nm to 106 nm - - 7 14 N N 0

a

For the photochemical limits and t < 100 s, ris given by

r=14 mm for a < 1,5 mrad
r=100 mm (a/11 mrad) for 1,5 mrad < a <11 mra
r=100 mm for a > 11 mrad

(for the test for Class 1M and 2M, refer to 9.2g) and h))
For the photochemical limits and t > 100 s, ris given by (for

r=14 mm

a-15 mradH
r= 34 + 86 ————  =mm

m
yp - 1,5 mrad H

r=100 mm
(for the test for Class 1M and

+0,46
r =(100 mm) a mpa max> £ =100 mm
(for the test for (@ ))-
b In the wavelength r, 0Q0/nm, these values are also applicable for the measurement of
power or energy fgt Glass 1 (see 9.2g) and h)).
"
c) Angle of accep
i) } retinal limits

ources to be evaluated against the photochemical limits (400 nm to

600 nm),theNimiting angle of acceptance yp is

for 10ns <t <100 s: Yo = 11 mrad
for100 s <t< 104 s: Yo = 1,1 10.5 mrad
for 104 s <t< 3 104 s: Yp = 110 mrad

If the angular subtense of the source a is larger than the specified limiting angle of
acceptance ), the angle of acceptance should not be larger than the values specified for y,.

If the angular subtense of the source a is smaller than the specified limiting angle of

acceptance y, the angle of acceptance shall fully encompass the source under consideration
but need otherwise not be well defined (i.e. the angle of acceptance need not be restricted
to yp)-

NOTE For measurements of single small sources, where o <y, it will not be necessary to measure with a

specific, well-defined angle of acceptance. To obtain a well-defined angle of acceptance, the angle of
acceptance can be defined by either imaging the source onto a field stop or by masking off the source — see
figures 16a and 16b respectively.
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ii) All other limits

For measurement of radiation to be compared to limits other than the photochemical limits,
the angle of acceptance shall fully encompass the source under consideration (i.e. the
angle of acceptance shall be at least as large as the angular subtense of the source a).
However, if a > a4y, in the wavelength range of 302,5 nm to 4 000 nm, the limiting angle

of acceptance is apax (100 mrad). Within the wavelength range of 400 nm to 1 400 nm, for
the evaluation of an apparent source which consists of multiple points, the angle of
acceptance has to be varied in the range of aqin < Y < Omax (see 8.4d)).

Circular Circular

Angle of aperture stop field stop
acceptance

Angular subtense
of the apparent source

Apparent || ...
source h

/N

Measuring distance r Image (distance

G IEC 2501/2000

Circular
aperture stop

Active area
of the detector

o

Measuring distance r

IEC 2502/2000

Figure 16b

Figure 16 — Measurement set-up to obtain a well-defined angle of acceptance -
16a: by imaging the apparent source onto the plane of the field stop —
16b: by placing a circular aperture or a mask (serving as field stop) close to the source

The angle of acceptance is determined by the ratio of the diameter of the field stop and the
lens-field stop distance (image distance) (figure 16a), or by the ratio of the diameter of the
field stop and the source-detector distance (figure 16b). Transmission and reflection losses

due—tothetenmshave tobetakenm o —account—The measuring distance Tas—specified—m
table 10 is taken from the aperture stop.
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Table 1 — Accessible emission limits for Class 1 and Class 1M laser products a, b, ¢

Exposure
time
fin's 10-13 10-11 10-9 10-%_ [1,8 x 10-5(5 x 10-5| 1 x 10-3 0,35 10 102 103 104
to to to t to to to to to to to to
:’Vavz-] 10-11 10-9 10-7 1,8 X 1075/ 5 x 10-5 |1 x 10-3 0,35 10 10 3 104 3 x 104
eng
Ain nm /> /\
180 to 302,5 3 x 1010 Win-2 £~ , / N 30 Jiin-2 N
7.9 x10-7 C, J \\\>
302,5 to 315 (t<Ty) (t>Ty) 7,9 x 107 C, J
24 10w 7,9 x 107 G J N
315 to 400 N\ \7.9x 303 | 7,9 x 1016 W
\ Retinal photochemical hazard
3,9 X407Cy J 3,9 x 10-5 C3 W 3,9 10-5 C3 W
\>using using using
o~ 11 mrad o = 1,1 195 mrad ¥, F 110 mrad
ANDd
400 to 700d 5,8 x 10-9 CG 1,0 t 0,75 CG J 2 x 107 CS J Retinal thermal hazard
a<1,5mrag: 3,9 x 104 W
a>1,5mrad: 7 x 104 C4 T,70.25 W
‘lit<Ty) (t>Ty)
AN aN ) TR X104 1075 ¢y g
700 to 1 050 [5,8 x 10-° C, CJ J[1,01075C, CqJ| 2x 107 C, CqJ || 7\ 104 t 0%8 @ Cg 4 N\~ a<1,5mrad: 3,9 % 104 C, C, W
<> \\/ ~/ > 1,5 mrad: 7 x 10~4 C4 |C C,T,~0:25 W
1050 to 14001(5,8 x 10-8 Cq C4 J| 10,4 £0.75C4 C; J 2 x 10-9°¢5 25 \%10“0'750 C7O
(LT (t>T)
/\<V\ « 164E05C, Cq Cy J ]
1400 to 1 500 8 x|105 W 8 x 10N N4 x 103025y 10 ) <
1 500 to 1 800 8 x|106 W X10-3N 1,8 x 10-2 0.75' 10 %102 W
1 800 to 2 600 8 x|105 W N\ 80 / |aax10-3¢025 o \U ’
2 600 to 4 000 8 x|104 W 8 ¥10°6JY\ N\ = 4,4 x10-31025 10
4 000 to 106 101{ Wifn-2 100 M2 [N\ ) 5 600 ¢0.25 J (-2 N 1000 Wif-2

a  For correction factors and u
b The AELs for emission durg
The angle y, is the limiting

d In the wavelength range b
between 1 s and 10 s are
3,9 x 10-3 C5 J is extended

o

hngle of acceptance for the measuring’instrument.
btween 400 nm and 600 nm, dual limits apply and a product’s emission must not exceed either limit a

to 1 s.

nits, see "Notes to tables 1 to™4. b
tions less than 10-13 s are set to equal to the equivalent power or irradiance values of the AEL at\{0-18 s.

sed, for wavelengths between 400 nm and 484 nm and for apparent source sizes between 1,5 mrad and 82 mrad,the~dual photochemical

ble tos/the class assigned. If

exposure times
hazard limit of

(3)L00¢C:¢v+

L661:LV+€66L:031 ©® L-G2809
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Table 2 — Accessible emission limits for Class 2 and Class 2M laser products

Wavelength A Emission duration ¢ Class 2 AEL
nm s
400 to 700 t<0,25 Same as Class 1 AEL
t20,25 Cex 1073 W *

* For correction factor and units see "Notes to tables 1 to 4".

@%
&
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Table 3 — Accessible emission limits for Class 3R laser products a, b

Exposure
time
, 107]3 1011 1079 1077 1,8 x1075 | 5x1075 1x10°3 0,35 10 103
ins
to to t to to to to to to
Wave- -11 -9 -7 -5 -5 -3 (1] 3 4
length 10 10 0 1,8 x 5x105 | 1x10 0,35 10 3x10
Ain nm 4 N
180 to 302,5 Not appropriate / / Not aﬁgropr%ﬁe\\ \ >
L
0 xNO6¢C,
302,5 to 315 (ts Ty L) 4,0 x 1076 Cy J
1,2 x 105 W
e 4%x106CyJ
315 to 400 / / «A0-6 Crd_, K D 4,0 x 1072 J 4jox 105w
& 0005 6w<>
400 to 700 2,9 x 1018 Cg J 5,0t075CgJ 1x1076 Cg J 0 x 1073 Cg W 5,0 x 1073 Cg W
(t<0,25%)
3,5 x 103 477 ¢
700t0 1050 | 2,9 x1078|C, CgJ | 5,0t0.75C4 CgJ 1x106Cy CGV\ /\\\ \‘3{/\/‘}{%\5@5\{ a < 1,5mrad: 2,0[x 10-3 C4 C; W
& 1,5 mrad:
Q 3,5 %1073 C4 ¢ C7 T, 025 W
-7 0,75 -5
1050 to 1400 | 2,9 x 10-7[Cg C7 J | 52t Cg C7 J x 105 Cg'Cy (t<Ty) (t> o)
N 3,5x1073¢0.75 ¢, c5 C; J
1400 to 1 500 4 x 106 W AN RN D | 2,2 x 1027925 LY Sl 19247
7 ,
1 500 to 1 800 4 x 107 W \ \\4\x10 J N ;9/“ 2‘/9’75/ 5,0 x 1072 W
1800 to 2 600 4 x 108 W \\4X\Q—SB |22x10—2t025J ’
, i ds
2 600 to 4 000 4 x 105 W 4>No4\4 2,2 x1072¢0.25
4000 to 106 5x 1011 W2 5\7\1@ 2,8 x 104 0,25 g2 5 000 Wn—2

a8 For correction factors an
b The AELs for emission d

H units, see "notes to tables 1 to
rations less than 10-13 s are setto b

qu$o the equivalent power or irradiance values of the AEL at 10-13 s. {///

(3)100¢:¢V+

1661:lV+£€66L:031 ©® L-G2809
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Table 4 — Accessible emission limits for Class 3B laser products

Emission
duration t
S
Wavelength A <10~? 10~° to 0,25 0,25 to 3 x 104
nm
180 to 302,5 3,8 x 105 W 3,8 x 1074 J 1,5 x 103 W
302,5 to 315 1,25 x 104 C, W 1,25 x 1075 C, J 5x 1075 C, W
315 to 400 1,25 x 108 W 0,125 J 0,5W
400 to 700 3% 107 W 0,03 J for t< 0,06 s 0,5W
0,5W for t>0,06 s /\
700 to 1 050 3x107 C, W 0,03 C, J for t < 0,06 C, s</\\ OEW
0,5W for t = 0,06 045/\\ %
1050 to 1 400 15x 108 W 0,15 J /\\ \ &W
1400 to 10° 1,26 x 108 W 0125 4\ NN

For correction factors and units, see "Notes to tables 1 to 4".

Notes to tables 1 to 4

for wavelengths less than
avelengths have been derived by
calculating the equivalent radiant power or irr
for wavelengths less than 400 nm and greater

expressions and are illustrated in figures 1 to 8

(@R
e

Parameter Spectral region Figures
N nm
Cp=56x 1034022\~ ) 302,5 to 400 1
T, = 100,80 295 x DOAREN  \ N 302,5 to 315 2
C, £108200 295 2 N4 302,5 to 315 3
T, = 10 x T0K@AQNERS s O\ D 400 to 1 400 4
CATM0 NN 400 to 450 5
Cy = 00BN N T N\ 450 to 600 5
Co DIQO00NTO N\ 700 to 1 050 6
A e\ V) 1050 to 1 400 6
S N\ AR N 400 to 106 7
6.7 M ory <, 400 to 1 400 c
Co = G/amn¥ar Uyl < O < Upyg 400 to 1 400 o
Ce T 0 ax/Omin = 66,7 for a > ap,,d 400 to 1 400 ¢
C;=1 700 to 1 150 8
C; = 100.018(A ~1150) 1150 to 1 200 8
C;=8 1200 to 1 400 8
a T,=10s fora <1,5mrad and T, = 100 s for a > 100 mrad
b Csis only applicable to pulse durations shorter than 0,25 s
¢ Cgis only applicable to pulsed lasers and to CW lasers where thermal injury dominates (see table 1)
d  The limiting angle of acceptance y shall be equal to o,
Omin = 1,5 mrad
Omax = 100 mrad
N is the number of pulses contained within the applicable duration (see 8.4f) and 13.3)

NOTE 3 See table 7 for limiting apertures.

NOTE 4 In the formulae in the tables 1 to 4 and in these notes, the wavelength has to be expressed in
nanometres, the emission duration t has to be expressed in seconds and a has to be expressed in milliradians.
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Section Three — User's guide

NOTE Because of the nature of these guidelines, this section makes recommendations with the verb "should" for
safety precautlons and control measures to be taken by the user of a Iaser product without dlstlngwshlng between

the—retative—trazard }choclllcu uy Ctass—3Borttass4tasers—itistefttotheuserto cpcully wirethrer—strotrte—or

"shall " is to be used in the implementation of these control measures.

10 Safety precautions

10.1 General

This section specifies safety precautions and control measures to be take the user of a

laser product, in accordance with its hazard classification. Often

For installations where Class 3R laser products emitting ) S\ 400 nm to
700 nm wavelength range or Class 3B or Class 4 laser p
officer should be appointed. It should be the laser safety
following precautions and designate the appropriatg

ipility to review the
plemented. Wherever

exposure to hazardous levels of laser fadigtiqn, @ o otgyer associated hazards. Therefore, it
may not be necessary to.implemen alh ol measures given. Whenever the
icati neasH

or below the applicableg S application) vf additional control measures should not
be necessary.

If a user modif gSified laser product affects any aspect of the
product's performance Qi

organization perforn i cation is responsible for ensuring the reclassification

The person in charge may be permitted momentary override of the remote interlock connector
to allowsaccess to other authorized persons if it is clearly evident that there is no optical
radiation hazard at the time and point of entry.

10.3 Key control

Class 3B and Class 4 laser products not in use should be protected against unauthorized use
by removal of the key from the key control (see 4.5).

10.4 Beam stop or attenuator

The inadvertent exposure of bystanders to laser radiation from Class 3B or Class 4 laser
products should be prevented by the use of a beam attenuator or beam stop (see 4.7).
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10.5 Warning signs

The entrances to areas or protective enclosures containing Class 3B and Class 4 laser
products should be posted with appropriate warning signs.

106 Beam paths

The beam emitted by each Class 1M and Class 2M laser product classified under condition 1
of table 10, each Class 3R laser product emitting energy outside of the 400 nm to 700 nm
wavelength range, and each Class 3B or Class 4 laser product should be terminated at the
end of its useful path by a diffusely reflecting material of appropriate reflectivity and thermal
properties or by absorbers.

Open laser beam paths should be located above or below eye level where/practicable:

wavelength range and Class 3B or Class 4 laser products should b
should have a minimum number of directional changes, should
other access routes, and should, where practicable, be enclesed losure (for
example, a tube) should be securely mounted but preferabl 3 (or provide
support for) beam-forming components.

10.7 Specular reflections

Reflecting surfaces tha

radiation beam specula
hazardous for @-
reflections.

ar reflections occur at all surfaces of transmissive optical
3, prisms, windows and beam splitters.

Potentially hazardous) radiation can also be transmitted through some reflective optical
components such as’mirrors (for example, infra-red radiation passing through a reflector of
visible radiation).

10.8-“Eye protection

Eye protection which is designed to provide adequate protection against specific laser
wavelengths should be used in all hazard areas where Class 3R laser products emitting
energy outside of the 400 nm to 700 nm wavelength range, Class 3B or Class 4 lasers are in
use (see clause 12). Exceptions to this are

a) when engineering and administrative controls are such as to eliminate potential exposure
in excess of the applicable MPE;

b) when, due to the unusual operating requirements, the use of eye protection is not
practicable. Such operating procedures should only be undertaken with the approval of the
laser safety officer.
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The following should be considered when specifying suitable protective eyewear:

a) wavelength(s) of operation;
b) radiant exposure or irradiance;

———C) TaximunT permissibte exposure (MPE);
d) optical density of eyewear at laser output wavelength;
e) visible light transmission requirements;
f) radiant exposure or irradiance at which damage to eyewear occurs;
g) need for prescription glasses;
h) comfort and ventilation;
i) degradation or modification of absorbing media, even if temporary oy
j) strength of materials (resistance to shock);
k) peripheral vision requirements;

I) any relevant national regulations.

10.8.1 Identification of eyewear

All laser protective eyewear shall be clearly labelleg
proper choice of eyewear with particular lasers.

10.8.2 Required optical density

ar a band of radiation, the minimum
he value of D) required to give eye

till providing adequate ventilation to avoid problems in misting up
YToll}: al transmittance. Care should be taken to avoid, as far as is
possible, the usg of flat reflecting surfaces which might cause hazardous specular reflections.
It is important) that the frame and any side-pieces should give equivalent protection to that
afforded by the lens(es).

and provide

Special attention has to be given to the resistance and stability against laser radiation when
choosing eyewear for protection against Class 4 lasers.

10.9 Protective clothing

Where personnel may be exposed to levels of radiation that exceed the MPE for the skin,

suitabhle Pln’rhing shaould bhe Inrn\/irlpd Class 4 lasers pqlnnr‘inlly are 3 Ir\r\’rt:\n’riql fire hazard and
protective clothing worn should be made from a suitable flame and heat resisting material.

Special attention has to be given to the resistance and stability against laser radiation when
choosing clothing for protection against Class 4 lasers.
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10.10 Training
Operation of Class 1M and Class 2M laser products that failed condition 1 of table 10,

Class 3R, Class 3B and Class 4 laser systems can represent a hazard not only to the user but
also to other people over a considerable distance.

Because of this hazard potential, only persons who have received training to an appropriate
level should be placed in control of such systems. The training, which may be given by the
manufacturer or supplier of the system, the laser safety officer, or by an approved external
organization, should include, but is not limited to:

a) familiarization with system operating procedures;

the proper use of hazard control procedures, warning signs, etc.;

the need for personal protection;

accident reporting procedures;

bioeffects of the laser upon the eye and the skin.

® O O T

)
)
)
)

See also clause 12.

10.11 Medical supervision

In the absence of national regulations, the following 3 shduld be taken into

consideration:

a) the value of medical surveillance ~of lase g i damental problem as yet

Class 3B and Class 4 lasers;

b) a medical examination by a qualifie
apparent or suspected\injurioy
supplemented with a ol
accident occurred;

c) pre, interim, and \ halmic examinations of workers using Class 3B
and Class 4 @ i \ at'legal reasons only and are not a necessary part
rogra

of a safety p N

£, Such an examination should be
of the circumstances under which the

a) Vapourized target material and reaction products from laser cutting, drilling, and welding
operations. These materials may well include asbestos, carbon monoxide, carbon dioxide,
ozone, lead, mercury, other metals, and biological material.

b).\'Gases from the flowing gas laser systems or from the by-products of laser reactions, such
as bromine, chlorine, and hydrogen cyanide.

c) Gases or vapours from cryogenic coolants.

d) Gases used to assist laser-target interactions, such as oxygen.

11.2 Collateral radiation hazards

11.2.1 Ultra-violet collateral radiation

There may be a considerable hazard from the ultra-violet radiation associated with flashlamps
and CW laser discharge tubes, especially when ultra-violet transmitting tubing or mirrors
(such as quartz) are used.
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11.2.2 Visible and infra-red collateral radiation

The visible and near infra-red radiation emitted from flash tubes and pump sources and target
re-radiation may be of sufficient radiance to produce potential hazard.

t1-3—Efectrical trazards

Many lasers make use of high voltages (>1 kV), and pulsed lasers are especially dangerous
because of the stored energy in the capacitor banks.

Unless properly shielded, circuit components such as electronic tubes working at anode
voltages greater than 5 kV may emit X-rays.

11.4 Cryogenic coolants

Cryogenic liquids may cause burns and require special handling preg

11.5 Materials processing

Specifications for laser products used to process matefial ary according to their
intended use. If the users wish to process materials other mended by the
manufacturers, they should make themselves awa erenh degrees of risk and

hazards associated with the processing of such mat¢ria Ke appropriate precautions to
prevent, for example, the emission of toxic fume(fixe
from the workpiece.

11.6 Other hazards

12.1 General

b) the environmentifi which the laser is used;

c) the-level of training of the personnel who operate the laser or who may be exposed to its
radiation.

The practical means for evaluation and control of laser radiation hazards is to classify laser
systems according to their relative hazard potential, and then to specify appropriate controls
for each class. The use of the classification system will in most cases preclude any
requirement for radiometric measurements by the user.

system and the potential hazard based on its physical characteristics. However, environ-
mental and personnel factors are also relevant in determining the control measures required,
and a responsible person should be designated as laser safety officer, to be responsible for
providing informed judgments on situations not specifically covered by this standard.
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The following details relate to safe operation of laser products in:

— outdoor and construction environments where administrative controls often provide the
only reasonable approach to safe operation;

— laboratory and workshop environments where engineering controls may play the greatest

role;

— display and demonstration environments, where pre-planning, delineation and control of
access often provide the only reasonably practicable approach to safe operation.

12.2 Hazard evaluation for lasers used outdoors

ed condition/1 of
wavelength range,
The_range' from the

The hazard potential for Class 1M and Class 2M laser products that fai
table 10, Class 3R lasers emitting energy outside of the 400 nm to 700 n
Class 3B and Class 4 lasers may extend over a considerable distangé.

The NOHD is dependent on the outpuf charactexis the laser, the appropriate MPE, the
i ere on beam propagation. Formulae

The need to use
be kept to a mini

st'the hazardous effects of laser operation should
sign, beam enclosures and administrative controls.

Only Class of Class 2 laser products should be used for demonstration, display or
entertainment in wasupervised areas. The use of other classes of lasers for such purposes
should be permitted only when the laser operation is under the control of an experienced,
well-trained operator and/or when spectators are prevented from exposure to levels
exceeding the applicable MPE.

Each demonstration laser product used for educational purposes in schools, etc. should
comply with all of the applicable requirements for a Class 1 or Class 2 laser product. A
demonstration laser product shall not permit human access to laser radiation in excess of the
accessible emission limits of Class 1 or Class 2 as applicable.

NOTE Additional guidance can be found in [EC 60825-3, a technical report on the safety precautions for laser
light shows and displays.
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12.5 Laboratory and workshop laser installations
12.5.1 Class 1M, Class 2, Class 2M and Class 3R laser products

Precautions are only required to prevent continuous viewing of the direct beam; for Class 1M,

Ctass2and—Ctass 2 momentary (0,25 5) exposure to radration i the wavetengthr range
400 nm to 700 nm as would occur in accidental viewing situations is not considered
hazardous. However, the laser beam should not be intentionally aimed at people. The use of
optical viewing aids (for example, binoculars) with Class 1M, Class 2M and Class 3R laser
products may increase the ocular hazard. Additional precautions for Class 1M, Class 2M and
Class 3R laser products are given in 12.6.2.

12.5.2 Class 3B laser products

3 viewed by
1 to avoid

c) The laser beam should be terminated where posgible its” useful path by a
material that is diffuse and of such a colour and/refle S ke beam positioning
possible while still minimizing the reflection h
NOTE Conditions for safe viewing of dif lasers are: minimum viewing
distance of 13 cm between screen and c&(nea e’of 10 s. Other viewing conditions
require a comparison of the diffuse reflection exposure

d) Eye protection is required if there hility of viewing either the direct or
specularly reflected beam, or of|viewi reflection not complying with the

e) The entrances to areas\sho

a) Beam p osed whenever practicable. Access to the laser environment
during tion shduld be limited to persons wearing proper laser protective
eyewear an

Beam paths(Should avoid work area, where possible, and long sections of tubes should be
mounted(so :

not significantly dffect the alignment of beam forming components.

b) Class" 4 lasers should be operated by remote control whenever practicable, thus
€liminating the need for personnel to be physically present in the laser environment.

¢y 'Good room illumination is important in areas where laser eye protection is worn. Light-
coloured diffuse wall surfaces help to achieve this condition.

d) Fire, thermally induced aberrations in optical components, and the melting or vaporization
of solid targets designed to contain the laser beam, are all potential hazards induced by
the radiation from Class 4 lasers. A suitable beam stop should be provided, preferably in

the form of an adequately cooled metal or graphite target. Very high power densities can
be handled by absorbing the radiation over several reflections, each reflecting surface
being inclined at such an angle to the incident radiation as to spread the laser power over
a wide area.
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e) Special precautions may be required to prevent unwanted reflections in the invisible
spectrum from far infra-red laser radiation, and the beam and target area should be
surrounded by a material opaque at the laser wavelength. (Even dull metal surfaces may
be highly specular at the CO, wavelength of 10,6 um.)

Local screening should be used wherever practicable to reduce the extent of reflected

radiation.

f) The alignment of optical components in the path of a Class 4 laser beam should be initially
and periodically checked.

12.6 Outdoor and construction laser installations

12.6.1 Class 2 laser products

Wherever reasonably practicable the beam should be terminated at th seful path,

and the laser should not be aimed at personnel (at head height).

12.6.2 Class 1M, Class 2M and Class 3R laser products usé
alignment and levelling

laser equipment.

b) Areas in which these lasers are used should
sign.

< do not look directly into the beam
(prolonged intrabeam viewing can\ be(has 9 irect viewing of the beam through
optical instruments (the i c.)\mna 0 beyazardous, particularly for Class 1M and

Class 2M lasers that of Tab

e) The laser bea
be terminate

nd of its useful beam path and should in all cases
i (to NOHD) extends beyond the controlled area.

g) Precautions g an to ensure that the laser beam is not unintentionally directed
at mirror- s (but, more importantly, at flat or concave mirror-like surfaces).

12.6.3 Class 3B and Class 4 laser products

Class3B-and Class 4 lasers in outdoor and similar environments should only be operated by
personnel adequately trained in their use and approved by the laser safety officer. To
minimize possible hazards, the following precautions should be employed in addition to those
given in 12.6.2.

a) Personnel should be excluded from the beam path at all points where the beam irradiance
or radiant exposures exceed the MPEs unless they are wearing appropriate protective
eyewear and clothing. Engineering controls such as physical barriers, interlocks limiting

the beam traverse and elevation, etc. should be used wherever practicable to augment
administrative controls.

An alternative solution is to place the operator inside a local enclosure which provides
protection from errant beams and gives good all around visibility.

b) The intentional tracking on non-target vehicular traffic or aircraft should be prohibited
within the nominal ocular hazard distance.
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c) The beam paths should, whenever practicable, be cleared of all surfaces capable of
producing unintended reflections that are potentially hazardous, or the hazard area should
be extended appropriately.

d) Although direct intrabeam viewing of Class 3B lasers is usually hazardous, a beam may in
all cases be safely viewed via a diffuse reflector under the following conditions:

— minimum viewing distance between screen and cornea of 13 cm;

— maximum viewing time of 10 s.

If either one of these conditions is not satisfied, a careful evaluation of the hazard is necessary.

12.6.4 Lasers for surveying, alignment, and levelling

Lasers of Class 1 or Class 2 should be used for surveying, alignment,

and- levelling

Maximum permissible exposure values ar are set below known hazard levels,
and are based on the bestavai i perimental studies. The MPE values
should be used as guides i i gures, and should not be regarded as

different wavele s
lations of the ha

en a laser emits radiation at several widely
superimposed upon a CW background, calcu-

ould be assumed to have an additive effect on a pro-
g according to the MPEs of tables 6 and 8 provided that:

Table 5 — Additivity of effects on eye (o) and skin (s)
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 o**
400 nm to S s s
7400 nm
IR-B and IR-C o) o
1 400 nm to 108 nm s s s
* For definitions of spectral regions, see table B1.
** Where AELs and ocular MPEs are being evaluated for time bases or exposure durations of 1 s or longer, then
the additive photochemical effects (400 nm to 600 nm) and the additive thermal effects (400 nm to 1 400 nm)
shall be assessed independently and the most restrictive value used.
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Where the wavelengths radiated are not shown as additive, the hazards should be assessed
separately. For wavelengths which are shown as additive, but when the pulse widths or
exposure times are not within one order of magnitude, extreme caution is required (e.g., in the
case of simultaneous exposure to pulsed and CW radiation).

15.2 Limiting apertures

An appropriate aperture should be used for all measurements and calculations of exposure
values. This is the limiting aperture and is defined in terms of the diameter of a circular area
over which the irradiance or radiant exposure is to be averaged. Values for the limiting
apertures are shown in table 7.

For repetitively pulsed laser exposures within the spectral range betwgen_1 400_nm/ and
10° nm, the 1 mm aperture is used for evaluating the hazard from_@an individual pulse;

greater than 3 s.

NOTE The values of ocular exposures in the wavelength range 400 nm to g d over a 7 mm
diameter aperture (pupil). The MPE value is not to be adjusted to take into a ] i

13.3 Repetitively pulsed or modulated lasers

Since there are only limited data on multiple pulse ¢
the evaluation of exposure to repetitively pulse

exposure is determined b - ictive of requirements a) and b).
a) The exposure@n
single pulse.

c) The averge 3 pulses within a pulse train shall not exceed the MPE for a
[ i g correction factor Cs.

a pulse train shall not exceed the MPE for a

S aypulse train are to be averaged over the same emission duration which was used
to determineV. £ aged pulse exposure is to be compared to the reduced MPE;,,;, as specified below:

MPE(rain = MPEgingle * Cs’
where

MPE¢rain = MPE for any single pulse in the pulse train
MPEgingle = MPE for a single pulse

Cs = N-1/4

N
In some cases this value may fall below the MPE that would apply for continuous exposure

number of pulses expected in an exposure.

at the same peak power using the same exposure time. Under these circumstances
the MPE for continuous exposure may be used.

* Cs is only applicable to pulse durations shorter than 0,25 s.



https://iecnorm.com/api/?name=77cea969a0f41b3274bbe6858125ad80

60825-1 © IEC:1993+A1:1997 51—
+A2:2001(E)

If pulses of variable amplitude are used, the assessment is made for pulses of each
amplitude separately, and for the whole train of pulses.

The maximum exposure duration for which requirement c) should be applied is T» in the
wavelength range from 400 nm to 1 400 nm (as defined in notes to tables 1 to 4) and 10 s
for longer wavelengths.

NOTE 2 Cs is only applicable to individual pulse durations shorter than 0,25 s.

NOTE 3 If multiple pulses appear within the period of T (see table 9) they are counted as a single pulse to
determine N and the radiant exposure of the individual pulses are added to be compared to the MPE of T,
provided that all individual pulse durations are greater than 10-9 s.

NOTE 4 The exposure from any group of pulses (or sub-group of pulses in a train) delivered in any given time
should not exceed the MPE for that time.

NOTE 5 |In cases of varying pulse widths or pulse intervals, the total-on-time-pulse (FQTP) method\ may be
used in place of requirement c). In this case, the MPE is determined by the duration ¢f the TQTP,.which is the
sum of all pulse durations within the exposure duration or T,, whichever is smaller/R| \

than T;, are assigned pulse durations of T;. If two or more pulses occur within, 8 N\these pulse
groups are assigned pulse durations of T,. For comparison with the MPE fo € \ng diwation, all
individual pulse radiant exposures are added.

This method is equivalent to requirement c) when the average radiant € ¢ i pared to the
MPE of a single pulse multiplied with Cs.

13.4 Measurement conditions

In order to evaluate the actual exposure, the t conditions shall be

applied.

13.4.1 Limiting aperture

The values of radiant exposure or irradiange.tot
averaged over a circular ap 8 cc to
exposure in the wavelengt z 400 nhdo

of 100 mm shall be use

red to the respective MPE shall be
iting apertures of table 7. For ocular
400 nm a minimum measurement distance

13.4.2 Angle

i)

Photochemical re

Yp =11 mrad
Yp =1,110.5mrad
Yp = 110 mrad

If the,_angular subtense of the source a is larger than the specified limiting angle of
acceptance yp, the angle of acceptance should not be larger than the values specified
fory,. If the angular subtense of the source o is smaller than the specified limiting angle of
acceptance yp, the angle of acceptance shall fully encompass the source under
consideration but need otherwise not be well defined (i.e. the angle of acceptance need
not be restricted to yp).

NOTE For measurements of single small sources, where a <y, it will not be necessary to measure with a

specific, well-defined, angle of acceptance. To obtain a well-defined angle of acceptance, the angle of
acceptance can be defined by either imaging the source onto a field stop or by masking off the source — see

figures 16a and 16b of 9.3 respectively.
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ii) All other limits

For measurement of radiation to be compared to limits other than the retinal photo-
chemical hazard limit, the angle of acceptance shall fully encompass the source under
consideration (i.e. the angle of acceptance shall be at least as large as the angular
subtense of the source a). However, if o > anay, in the wavelength range of 3025 nm

to 4 000 nm, the limiting angle of acceptance shall not be larger than anax (0,1 rad) for the
thermal hazard limits. Within the wavelength range of 400 nm to 1 400 nm for thermal
hazard limits, for the evaluation of an apparent source which consists of multiple points,
the angle of acceptance shall be in the range of ayin < Y < amax (see 8.4 d)).

For the determination of the MPE for non-circular sources, the value of the angulaf
subtense of a rectangular or linear source is determined by the arithmetic mean of the two

retinal photochemical hazard limits do not depend on the angul
and the source is measured with the angle of acceptance as spé

Cs
Ce =
Ce

|
3
Q
3
5
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Table 6-<Maximum permissible exposure (MPE) at the cornea for direct exposure to laser radiation a; b, ¢

b The MPEs for expo

Exposure
tf';“: 10-13 10-11 10-0 107 1,8 x10-55 x10-5| 1 x 10-3 10 102 103 104
Wave- to to to to to to to to to to to
lenath 10-11 109 10-7 1,8 x10-5 | 5x10-5 |1 x 10-3 10 102 103 104 3 x 104
9
Ain nm (\
180 to 302,5 / / 30 qm%
C -2
302,5 to 315 3 x 1010 W2 <T t>T, \ s C, Jn—2
G T
315 to 400 (  C cdm2 N ) 104 J m-2 10 W m-2
\ Retinal photochemical hazarg
/1éo C; Jn-2 1 C; Win-2 1 C; Win-2
using using using
¥ =11 mrad ¥ =1,1t05mrad ¥ = 110
mrad
ANDA
400 to 7009 | 1,5 x 10~ Cg JM~2 | 2,7 x 104 t0.75 Cg J[in~2 5x10-3 i) -
Retinal thermal hazard
a < 1,5 mrad: 10 Wih-2
a >1,5 mrad: 18 Cg 737025 W2
d
(t<Typ) (t>Tp)
[\ 18 t 0.75 Cg JIin-2
20010 1 050 | 15 %[107% C4 Co 2,7x10410,7504@ 5\<1073 %w\ N7 0.7 o T / a < 1,5 mrad: 106, C; Win-2
J -2 J—2 /\ >1,5 mrad:18 C, Cg C; [,~9-25 W2
1050 1,5 x[10-3 C5 C 2,7 x 105 ¢ 0.75 C4 C \{ NG
o 20 [ 6 C7 ; ot 6 <,\ x M2 Cg C\JI-2 90 Ce 7 %ké}) (t>T,)
18t ,75/% Cg C7 JIn—2
1400 to 1 500 1012 W -2 ’ \ 103 Jin-2 |5 600 §/0.25 JEFZ /
1500 to 1 800 1013 W -2 N N\ 104 Jmn-2 /
1000 W2
1 800 to 2 600 1012 W2 ¢ \ \ 103 JIf-2 |5 600 ¢ 0.25)/n-2 A
2 600 to 106 1011 W2 N\ 100 Jm-2] 5 600 ¢ 0.25 J[fn-2 )
a For correction factofs and units, see "Notes to tab 1 to &,
bure times below 10-92 s and for wavelendths less than 400 nm and greater than 1 400 nm have been Yepiwed by cal€ulating the equivalent irradiance from
ev

the radiant exposur
¢ The angle y, is the

d In the wavelength ri
apply for exposure
dual photochemical

B limits at 10-2 s. The MPEs for exposure times below 10-13 s are set to be equal to the equivalent irradia
imiting angle of acceptance for the measuring instrument.

bnge between 400 nm and 600 nm, dual limits apply and the exposure must not exceed either limit applicable. Normally_ photochemical hazar
durations greater than 10 s; however, for wavelengths between 400 nm and 484 nm and for apparent source sizes between 1,5 mrad and §2 mrad, the
hazard limit of 100 C; J m=2 shall be applied for exposures greater than or equal to 1 s.

es.of the MPEs at 10-13 s.

f limits only

(3)L00Ccv+

,661l:1V+€661:031 © L-52809
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Table 7 — Aperture diameter applicable to measuring laser irradiance and radiant exposure

Aperture diameter for

Spectral region -

nm Eye Skin

mm mm

180 to 400 1 3,5

> 400 to 1 400 7 3,5
1 for t<0,35s

> 1400 to 105 1,5 t3/8 for 0,35s<t<10s 3,5
3,5 for t>10s

> 105 to 106 11 [N

Table 8 — Maximum permissible exposure (MPE) of skin to {s\e\%i%ﬁ

Exposure
time t
S
Wave- <10-9 109 to 10-7 [10-7 to 10-3 -3 {0 10 to 103 103 to 3x104
length A
nm ~
180 to 302,5 A\)/3Nm1\< N
) Gottin-2
(t>Ty)
302,510 315 | 3x1010 W-m-2 C, Jin-2
C1 JIIh—Z
(t>Ty) N\
315 to 400 i /\\ \\ty JIIh\iv 104 Jim-2 | 10 Win-2
400 to 700 261011 W2 NN r@o\@\K ) 1,1x104 £0.25 J(n-2 2 000 W-m-2
700 t0 1400 | 21071 C, \/hm\*‘i/ ok\m 2 1,1x104 C, £025 J{in-2 2 000 C, W2

1400 to 1 500

5 600 t0.25 J[m—2

1500 to 1 800

N SN

1800 to 2 600

N 8 Jimn-2

5600 t0.25 J[i—2

1 000 Wih-2 3)

2600 to 10°

100 J—2

\\

5 600 t0.25 J[m—2

There is
have been

For exposed.skin areag’greater than 0,1 m2, the MPE is reduced to 100 Win—2.

Between 0,01 m2 and 0,1 m2, the MPE varies inversely proportional to the irradiated skin area.



https://iecnorm.com/api/?name=77cea969a0f41b3274bbe6858125ad80

1041

10° -

10~

C, = 5,6 X 103 %

1 1 L)

107°

Figure 1 — Correcti
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t(s)—

on factor C4 for emission
rom102sto10s

¢

N

7-1 - 100,8 (A =~ 295) X 10-15 s

1 1 J

N

300

Figure 2 — Breakpoint T4
for A =

302,5 nm to 315 nm

104
C, = 1002144

102~

295)

J

e’3 — Correction factor,
of- A= 302,5 nm to 315 nm

Y

; f 1 1
305 310 315 300 305 31
A (nm)—= A(nm) ——=—
329/84 330/84

C2

316

(3)L00C:¢v+

/661:LlV+£€661:031 ©® L-G2809


https://iecnorm.com/api/?name=77cea969a0f41b3274bbe6858125ad80

— 56 - 60825-1 © IEC:1993+A1:1997
+A2:2001(E)

T,=10 0<a<1,5
'['2 =10 x 10[(a-1,5 mrad)/98,5] 1,5<a<100
T,=100 o> 100

100 g

T, s 10

0 20 40 60 100

IEC 2503/2000

Figure 4 — Breakpoint T for sour: ze O

@@
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Cs=1 for (400 < A < 450)

C3 = 100.02(2-450) for (450 < A < 600)

-5
P
[«>]
[«)]
P

1000

IEC 2504/2000

factor C3 for A = 400 nm to 600 nm
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C. = 100.002 (A-700)

— 4
700 800 900 1\\> 1 200 1 300 1400
A (nm) >
CEI-IEC 1207193

factof C4 for A =700 nm to 1 400 nm
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1
Cs
0,1 C5 _ N-0,25
001 1 1L i L L i 1 1 1 111t L Ll 1 11 141 1
1 10 100 1 000 10 000 100 800

Number of pulse

LIBCT 208/93

Figure 7 — Correction factor C5 shown for N (nu etween 1 and 100 000

@@
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G

J 1 1 1
1}00.) 100 1200 1 300 1400
A(nm) —>

CEI-IEC 1209/93

700

ure Co n factor C7 for A =1 050 nm to 1 400 nm
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Radiant exposure

(J.m™3) —=

10* vi 8 -1
t J/ [ t=10""s
@ Fyi t=10"3s
g = 10° —/ J/ [ t=10"5¢g
5E 7/ =105
g 2 0 T10°<t<10"s — T—10 %%
I Iy |
o e [ sm— e . n r Brm— lr " n ]
200 295 300 305 310 315 320 380 390 400

Wavelength A (nm) ———
336/84

Figure 9a — MPE for direct ocular exposure to ultra-violet{ad oN)
at selected emission durations from 10~9 s to

0* (\ &6 < 15400 nm
~N

| S <3125 nm

- g / \ =310 nm
~ =307.5 nm

. 1< (Y7 NN N =305 nm
L A g N\ 180< A £302,5 nm

10 \A \ \ \
( N
AN

A4 A N n 1 N
1072 107" 10¢ 10" 107 10°

Exposure duration t (s) ————m
CEI-IEC 1210193

ular exposure to ultra-violet radiation
109 s to 103 s at selected wavelengths
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10 000
1 000
o =100 mrad
a =50 mrad
=< 100 o =9 mrad
3
C
S
©
g \ o= 1’5 mrad /\
" N>
1 : : : ,<\\\\/
0,1 1 10 100 10 000 100 000
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Figure 10b — MPE for direct ocular exposure (Cg = 1) for exposure durations greater
than 1 s for selected wavelengths between 700 nm and 1 050 nm
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Figure 11b — MPE for ocular exposure at selected wavelengths
from 400 nm to 1 400 nm and Cg = 1
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Figure 14 — Warning label — Hazard symbol
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Annex A
(informative)

Examples of calculations

Symbols used in the examples of this annex:

Symbol Unit Definition

a m Diameter of the emergent laser beam.

AEL W, J, W2

or Jiin—2 Accessible emission limit.

a rad The angle subtended by an appareqt
reflection) as viewed at a point in@épas

as rad Angle at the eye subtending
a distance of ry = 100 mm.

Omin rad Minimum angle subtended

Omax rad
which th
(Omax

Cq,Cy,...,.C7 1 Correction fa s (sgeVotes to tables 1 to 4)

dy th st circle at a specified distance, r, from

ource {tWat contains u % of the total laser power
ase of a Gaussian beam, dg3 corresponds to
hers the irradiance (or radiant exposure) falls to 1/e

Deg oterofthe exit pupil of an optical system.

D, of the objective of an optical system.

n tion of the total laser power (or energy) collected through a

ecified aperture located at a specified distance, r, from the
apparent source.

F Pulse repetition frequency.

G 1 Square root of the ratio of retinal irradiance or radiant exposure
received by an optically aided eye to that received by an
unaided eye.

H J—2 Radiant exposure or

E Wh—2 irradiance at a specified distance, r, from the apparent source.

Ho JMn—2 Emergent beam radiant exposure or

E, Wh—2 irradiance at zero distance from the apparent source.

Lo Jn—4I8r- ! Inftegraied radiance of an extended sOUrCe.

A nm Wavelength of laser radiation.

M 1 Magnification of an optical instrument.
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Symbol Unit Definition

Hwmpe Jm—2 Maximum permissible exposure

or

Empe Wii—2

V] m~1 Atmospheric attenuation coefficient at a specified wavelength.

N 1 Number of pulses contained within an exposure duration

NA 1 Numerical aperture of a laser source.

NAm 1 Numerical aperture of a microscope objective

NOHD m Nominal ocular hazard distance.

oD 1 Optical (transmittance) density defined as the/logarithm tovbase 10
v, 845-04-66;
iameters)

P, w Qr Average

Py w

Q rad

T 1

Q J

r m Distanc

aperture, 0
r m Distance
aperture.

1, max

t

T

Ty, T

Wo

1/e2 points of the optical power distribution (see also
731-03-65)".

* |EC 60050(731):1991, International Electrotechnical Vocabulary (IEV) — Chapter 731: Optical fibre communication.
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A.1 Maximum permissible exposure (MPE) — Introduction
The maximum permissible exposure is defined in 3.51 as the maximum level of laser radiation

to which living tissues (persons) may be exposed without suffering consequential injury either

immediately after expnosure. or later in time. Maximum permissible exnosure values are set
J Lag Y ™ ™

below known hazard levels. However, the MPE values should be regarded as guides for safe
exposure, rather than as sharp dividing lines between safe and unsafe levels of exposure.

The MPE values are dependent upon:

« the wavelength of the radiation;

« the exposure time or pulse duration;

« the spectrum of wavelengths, when the tissue is exposed to more than avelength;
« the nature of the tissue exposed;

» the angular subtense of the source (which determines the sj
wavelength range from 400 nm to 1 400 nm.

The examples presented in this annex illustrate the caf i s for intrabeam
viewing, for diffuse reflections and extended sources, amnd adldlated exposures.
gavelengths and other

A.2 Maximum permissible exposure d multiple small sources
Small-source viewing occurs when the\ang of the source is < ayjn. The following
three examples illustrate for single and multiple small-source

viewing conditions.

Example A.2-1
Calculate the MI@ 9 i er, A = 325 nm, with an emission duration of 0,1 s.

Solution:
The MPE values n table 6. At the intersection of the wavelength range from
315 nm posure duration column 1 x 103 s to 10 s, the MPE is found to be

C1=5,6x103 x 1025
Hyvpe = 5,6 x 108 x 0,10:25 yim—2 = 3,15 x 103 J—2
In*terms of irradiance obtained after dividing by t,

Empe = 3,15 x 104 W2,

Example A.2-2

Determine the maximum permissible single pulse exposure for a pulsed ruby laser,
A = 694 nm, with an exposure duration of 103 s.
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Solution:

In table 6, the MPE is found at the intersection of the wavelength range from 400 nm to
700 nm and exposure duration t =5 x 10~° s to 10-3 s. The MPE value then is

Hmpe = 18 x t0.75 x Cs Jn—2.
For intrabeam viewing of a small source, a < apyin, and Cg = 1 (see notes to tables 1 to 4).

Thus,

Hupe = 18 x (1073)0.75 x 1 Jlin=2 = 0,10 J(En—2

Example A.2-3

What is the MPE for a single-pulse of a gallium-arsenide laser,
of 100 ns?

Solution:

and exposure duration t =107 s to 1,8 x 102 s.
given by

) dser diode array source. The source consists of two rows of 10 diodes
each that are-mweunted\behind collimating optics. The source has an output power of 6 W and a
pulse repetition frequehcy F of 12 kHz. The pulse duration is 80 ns. The exit aperture (collimating
lens) is S\em in diameter and the emergent beam diameter is 3,5 cm at the 1/e peak irradiance
points((iye., a 3,5 cm circular measurement aperture would collect 63 % of the beam power). The
axial_ beam irradiance (average) at a distance of 1 m is 3,6 x 103 W-m-2. The beam divergence is
25 mrad horizontally by 3 mrad vertically, and at a distance of 1 m from the exit aperture, the
beam size is approximately 3,0 cm by 3,8 cm, respectively.

An intrabeam photograph (using infrared film) taken at a distance of 1 m from the exit
aperture reveals that each diode subtends a projected line image 2,2 mrad long and less than

0;5mrad—across—Each—diodes—separatedbyamangteof 3;0mrad—centrestorcentre;andthe
two rows are separated by an angle of 2,3 mrad (see figure A.1). Using an infrared image
converter with an OD 4 filter to reduce glare, it is revealed that these angular separations are
constant from all viewing distances between 10 cm and 2 m (this behaviour is explained in
chapter 15 of Sliney and Wolbarsht, Safety with Lasers and other Optical Sources, New York:
Plenum Publishing Co., 1980).
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Solution

The MPE applicable to the laser diode array is the most restrictive MPE resulting from an
evaluation of each individual source and each possible grouping of the array of diodes.
However, the evaluation can be greatly simplified by using the conservative assumption that

all the radiant power originates from a single point source. This would always oversiate the
hazard, and if it did not result in overly restrictive control measures, the more complex
analysis of the extended source would not have to be performed.

The determination of the applicable (most restrictive) MPE requires a trial-and-error approach,
since the MPE for a single diode, two adjacent diodes, a group of three or four, etc., and.the
entire array is to be calculated; recognizing that in each case the power or energy is averaged
over the angular subtense a applicable to that grouping. It is useful to draw a maprof the
source to study different combinations of diodes (see figure A.1). The ber of pulses
N in a 10 s exposure is 120 000.

The single pulse MPE for the multiple-pulse assessment is gj»
80 ns pulse) the following:

HMPE train = C5 % 5 x 1073 C4Cg J-m<

adiance of the beam, it is
of radiant exposure) as an

In order to compare the single puls®
convenient to express the above MPE
irradiance averaged over F pulses per

The single puIse@

exposure) the followq
=18 x t0.75 C4 Cg J-m—2
=18 x 100,75 x 2,57 Cg J-m—2
=260 x Cg J-m~2

The above MP
averaged over'the

essed as a radiant exposure, can also be expressed as an irradiance
£0/s exposure as follows:

EmPE,avg = HMPE avg/t
=260 x Cg J'm=2/(10 s)
=26 x Cg W-m—2

Since Cg depends only on the angular subtense of the diode group, it has the same value in
the equations for Eypg trainF and Eypg ayg cOnsequently, for this example EypE irainF IS

always the most restrictive.
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Single-diode group
The individual diodes subtend angles of 0,5 mrad (vertical) and 2,2 mrad (horizontal). The

MPE for rectangular sources is determined by the arithmetic mean of the two angular
subtenses. As stated in 13.4.2, before determining the mean, any angular subtense less than

T,5 mrad or greater than 100 mrad should be replaced by 1,5 mrad or 100 mrad, respectively.
Therefore the mean is as follows:

(1,5 + 2,2)/2 mrad = 1,85 mrad

This value is greater than 1,5 mrad, thus the individual diode is considered to be an extended
source and the correction factor is Cg = 1,85/1,5 = 1,23. The applicable MPE is as follows;

EMPE,diode = EMPE,train,F = 8,28 x 1,23 W-m-2= 10,2 W,

This MPE is not applicable to the total irradiance, but rather the
diode. Assuming that all diodes have the same power emission, thi

A plausible group of the array to consider\s i adjacent diodes subtending
angles of 0,5 mrad (vertical) by 5,2 ] i Replacing 0,5 mrad by 1,5 mrad as
stated in 13.4.2, the arithmetic mean
3,35 mrad. The correction factor i and the applicable MPE is as follows:

EmpE, pr,

Since the irradi
to be compared

Another sub-unit of the array to consider is two vertical diodes subtending angles of 2,8 mrad
(verticaBby 2,2 mrad (horizontal). The arithmetic mean of the two angular dimensions
is 2,56'mrad. Hence the correction factor is Cg = 2,5/1,5 = 1,67. The applicable MPE is as
follows:

EmPE,vert,two = EMPE,train,F = 8,28 x 1,67 W-m—2 = 13,8 W-m-2

The irradiance of this grouping is twice the irradiance of the single diode. Hence this MPE has
to be compared with the following:

Etwo = Ediode X 2 =180 x 2 W-m-2 = 360 W-m—2

At a distance of 1 m, the hazard factor is 360/13,8 = 26,1. Hence, this grouping produces a
greater hazard factor than the previous one.
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Four-diode group

Another plausible sub-unit of the array to consider is four adjacent diodes (2 by 2) subtending
angles of 2,8 mrad (vertical) by 5,2 mrad (horizontal). The arithmetic mean of the two angular
dimensions is 4 mrad. Hence the correction factor is Cg = 4/1,5 = 2,67. The applicable MPE is

as follows:

EMPE four = EMPE train,F = 8,28 x 2,67 W-m—2 = 22,1 W-m-2

Since the irradiance of this grouping is four times the irradiance of the single diode, this MPE
has to be compared with the following:

Efour = Ediode X 4 = 180 x 4 W-m—2 = 720 W-m-2

At a distance of 1 m, the hazard factor is 720/22,1 = 32,5. This gr q hazard

factor greater than all the previous ones.
N
N\
% CEI 1216/93

Figure A.1 — Laser diode array with two groupings

One rowtof10 diodes

Another’ interesting grouping to evaluate is one entire row of 10 diodes subtending angles
ofi0,5 mrad (vertical) and 29,2 mrad (horizontal). Replacing 0,5 mrad by 1,5 mrad, as stated
inv13.4.2, the arithmetic mean of the two angular dimensions is (1,5 + 29,2)/2 mrad = 15,3 mrad.
Hence the correction factor is Cq = 15,3/1,5 = 10,2.

EMPE ten = EMPE train,F = 8,28 x 10,2 Wiin=2 = 84,5 W2

Since this grouping contains 10 diodes, this MPE has to be compared with the following:
Eten = Ediode * 10 =180 x 10 W-m-2 = 1 800 W-m—2

At a distance of 1 m, the hazard factor is 1 800/84,5 = 21,3.
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20-diode group
The last grouping to be considered in this example is an evaluation of the entire array of

20 diodes. Since the diodes are arranged in two adjacent rows, the vertical angular subtense
is identical to that in the four-diode group, i.e. 2,8 mrad, and the horizontal angular subtense

IS 29,2 mrad. The average Is 16 mrad, the correction factor 1Is Cg = 16/1,50 = 10,7 and the
applicable MPE is as follows:

EMPE,twenty = EMPE,train,F =8,28 x10,7 W2 = 88,3 Wiin~2

At a distance of 1 m, the hazard factor is 3 600/88,3 = 40,7. This is the largest hazard factar
found in this example.

It can be shown by calculations that other groups, such as three horizont djacent diodes,
six adjacent diodes (2 x 3), etc., give hazard factors smaller than 40,7. Thereforex40,7 is the
hazard factor to be used to evaluate the hazard of this array.

Additional remarks

The hazard factor of t

Thus, Cg = 11,5/<>=

Eeight = Ediode X 8 = 180 x 8 W-m-2 =1 440 W-m-2

The hazakd factor of this grouping is 1 440/63,5 = 22,7. Since 22,7 is the greatest value, it is
to be-cohsidered as the hazard factor for this array.

The fact that the whole array gives a hazard factor smaller than the hazard factor of the eight-
diode group does not mean that the whole array, i.e. the assembly of 20 diodes, is less
hazardous than the assembly of eight diodes. The meaning of this apparently strange result is
that, in this specific case, the correct evaluation of the hazard is not obtained by considering
the 20 diodes as one uniform source subtending an angular subtense of 29,5 mrad, but is

given by the analysis of the parts that form the array itself. This is due to the fact that the
whole source is not uniform.
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Required optical density

To protect the viewer at a distance of 1 m, an attenuation factor of 40,7 would be required in a
protective filter. An optical density of 1,7 corresponds to an attenuation factor of 50 and would
provide adequate protection from this laser at a distance of 1 m.

In general, it is also necessary to ensure that the filter can withstand the level of radiation
power because, although the filter may have a sufficient optical density, it might be damaged
by the radiation, and thus lose its capability to protect.

Using the simplistic approach of a point source approximation instead of the group
calculations, the MPE for the entire array would be equal to 8,28 W-m-2. Thus, at a distance
of 1 m, the point source approximation results in the irradiance exceeding the MPE" by
3 600/8,28 = 435 times, requiring an OD of log 435 = 2,64 or more. exthat_the" point
source approximation results in the hazard being estimated at morg\} e, times the
hazard obtained by the more accurate approach of grouping diodes.

Use of an optical device

. However, for the
is considered.

Normal telescopes and binoculars cannot focus objects at 2
purpose of this example, the use of a 3x-power device to
This requires the following additional analysis.

perform the calculation as previously
the angular dimensions and the power ¢

collect the radiation (se
e.g. the horizontal one

should be reduced to a

the acceptance {rﬁ% .
determining the 9
However in this spg

Considering the_ai ; this optical device, the analysis of the different diode
groups sho ighe palue of the hazard factor is given by the group of the whole
Odi N 122, requiring an additional optical density of log 122 = 2,1.

It should be _no tih other situations the evaluation is simpler when the source is
is larger than the aperture of the 3x-power optical device and when
the angular. subten of each grouping (the whole array included) are between apin and amax
for both.the aided and unaided viewing. In fact, in this case the optics would collect about
nine_times as much power, but the source would appear three times larger. Hence, since the
factor)Cg is three times greater, the hazard produced by this optical device should be three
times the hazard of the unaided viewing.

In this specific case, even if the source is not uniform, the hazard factor is about three times
the hazard factor for unaided viewing. However, in other cases, the results could be very
different.

Normally binoculars have a transmission of about 70 % at this wavelength, supplying 0,15 of
this additional optical density. Hence, the necessary optical density with 3x-power optics is:
oD =2,1-0,15 =1,95. Thus, an OD of 1,95 or more would provide protection for both aided
and unaided direct intra-beam viewing at a distance of 1 m from the exit aperture.
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A.3 Maximum permissible exposures (MPE) - diffuse reflections
and extended sources

Examples of extended source viewing are:

1) Laser radiation within the wavelength range 400 nm to 1 400 nm is reflected from a
diffusing surface (apparent source).

2) The image formed on the retina of the eye by the diffuse reflection is larger than a certain
minimum value of the retinal image, determined by the limiting angular subtense apins
where Opin is equal to 1,5 mrad.

The limiting angular subtense o, is measured at a distance of no less than400 mm_frem the

apparent source (see 8.4 c)).

Example A.3-1

The radiation from a Q-switched Nd-YAG laser (A = 1 064 nm, ded to form

where dg3 is the d'jm
a) In the limiting sas

Fi max - 002m a4

1,5x1072 rad

At distances greater than rq nax = 13 m, small source viewing conditions exist.

The’MPE for the specified exposure duration is given by (see table 6):
Hmpe = 5 x 102 x Ce x C7 Jn—2

where

C7 =1 for A = 1064 nm (see notes to tables 1 to 4). For the small source viewing
situation. a < amin. Cg = 1. and the MPE is

Hypg =5 x 1072 x 1 x 1 JIn=2 = 5 x 10-2 J[E—2
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b) At distances less than rq y5x = 13 m, extended source viewing conditions exist, and Cg =
alQmin for Omin < a < dmax = 0,1 rad. At the distance of r{ = 2,5 m,
d 0,020 m
o = 263

_ _ -3
B = 25m =8 x10 ° rad

a 80x107° rad

and Ce =
min 1,5x 1072 rad

=5,33

Hence, the MPE for viewing of the extended source at 2,5 m is

Hmpe =5 x 1072 x 5,33 x 1 Jh—2 = 0,27 Jn—2.

Example A.3-2
Find the maximum radiant energy from the laser in example A,

viewing of the output reflected from a perfect diffuser loca oss, from the
observer's eye.

Solution:

under this extended squrces ' obtained by first expressing the diffuse
reflection MPE as an i ‘ ccomplished by dividing the diffuse reflec-
the solid angle formed by the maximum angle of

tion MPE expressed as q
acceptance. W ‘ acceptance, Omayx, IS 0,1 rad corresponding to a
solid angle, Q, given A= 7,85 x 10-3 sr

and the diffuse ré

aPE = 8,5 x 103 X HypE, small src. J-m=2-sr-1

The integrated radtannce MPE for this problem is obtained by substituting the small source
MPE obtained in example A.3-2:

Lype = 8,5 x 103 x 5,0 x 1072 JE—28r~" = 425 JE—2(8r"

The integrated radiance of the diffuse reflection is related to the incident beam radiant
exposure at the target through the expression:

H=11><Lp

Hence, the radiant exposure sufficient to produce a hazardous reflection from a 100 %
reflectance, white diffuse target is

HMPE = TUSsr x LMPE Jmﬂ_ZBF_1 =1,34 x 103 JEh—Z
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Finally, assuming that the radiant energy is uniformly distributed over the area of the target
beam spot, A, the radiant energy sufficient to produce a hazardous reflection is

Quipe = Hyipe X A = Hype x 04 x d3; = 1,34 x 103 x 174 x 0,022 J = 0,42 J

Example A.3-3

Calculate the minimum safe viewing distance normal to a perfect diffusing screen if the output
from the laser in example A.3-2 is focused on the screen.

Solution:

In this situation, the radiation is reflected hemispherically outward from t
diffuse Lambertian target; therefore, small source viewing conditions dpp

from a Lambertian source, the radiant exposure is given by:

cos BD
H:ELZ H
Iy

where 8 is the viewing angle with respect to the normyal tg

al peint'on the
andistance rq

The maximum radiant [ererg xser_obtained in the previous example is 0,42 J,

and the specifiegavie d. Assuming that the target is also perfectly
reflecting, the m' '

0,42 J x cos (_02) —16m
11x 0,05 J [in

Example A.4-1

Determine the small-source MPE for accidental, direct ocular exposure to the radiation
from an argon laser (A = 488 nm) operating at a frequency of F = 1 MHz with a pulse duration
of t=10-8 s,

Solution:

As the laser is operating in the visible part of the spectrum and intentional viewing is not
intended, an exposure duration limited by the blink reflex to T = 0,25 s will be used. If
intentional viewing of radiation in the wavelength range 400 nm to 600 nm is intended for
exposure durations of 1 s or more, then the photochemical ocular limit should be evaluated, in
addition to the thermal limit, and the most restrictive gives the applicable MPE.
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Subclause 13.3 includes three criteria which must be considered, and the most restrictive one

applies to this evaluation. The value of Cg is 1 in these calculations since the beam is emitted
from a small source.

From 13.3a), the exposure from any single-pulse shall not exceed the single-pulse MPE.

Thus, the radiant exposure for the time period of 10-8 s from table 6 is
Hsingle =5 x 10-3 x Cg J'm=2 =5 x 10-3 x 1 J'-m=2 =5 x 10-3 J-m-2

From 13.3b), the average exposure for a pulse train of exposure duration T shall not exceéed
the MPE for a single pulse of exposure duration T. For the total 0,25 s exposure duratjon,
table 6 limits the radiant exposure to

Ht =18 10,75 Cg J-m-2 = 18 x (0,25)0.75 x 1 J-m-2 = 6,

Since there are N = 2,5 x 105 pulses in the 0,25 s period, thre_ad janeg criteria
results in a single pulse radiant exposure of

Hsingle-avg = HT/N = 6,36 /2,5 x 105 J-m

ahd the radiant exposure of the individual
f T;. Hence, the effective pulse repetition

pulses is added to be¢

frequency is:
3 N 18 x 10-6) = 55,56 kHz

The MPE for a p i given in table 6 as 5 x 10-3 Cg J'-m—2 =5 x 10-3 J-m—2,
The effective R\
Ve = T x Fg = 0,25 x 55,56 x 103 = 1,39 x 104

For Ng =11,39 x 104 pulses each of duration T; in the 0,25 s period the radiant exposure under
this criteria would be:

Hirain = Hsingle-eff % (Ng)-1/4=5x10-3 (1,39 x 104)-1/4 = 4,6 x 10-4 J-m-2
Conditions 13.3a) and 13.3b) are applicable to a pulse of energy, Q, while condition 13.3c) is

applicable to a pulse of energy = Q x T; x F = 18 x Q. Hence, dividing Hiain by 18 (to give
2.55 x 10-5 J-m=2) enables the three MPEs calculated from 13.3 to be compared. In this

example criteria 13.3b) and 13.3c), which are equal, are the most restrictive; the single-pulse
MPE for this system would be 2,55 x 10-5 J-m-2.
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Example A.4-2

Determine the intrabeam MPE for direct ocular exposure to the radiation from a Nd:YAG laser
(A =1 060 nm) operating at a frequency of F = 20 Hz with a pulse width of t = 1 ms.

Solution:

As the laser does not operate in the visible part of the spectrum, protection is not afforded by
the blink reflex. A reasonable estimate of a hazardous chance exposure time can be taken as
10 s. For this time period, the total number of pulses is:

N=TxF=10s x 20 Hz = 200

Subclause 13.3 includes three criteria which must be considered, and
applies to this evaluation. The value of Cg is 1 in these calculations gi

wavelength.

From 13.3a), the exposure from any single pulse shall not
the radiant exposure from table 6 for the time period of A

506 o -
=——JM % =2,53J[h
200

Since'\the limit from the repetitive pulse criteria of 13.3 c) is the most restrictive, the single
pulse”MPE for this system would be 0,135 Jh—2. The MPE could also be expressed in terms
ofiirradiance as:

-2
_ Hyain _ 0,135 J0n

-2
Eyor = =135 W [in
MPE™ 4 107 s
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A.5 Nominal ocular hazard distance (NOHD)

The NOHD represents that range at which under ideal conditions, the irradiance and the
radiant exposure fall below the appropriate MPE.

The irradiance at a distance r from a laser source is given by:

r

4P ™

E =
1t (a+ rg)?

(1)

NOTE a and ¢ are measured at the 1/e points of the beam profile, when the beam profile is assumed to be
Gaussian. In practice only gas lasers produce beams having Gaussian profiles, most goli tate lasers having
distinctly non-regular multi-mode beam structures, and in this latter case the following fg

ur
L:le

r2

where / = radiant intensity (WBr~') (see 9.2 on measurements).

If I'is not known and cannot be measured, the value for P, in equationd
systems known to have a multi-mode beam structure.

sased by 2,5 for laser

The term e~Hr accounts for losses due to atmosphe
most purposes, simplifying equation (1) to:

nd’may be neglected for

(2)
When E is replaced with & NOHD and the expression can be solved
for NOHD:

(3)
If the effects of afmos are to be included, a simple solution to equation (1) in
terms of r, cannqt A

(4)

where
M is the distan

rc is thetdistance calculated from equation (3).

A reliable estimate for u, the atmospheric attenuation coefficient, can be obtained from the
following formula:

391 5500
v m

— 4073
H=10" x \

(5)

where

a

A=0,585 V933
V = visual range in km
A = wavelength in um (0,4 < A < 2).
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Use of optical viewing aids

Where viewing aids (telescopes, binoculars, etc.) are used to view a source of laser radiation,
it is necessary to extend the NOHD to account for the increase in radiation entering the eye.

If the diameter of the exit pupil of the optical viewing aid is not greater than 7 mm, the
increase in the amount of radiation entering the eye is dependent on the factor:

dlameter of objective lens or aperture of viewingaid D,

theoretical pupillary diameter 7 X 10

The extended NOHD now becomes

i alG
NOHD = basic NOHD xG +

NOTE The output from lasers of Class 1,
diffusing screen or non-specular target through
Example A.5-1

A laser with a Gaussia
and an exit beam dia

assuming neglig@ \

Solution:

(4%4) /10 1-0,001 = 0.7136-0,001
0,7x1073 0,7x1073

m=1,018 km

Example A.5-2

Beamexpanding optics are fitted to the laser in the previous example which reduces
the beam divergence to 0,1 mrad and increases the beam diameter to 7 mm. Calculate
the NOHD.

Solution:

The new NOHD is:

J(4x4)110m-7x1073
0,1 x107°

NOHD = m=7,07 km

Note the importance of beam divergence in determining the NOHD. Also note that in this
case, the beam exit diameter a can be neglected.
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Example A.5-3

The laser in example A.5-2 operates at 550 nm. Calculate the modified NOHD, assuming a
visual range of 20 km.

Solution:

The atmospheric attenuation coefficient, |, is obtained using equation (5):

391 055"

_ -4 -1
20 W,%H =1,95%x10 " m

1_1:10_3 X

The modified NOHD can now be obtained from equation (4):

ry = 0,5x7,07 (1 +e(195x107x7,07x10%) m =

NOTE An exact solution of equation (1) results in an NOHD of 4,3 km.
Example A.5-4

A surveying He-Ne laser (A = 633 nm) of output powér 3 m\\ke sam of initial diameter

Solution:

a) The output power P,
divergence is there

Hmpe = 18 t0.75 C6 J-m-2

Empe = 18 t-0.25 C6 W-m-2
2nd case: For an exposure duration t > T, and a < 1,5 mrad
EMPE =10 W-m-2

Thus, for this problem with an exposure duration of t{ > To the MPE is constant and
independent of exposure duration.

3rd case: For an exposure duration t > To and a > 1,5 mrad
EMPE =18 T2—0125 CG W-m-2

NOTE All correction factors are listed in the notes to tables 1 to 4. The irradiance expressions are often a
more convenient form for the solution of ranging problems.
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This is a small-source type viewing condition; therefore, a < amin, Ce = 1 and Ty = 10 s (it
should be emphasized that the source size is never the diameter of the laser output beam
unless the beam passes through a diffuser or the beam is emitted from a laser array).

This part of the problem is solved by equating the irradiance MPE expression given above
with the irradiance at a range r expression (i.e., equation (1)), and solving for the

exposure duration t. Thus, assuming that case 1 is valid (i.e., t < T»), then the maximum
exposure duration is obtained by solving the following expression for t:

4P
Evpe = 18 10,25 = ° 3
(a+r Q)
-3
18 £-0,25 = 4x3x10 =10,58 W [in~2

(0,013 + 60 x 10 ™#)?

—4
Thus t= H28H _g3ss
018 O

The exposure duration t = 8,38 s is less than Ty, so
second and third cases.

energy per pulse @, Jj€6 x 10-7 J;

beam divergence @is 10 mrad;
effeCtive exit aperture diameter (equivalent circular section beam) is 55 mm.

Assuming the laser has a Gaussian beam profile, assess the NOHD for this instrument

a) for viewing by the unaided eye, and
b) when using 8 x 50 binoculars.

Solution:

a) Unaided eye condition

There are three stages to this assessment for a pulsed laser source; the first two are on
the basis of the pulses entering the eye, and the third is determined by the accumulative
and averaged effects of a multi-pulse exposure.
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In this example, it is assumed that the subtense a is less than a,j, and for a small source
Cg = 1. If there is no intentional viewing, the exposure time to be used is 100 s; during this
time the number of pulses is:

N=Fxt=300Hzx100s =3 x 104

Single-pulse assessment

From the laser specification 700 nm < A < 1 050 nm, the pulse width t, is given by
30 W x t, =6 x 10~ J, thus t, = 20 ns.

Table 6 gives the single-pulse MPE for this radiation with the exposure time of 20 ns,.as:
Hmpe = 5 % 10-3 C4 C6 J—2

where C4 = 10(903-700)/500 = 2 55 and Cg = 1.

Multiple pulse assessment

From 13.3c), the average exposure from pulses within ap i Y exceed the
MPE for a single pulse multiplied by the correction 4 X 5 = N-1/4). The
maximum exposure duration for which requiremeg S ¢ plied is T, in the

gshold for a reduced single pulse is exceeded, the range
e is used:

1 O 4P, a
—_x0—"Y 30
¢ H ™EMPE train [

O O
'NOHD = 1><D 4% 30 -0,0550=-3,39m

001 A nix8,61x10%

This value of ryonp is negative. Thus, according to the multiple-pulse assessment, it is
safe to suffer exposure to this laser beam at any range, on the basis of the reduced
single-pulse value.

Average exposure assessment

The MPE for an exposure duration of 100 s is obtained from table 6. Since a < 1,5 mrad
T, = 10 s, therefore the condition t > T, applies:

EmPE, avg = 10 C4 C7 W-m—2
where C4 = 2,55 and C7 = 1.
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The limit for the average irradiance of the pulse train (see 13.3) is the following:
EmPE, avg = 10 x 2,565 x 1 = 25,5 W-m~2

The average power of the pulse train is:

Pavg=prtp><F=30W><20><10‘9s><300Hz=1,8><10‘4W

Therefore the limit for the distance is

O O
FNomD= - X O 4P g
® MEvpEavg O

ol4x18x107*
%255

O
-0,0550=-5,
0

U

1
'NOHD = 001 X

th strument is
safe for viewing by the unaided eye at any distance. Lherefore; instrument when

only viewing by the unaided eye is involved, the app e NO

The range ser at which the single-pulse irradiance falls to 1,69 x 103 W-m-2 is
given by
O O
I'NOHD = ' 40 4%30 -0,0550=9,5m

0,01 x1,69%x103

It is consequently hazardous for this laser instrument to be viewed with binoculars at
distances of less than 9,5 m.

This example serves to illustrate the wide hazards involved in using invisible radiation
lasers in open areas. Because of the requirement for 50 mm diameter collecting optics in

classification, the above mentioned laser product would be classified as Class 3B.
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Example A.5-6
A neodymium-glass Q-switched laser rangefinder has the following characteristics:

wavelength = 1 060 nm;

peak power per pulse P, = 1,5 MW;
energy per pulse Qp = 45 mJ;

pulse repetition rate = 12 per minute;
exit aperture beam diameter = 10 mm;
beam divergence angle = 1 mrad.

What is the effective NOHD on the basis of the single-pulse threshold (a] posute of the
unaided eye, and (b) when intrabeam viewing through 50 mm diamg ' & involved?
(Effects of beam attenuation or refractive focusing due to atm ssion are
neglected in these calculations.)

Solution:

a) Unaided eye condition

—
>
o

©
=
(7]
o
3
o
~
>
~

©
o
W)
S5
o
0]
o
o
(@]
=
)
~—
[
o
—h
=
o
3
—_
>
(]
(9]
O
>
Q
1

45 x 10-3

giving t, = 30 ns (i.e. 1079 < f, <
0,2 Hz.

The intrabea
Single-pulse@
From table 6,
MPE = 5 x 1072 Cg C7 J-m™2
where
HWMPE, single = 5 x 1072 J-m~2
Average irradiance assessment (condition 13.3b))
From table 6, the MPE for the exposure duration of 100 s is
Hyppe = 90 x 10,75 Cg C7 J-m—2

where Cg = 1 and C7 = 1. There are 20 pulses in 100 s, therefore the average MPE per

Irmlqn is

90 x100%7%
20

HwmPE, average = =142 J 2
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Multiple-pulse assessment (condition 13.3c))

The maximum exposure duration for which requirement c) should be applied is T, in the
wavelength range 400 nm to 1 400 nm, where T, = 10 s for a < anyin. Therefore, the

correction factor N=1/4 = (10 x 0,2)-1/4 = 0,84 is used to calculate Hypg train:

HMPE, train = HMPE, single N /4 =5 x 1072 x 0,84 = 4,2 x 1072 J-m—2

The conclusion is that condition 13.3c¢) produces the most restrictive MPE per pulse and there-

fore, Hype = 4,2 x 1072 J-m—2 for intrabeam viewing. The range equation of the previdus
example can be used to calculate rnyonp; however, because the mode structure ef, this
solid-state laser is not specified, the pulse energy should be increa y a facter 2,5.

Therefore,
g t
rNOHD=lXD—4XZ’5xQ -al
¢ B ™HupE train

_ 1 Blax25x45x107°
'NOHD = X
x4,2x10°,

oo

1073

The NOHD for the rangefinder is t

If a 10 % transmission filter is fitted i this instrument, the NOHD is
reduced. In this case, using the preyi i Qr rnoHD the energy per pulse must be

O

O £
2 _ g/ mm q =196 x1072

_EEOmm

The«equation for the multiple-pulse assessment, modified by the insertion of the gain
factor 1,96 x 10~2, gives the following result for the NOHD:

1 %/ 4x25x45x1073 a
3 X

> 5 -0,018=1318 km
10~ X196 x10 2 x4,2x10" E

'NOHD =

Thus, in view of the very short pnlqp duration for this laser while a tplper‘npir‘ Q\/prm is

used, even the briefest exposure of the eye to the laser radiation is hazardous at
distances less than 13,18 km from the laser.
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A.6 Accessible emission limits for diverging beam, small sources
Introduction:

Intfrabeam viewing conditions exist whenever the conditions of extended source viewing are

not met, i.e., whenever the apparent source (e.g. approximately the beam waist for beams
with high divergence) forming the retinal image appears at an angle a not larger than the
limiting angular subtense angj, when determined at the measurement distance (not less than
100 mm). Examples of such sources are laser beams (collimated or focused), beams through
a small aperture, optical fibre ends, or the emitting surface of a semiconductor laser.

he small source is
he.Gaussian

All of the examples in clause A.6 assume that the beam emerging from
diverging (i.e., not collimated) and that the far-field beam profile is Gaugsian.
approximation simplifies calculations and works well as a conservajiV i
divergent beam sources (e.g., optical fibre). In addition, all of the
intentional viewing is not inherent in the design or function
therefore, the time base is 100 s (see 8.4 €)).

Diameter of a divergent beam

perform AEL and MPE calculations involving an a
beam sources will specify the divergence in ter [

and

For a Gaussian bea
points contains o

from the apparen

r tan% =a+2r tan (arcsin (NA))

rather than th&s95 % Roints. The conversion factor for a Gaussian beam is 1,7 (i.e., dg5/dg3 =
1,7); hence, the béagy’diameter is approximated by:

S

2rNA

_Gos _2r tan (arcsin (NA)) a7

63747717

(1)

A single-mode optical fibre is a special case of a point-type optical source. The divergence of
a single-mode fibre is specified in terms of the fibre mode-field diameter, w,, and the
wavelength, A, of the source. The beam diameter of a single-mode optical fibre, at a distance r, is
approximated by:

22 r A

W,

de3 = (2)

where the wavelength, A, is expressed in the same units as the mode-field diameter, w,.
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Power passing through an aperture

Many of the classification procedures require the measurement of the power (or energy)
passing through a specified aperture located at a specified distance from the apparent source.
For a Gaussian beam, the fraction of the total power (or energy) passing through a circular

anerture of diameter d.at o distance r can he axnrassed intarms of 2 counlina narameter
Lod 3 d) I Lad Lad J F

Og, &

o ol

n= (3)

where dg3 is the beam diameter, determined at the 63 % points (i.e., 1/e points for a Gaussian
beam) at the aperture distance. The total power (or energy) passing through-the aperture-is

Pa=n Py or Qa=n Qo (4)

where P, is the total power (and Q, is the total energy) emitted f 8 tsodrce.

Example A.6-1
An optical-fibre transmitter emits at a wavelength o 00 pm core diameter
multi- mode flbre with a numerical aperture of 0,3. | th ' operated in CW mode,

a) Class 1, and
b) Class 1M.
Solution:

a) Class 1
The time base.use
emission in ’/@.
range from 10787t
by the expressio

is 100 s. Table 1 indicates that the AEL for
to 1 050 nm with an exposure duration in the

€ 0 < Umin then To =10 s and t> To. From table 1
PagL = 3,9 x 10—4 C4 C7 W

where
C4=2,C7 =1 and hence Ppg = 7,8 x 104 W

The measurement specifications given in 9.3 indicate that the Ppg| for a source that failed
condition 2 of table 10 must be compared to the power collected though a 7 mm aperture
at a distance of 14 mm from the source. In this example, the beam diameter at the
measurement distance is

Goy = 2TNA _2x14x03 o0

1,7 17

and all of the emitted power will pass through the 7 mm measurement aperture. Therefore,
the maximum Class 1 output power is the Payg| value of 0,78 mW.
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This maximum total output power value is for CW operation. In the case of a digital
transmission with a duty cycle of 50 %, the pulse power of a single pulse in the train may
be up to twice the CW power derived above (depending on the characteristics of the pulse
train (see 8.4f)) repetitively pulsed or modulated lasers).

b) Class TM

If the level of radiation as determined according to table 10 is larger than the AEL of Class 1
for condition 1 or condition 2 and less than the AEL of Class 3B, but the level of radiation
measured with an aperture stop of 7 mm diameter at a distance of 100 mm from the
apparent source is less than or equal to the AEL of Class 1, the laser product is assigned
to Class 1M.

In this example, the beam diameter at the measurement distance of 100

-3
des = 2r NA _2x100x10 03:35,3mm
17 17

and the fraction of the total emitted power that passes throug perture is

0 da o0 g __T4
P r]P A-e (d63) DPO:D‘]—e (3
B B O
The maximum Class 1M output power is obti'g d

Slnce this is less than the PagL (00 3B. Therefore, in this example, the

Example A.6-2

An optical fibre G Z
125 Mbits/s. Th dnsission sode\usedis a balanced code (i.e., equal numbers of one-bits
and zero-bits in ans g ree bytes long) and, therefore, the average power
emitted is not data dependents numerical aperture of the product transmitter port has
been determined tq be inthe rarrge 0,16 to 0,18. Determine (a) Class 1, (b) Class 1M and
(c) Class 3R<power Nmits;an ermine which are applicable.

modulated, the requirements in 8.4 for repetitively pulsed or modulated
lasers must be considered. The high data rate (i.e., short pulse times) results in the most
restrictiverof the three requirements identified in 8.4 being requirement "b". In this situation,
the emission is treated like a CW source with a power level equal to the average power
emitted from the transmitter.

a) Class 1

The time base used for a Class 1 system is 100 s Table 1 indicates that the AEl for emission
in the wavelength range 700 nm to 1050 nm with an exposure duration in the range from 10 s
to 3 x 104 s depends on the value of Ty given in the notes to tables 1 to 4 by the expression:

T, =10 x 10(a — 1,5 mrad)/98,5 g
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Since we have a small-source a < ay,i, then T, =10 s and t > T,. From table 1

PaeL=3,9%x 107 C4 C7 W

whaore f‘q =100 002(A — 700) =1 445 and f‘l =1 tharafaora
t —44o—aa —t-E+6+0+

PagL = 3,9 x 107 x 1,445 x 1 = 0,56 mW

The measurement specifications given in 9.3 indicate that the Ppg| for a source that failed
condition 2 of table 10 must be compared to the power collected though a 7 mm aperture atla
distance of 14 mm from the source. In this example, the beam diameter at the measurement
distance is

_ 2rNA _2x14x0,16

dez = =2,63mm
637 47 17

The fraction of the total emitted power (P3) that passes throug eagurement

aperture 14 mm from the source is

O —(di)2D
P,=nR,=0-e de3 0P, =
g |

Therefore, the maximum emitted powerAor Clags

b) Class 1M

If the level of radiation as determined
for condition 1 or conditiop

0 is larger than the AEL of Class 1
f"Class 3B, but the level of radiation

A-2X1OOXO'16=18,82mm

0 L 2
P=r-e 1882 gp =013R,
0 O

Thus, the maximu itted power corresponding to Class 1M (Pg,max) IS

P 0,56
Po max = —AEE :m:4,33 mw

Since this is less than 500 mW (the Class 3B AEL), the maximum Class 1M emitted power
is 4,33 mW.

c) Class 3R

The Class 3R limits are 5 times Class 1. For this example, that would be

Pclass 3R = 5 % (Pclass 1) = 2,80 mW

Since Class 1M > Class 3R, there is no Class 3R. Any power over 4,33 mW but less
than 500 mW for this example, would be defined as Class 3B.
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Example A.6-3

An optical fibre transmitter emitting at 1 300 nm is used for digital data transmission at a rate
of 630 Mbits/s. The transmission code used is a balanced code and, therefore, the average
power emitted is not data dependent. The transmitter assembly is pigtailed to a single mode

fibre having a mode field diameter of 10 um.

a) Determine the maximum average output power for Class 1M and Class 3R AELs.

b) Determine the maximum average output power for Class 1M and Class 3R AELs if the
emitting wavelength is 1 550 nm.

Solution:

As in example A.6-2 the output can be treated like a CW emission at/a“poy
the average emitted power due to the high data transmission rate and

a) 1300 nm

er level equal to

At a wavelength of 1 300 nm and a time base of 100s,_tl s avefage emitted
power for Class 1M and Class 3R is found as follows:

Class 1M

The time base used for a Class 1 _system ' indicates that the AEL for
emission in the wavelength rang an exposure duration in the
range from 10 s to 3 x 104 s depend n in the notes to tables 1 to 4
by the expression:

T2=10

Since we have a smal Osandt> To. From table 1:

*CysC7W

rfected for the aperture coupling loss with the coupling
ation (3)) to obtain the maximum emitted power level for the
parameter depends upon the diameter of the beam at the

_ 2J2r A :2x\/5x100x1 300

= 117mm
TTWy, x10

ds3

Tbhe fraction of the total emitted power (P,;) that passes through a 7 mm measurement
aperture 100 mm from the source is
(i)’

Pa:nPO:a—e

EPO = a —e i) EPO =030P,

The maximum emitted power corresponding to Class 1M (Pg max) is

P
Po max = —AEE =158 _518 mw
n 0,3

Because 51,8 mW is less than 500 mW, Class 1M = 51,8 mW
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Class 3R

At a wavelength of 1 300 nm and a time base of 100 s table 3 gives the small source
(o < amin) AEL expression for total emitted power as

Papp = 2 % 10-3 C4 C7W

where C4 = 5 and Cy7 = 8, therefore
PAEL=2X10—3X5X8=8OI’TIW

Due to the small beam divergence of a single-mode fibre, essentially 100 % of the emitted
power is coupled into a 7 mm aperture at 14 mm from the source. Hence, the aperture
coupling parameter n = 1 and the maximum average power level with respect to the\total
power condition can be equated with the AEL value (i.e., Pmax = PAEL)

Because 80 mW > 51,8 mW, Class 3R exists for this example. Thepéfore for this‘example,
the product can be any of the following classes based on the"\output\ po ;
Class 1M, Class 3R, Class 3B or Class 4.

1550 nm
Class 1M
If the same system is operated at 1 550 nm,
calculations is the same except that the AEL
the 1550 nm wavelength are used.
Since we have a small-source a <
The beam diameter at 100 mm is
The fraction
aperture 100 m
Z(9a )2 _(.35 )2

A6 (@) EPO :a—e (s EPO 0061 P,

The power corresponding to Class 1M (Pg max) is

= Paec - 10 464 mw

0,061

Po,max

Since Py max is more than five times the Class 1 AEL, there is no Class 3R for this
product.
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