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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF LASER PRODUCTS -

Part 10: Application guidelines and explanatory notes
to IEC 60825-1

1) Th
all
int

en
pal
wi

for
or

2) Th
int
frg

3) Th
of
Cqg

4) In
St
di

ingi

5) Th

equi

6) At
pa

The

techni

data
exan

Tech
cons

IEC
radia

thiF end and in addition to other activities, the IEC publishes International

rusted to technical committees; any IEC National Committee interested \n the
ticipate in this preparatory work. International, governmental and noa-go erymen
h the IEC also participate in this preparation. The IEC collaborates clos f
Standardization (ISO) in accordance with conditions deterpdi
anizations.

e formal decisions or agreements of the IEC on technica
ernational consensus of opinion on the relevant subjects g
m all interested National Committees.

standards, technical specifications,
mmittees in that sense.

gs is to prepare International Standards. Howey
pUblication of a technical report when it has coll
is normally published as an International Standar

fionsafety and laser equipment.

rising
omote
is. To
ion is

may
aising
zation
P two

e, an
tation

P form
htional

htional
. Any
tlearly

br any

ect of

er, a
bcted
H, for

btical

The

exXt Of this tecnnical report 15 Dased O the TOlowing doCuImnents.

Enquiry draft Report on voting
76/217/CDV 76/229/RVC

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

This

publication has been drafted in accordance with the ISO/IEC Directives.

This document, which is purely informative, is not to be regarded as an International Standard.


https://iecnorm.com/api/?name=099c187cf83ed6e393bd548902a9c232

-4 - TR 60825-10 O IEC:2002(E)

INTRODUCTION

This technical report is an informative document providing a simplified introduction to laser
hazard concepts, classification, intrabeam viewing and extended source viewing used in
IEC 60825-1, Safety of laser products — Part 1: Equipment classification, requirements and
user’s guide.

This technical report does not replace IEC 60825-1; however, if there is any real or apparent
conflict between this technical report and the standard, the standard must prevail.

@%
r
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SAFETY OF LASER PRODUCTS -

Part 10: Application guidelines and explanatory notes
to IEC 60825-1

1 Scope

This [technical report gives information on the physics relating to the dangs

the Ynderlying principles. The application of this technical report is limite
with finite accessible emissions of laser radiation.

2 Object

This [technical report provides a user of IEC 60825-1
standard (specifically the laser hazard, classification ¢
sourge viewing), giving the user an insight into the (phyg
user may correctly interpret its requirements.

The following referenced documents are
dated references, only the/edition-cit
the referenced document (iacluding an

IEC pB0825-1:1993, Sa
user’s guide 1 @
Amendment 1 (19
Amendment 2 (200

4 Definitig

For the pup S ical report, the definitions in IEC 60825-1 apply.

5 \Why laser radiation is hazardous

posed_by

laser
ining
Hucts

that
nded
t the

. For
bn of

and

Electromagnetic radiation is not normally considered dangerous. However, the simple analysis

below shows that a 1 W laser can introduce more than five orders of magnitude greater light
into the eye (at 1 m distance) than an incandescent bulb of equal power placed at the same

distance, and more than one order of magnitude greater than that of the sun.

Laser radiation in the optical hazard region from 400 nm to 1 400 nm is focused to a small spot
on the retina. This increases the hazard in that region. The current example illustrates the

effect in the optical hazard region.

1 There exists a consolidated edition (2001) that includes IEC 60825-1 (1993) and its Amendment 1 (1997) and

Amendment 2 (2001).
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Moreover, unlike the incandescent light bulb, laser light in the ocular hazard region may be
focused to a small point on the retina measuring a few microns across. By comparison, the
image of the sun on the retina would be of the order of 0,15 mm on the retina. The effect of an
exposure to laser radiation could therefore be considerably worse than indicated by the
analysis below.

Consider a light bulb producing 1 W of optical radiation (see Figure 1) typical of the interior
light of a car. Light from the globe at 1 m has irradiance (power density) given by the power of
the light globe divided by the surface area of a sphere whose radius is 1 m, as shown by the
following equation:

NOTE

Compare this with radiation from a 1,0 W laser in the ocular ha
diampter at 1 m from the laser, with an approximate irradiange o

NOTE

Thro
a wo
from

woul

1,0 W

=% -80%x1072 W2
41(1,0 m)?

The surface area of a sphere of radius 7 is given by 4m?.

The area of a circle of diameter d is gi

Ighout IEC 60825-1 it is assumed

st case occurring when the ambient light le
the globe entering a puRil having a ar:

| be

(1)

peam

(2)

his is
light

(3)

(4)
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A

Irradiance =
8,0 x 102 W-m™

¥y

1 watt light globe

Sun

3,8x107 W
enters eye

@\ Irradiance =

1,3 x 10° W-m™

2.
<
\ o 10 W
u eter is
P 4 enters eye
umed to be 7 mm

Figure 1 — Comparison of the hazards of various light sources

IEC 5

1/02

Compare this with light entering the eye from a laser at 1 m. In the case of the laser with a
beam diameter of 1 mm and small divergence, all of the light will enter an eye with a pupil
diameter of 7 mm. This is 3,3 x 105 times as much light as would have entered the eye from a

bulb producing the same amount of visible radiation.

The reason for this difference is shown diagrammatically in Figure 1.

The radiation from any source (including laser radiation with a wavelength between 400 nm and
1 400 nm) is generally focused on the retina, the light sensitive area at the back of the eye (see
Figure 2). In the case of lasers, this may increase the irradiance (watts per square metre) of

the light by approximately five orders of magnitude.

NOTE The anatomy of the human eye is shown in Figure B.1 of IEC 60825-1.
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When a person 'looks at' an object, their eye is actually focusing that object on the fovea,
where there is the highest density of cone receptor cells (see Figure 2). The fovea is only
1,5 mm or so in diameter and is the area on the retina generating our most acute vision.
Images which need to be viewed in detail, such as the words on this page, are focused on the
foveola which is only 350 microns in diameter. It is this section of the retina which is most at
risk because of a natural tendency to "look at' objects which attract our interest.

The highest risk is normally seen at the fovea because this is the location of gaze produced by
the eye. It is also the section of the retina which has the most impact on visual function if
damaged. Depending on the area of the foveola and the fovea damaged, reading may be
precluded but individuals may still retain a measure of central and peripheral vision. Damage to
the a : . . . .

redug

The q
magf
only
secopds. When viewing in bright light, the fovea is active in discrii
coloyr, while the remainder of the retina provides peripheral Wsio
movament. As the light level reduces, the fovea becomé i
remafinder of the retina provides 'night vision'.

privwarily dgtects
0 vision angd the

100 W lamp

with frosted %E}

™

Optic disk (where opti
nerve and blood supp
leaves eye)

<

Spot size = 25 um

1mWHe®e>

E=2,0MW-m?

IEC _AR721)2

Figure 2 — Cross-section of eye showing comparison of the irradiance at the retina
for an image of a lamp with an output of 100 W and an ideal diffraction limited spot
from a 1 mW HeNe laser

Damage to tissues can be caused by heat effects, thermo-acoustic transients, or photo-
chemical processes. The degree to which these effects are responsible for damage depends
on the physical parameters relating to the exposure.

NOTE The various mechanisms for damage are shown in Figure B.2 of IEC 60825-1.
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Radiation from laser products can cause different effects depending on the wavelengths and
energy density of the radiation, and the part of the body exposed to the radiation.

NOTE See Figure B.3 of IEC 60825-1.

Hazards include absorption by and damage to the skin and the eye, setting fire to clothes and
other materials. The full range of hazards needs to be considered.

In assessing the hazard, a number of laser parameters are of importance. These include:

a) exposure duration;

b) pulse width;

c) wavelength;

d) dW or pulsed operation;

e) repetition rate, if applicable;
f) beam diameter;

b
g) beam divergence; and
v

h) vjewing distance.

ional
later

The hazard is often increased by telescopes or binocul
radiation and concentrate it in the eye. These
sectipns.

6 Units

Tablg
quan

in [IEC 60825-1. Examples of these

7 Maximum

IEC aXimum permissible exposures (MPEs). The MPEg are
derived primarily ffora an data, but take account of human variability and [laser
parameters. » 3 by ICNIRP (International Commission on Non-lonising
Radiation Prg eevaluated from time to time in the light of available evidgnce.

Clauge 3 defines the maximum permissible exposure as “That level of [laser
radiation to™which normal circumstances, persons may be exposed without suf{ring

adverse effects? PE levels represent the maximum level to which the eye or skin can be
expoped withoUt conséquential injury immediately after, or after a long time, and are related to
the wavelength of the radiation, the pulse duration or exposure time, the tissue at risk angd, for
visibllenand near infra-red radiation in the range of 400 nm to 1 400 nm, the size of the retinal
imagmmied

in clause 13 (of IEC 60825-1).”

MPEs are expressed as irradiance or radiant exposure at the cornea, and are given as tables
in IEC 60825-1. MPEs for ocular exposure at the cornea are tabulated in Table 6 of IEC 60825-1
as a function of wavelength and exposure time. Table 8 of IEC 60825-1 tabulates the MPE of
skin to laser radiation.

The MPE values should be used as guides in the control of exposures and should not be
regarded as precisely defining the dividing lines between safe and dangerous levels. In any
case, exposure to laser radiation shall be a low as possible.
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Note that while the probability of an exposure at the level of the MPE causing eye damage is
very low, it may not be zero. Because of this, and the uncertainty in the derivation of MPEs, it is
good practice to avoid all unnecessary exposure to laser radiation at levels that approach the
MPE.

The biophysical effects of laser radiation are described in detail in Annex B of IEC 60825-1.
Thermal effects are those which occur when sufficient radiation energy has been absorbed by
a biological system to cause heating in the system. Most laser damage is due to the heating of
the absorbing tissue or tissues.

On the—eotherhand—at cerain—wavelengths—photochemical effescts or those—caused—by the
specl|fic molecular absorption of a given radiation can lead to tissue damage. Eollawing
the apsorption, the molecule may undergo a chemical reaction unique to ifs excited state.| This
photachemical reaction is believed to be responsible for damage at : exposure.
By thiis mechanism, some biological tissues such as the skin, and ye,| may
show irreversible changes induced by prolonged exposure to modexate\levels>Qf NV radjation
and short wavelength radiation. For this reason the MPEs are corce i wer thgn for
wavellengths where the mechanism is thermal.

In Tj’ble 6 of IEC 60825-1 a calculation of both the reti C ard levels and the
retinal thermal hazard levels is required for exposu | s of radiation with a
wavellength between 400 nm and 600 nm and for exposufe} 3 1,0 s of radiation with
a wapelength between 400 nm and 484 nm. In . seg\the ‘wost restrictive hazard|level
becomes the MPE. @

In some cases, laser products produce radiation iSi altiple wavelengths. The mJltiple
wavelengths may affect similar tissue.(For exa e may be more than one wavel¢ngth
contrjbuting to heat gener - ely each wavelength may opgrate
independently. Table 5 of/IEE 825~ ¥ des a giyde to determine whether the hazafgdous
effects of one or more wave i Wrether each should be treated separately.

Quantity i Symbol Formula¢
Arda See Figure 3
Exposure tim —
Intggrated ragiance JmZsr! Lb L=HIQa
Irrgdianc W m™ E E=P/A
Linear angle rad 10} See Figure 3
Rafliance Watt per square W m?2sr! Lb L=E/Qa
metre per steradian
Radiant energy Joule J Q Q=PT
Radiant exposure Joule per square Jm? H H=Q/A
metre
Radiant power Watt W P, ® P=Q/T
Solid angle Steradian sr Q See Figure 3
a |n this case H (or E) is the radiant exposure (or irradiance) measured at the diffuse reflector or divergent
source.
Q is the solid angle into which the radiation is directed.
b | is used for both integrated radiance and radiance in different parts of IEC 60825-1
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Intrabeam
viewing
7
A= —
4
Area 4 0
Radiant exposure H==
A
. P
Irradiance E = —
A
Linear angle

A e n§
— = = —— steradians
I 42 4

Radiance

- £ 2 g -1
L== Wm?&r
1S

. 2 -1
Radiance Wih “[&r
IEC 573/02

Figure 3 — Commonly used units
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8 The classification system

8.1 Laser product classification

The product classification is the primary indication of whether the laser product is capable of
causing injury. It is the responsibility of the manufacturer to label and provide information about
its laser product in accordance with Section 2 of IEC 60825-1. A guide for the implementation
of safe practice for the user is set out in Section 3 of IEC 60825-1. It is therefore necessary
that both the manufacturer and, where a hazard exists, the user, understand the system of
classification. The details of the classification system are set out in Section 2 of IEC 60825-1,
and the philosophy behind it is described below.

The [classification of a laser product is based on the radiation emitted i chmaI
operation and any reasonably foreseeable fault condition for that prod 9 s the
remagval of protective shielding or access panels may lead to the possi re in
excegs of that allowable for that class of laser. Such panels shoul y the
manufacturer, and should only be removed by persons with the edge
and fraining in laser safety.

In tHe process of taking the measurements required ssificati bt of
meagurement aperture is used. The size of the spot ¢ er of
factors including the diameter of the beam, and whether i 3 The
worst case (that is the smallest retinal spot) i pupil
(assumed to be of 7 mm diameter) and when
the MPE is specified as an irradiance { [ mm
its power should be averaged over 7 . m is
expaphded to 7mm diameter. If the be diamete ower

entefing a 7 mm aperture should be (considereads ame principle applies if the MPE is
expressed as a radiant exposure .

The measurement procs ion arg specified in IEC 60825-1. The procedures
speclify a range of measurem nhich vary with wavelength and the class of |laser

and \hich relate er of thespupil ahd the assumed diameter of viewing optics,|or in
somg cases a li g A is specified for measurement convenience and standardization.
The limits used faf cha atiornare cdlled accessible emission limits (AELs). They are dgrived
from [the MPEgs using \im ¢ dfes and are expressed either as a power limit, an epergy
limit,|an irradjance i > exposure limit, or an combination of these.

A lader is assifigd if its parameters exceed those of the next lower class, and are
less than orequaMo thetimits of its class.

NOTE| Becausethe A are based on MPEs, the classification system is an indication of whether thg laser
produ¢t is likely to cause injury. An exposure to visible laser radiation less than that required to cause injury may
still b¢ unecomfortable and cause temporary blindness or distraction. For this reason all exposure to laser ragliation
should be'as low as possible.

8.1.1 Class 1 and 1M laser products

Class 1 laser products are safe under reasonably foreseeable conditions of operation. In
general they would not allow exposure to sufficient radiant energy to damage the eye or skin.
The AELs for Class 1 laser products are set out in Table 1 of IEC 60825-1.

Class 1M laser products are safe under reasonably foreseeable conditions of operation
provided that they are not viewed with magnifying optics of any kind. Class 1M usually relates
to laser products with high divergence or large beam diameters compared to the limiting
aperture.

Magnifying optical instruments are designed to magnify the image on the retina. See 9.5 for
more details.
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8.1.2 Class 2 and 2M laser products

Class 2 laser products would not cause permanent damage to the eye under reasonably
foreseeable conditions of operation, provided that any exposure can be terminated by the blink
reflex (assumed to take 0,25 s). Because classification assumes the blink reflex, only laser
products with a visible output (400 nm to 700 nm wavelengths) can be classified as Class 2.
The MPE for visible radiation for 0,25 s is 25 Wh~2. This irradiance is equivalent to 1 mW
entering an aperture of 7 mm diameter (the assumed size of the pupil).

Thus the AEL for Class 2 laser products is 1,0 mW for collimated beams or beams from small
sources. This can be seen in Table 2 of IEC 60825-1. Note that the parameter Cg equals 1 for
well-gottimmatedbeams, as ndicated T the otes to T aptes tto 4 of TEC60825-tCg takes on
another value for extended sources, and this is discussed in detail i ause 10. of this
technical report.

Class 2 laser products are not hazardous as long as staring at thé¢ nt of
their [design. However, they may cause flash blindness. The h as
binoqulars with Class 2 laser products does not usually cré 5 the

objegtive lens diameter is not greater than 50 mm.

In the case of Class 2M laser products, a hazard/may are viewed thnough
magnifying optics such as eye loupes, binoculars or tele

8.1.3 Class 3R laser products

Clas$ 3R laser products emit radiation inNthe Wwave 9 here
direc} intrabeam viewing is potentially S sers,
and 1ewer manufacturing requirements\and : Class
3B | 5 ission N veé times the AEL of Class 2 in the
wavelength range from 40 five times the AEL of Class 1 for pther
wavelengths.

8.1.4

Class
SO pd

eye exposure at all wavelengths, but are generally not
d damage skin. Usually only ocular protection would be

requi g if viewed for less than 10 s. Table 4 in IEC 60825-1
show ser products.

8.1.5

Class s are generally powerful enough to burn skin and cause fires and| may
ionise the atmospheré when focused. As such, a range of additional safety measureg are
required.

8.1.6 Product modification

If the user of a laser product makes changes to the product or does not use it in the manner
intended by the manufacturer, reclassification may be required. Under these circumstances the
person or organization that modifies the laser product takes on the responsibilities of a
manufacturer (see 4.1.1 of IEC 60825-1).

8.2 Procedures for hazard control

The procedures for hazard control are set out in Clause 12 of IEC 60825-1. The primary
considerations include the capacity of the laser product to cause injury (as indicated broadly by
its classification), the environment in which it is used and the level of knowledge of people who
might be exposed.
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Where a hazard is likely to exist, a laser safety officer (LSO) should be appointed. It is the
LSO's responsibility to evaluate the hazard and establish appropriate procedures.

Safe operation of Class 3B and Class 4 laser products outdoors relies on the concept of
nominal ocular hazard distance, which is discussed in Clause 9.

Class 3B laser products need to be operated in a controlled area, with appropriate beam stops
and with precautions taken to prevent unintended specular reflections. Eye protection is
required if there is any possibility of exposure. Diffuse reflections are safe, provided the
distance between the diffusely reflecting screen and the observer exceeds 130 mm and the
exposure does not exceed 10 s.

For Class 4 laser products additional precautions are required. Beams €an ¢ and
injuries to the skin as well as eye injuries. Beam paths should be enclogéiNand_the hould
be restricted to properly trained and protected personnel during ope S, L ntrol
shou|d be used where practicable, there should be good room illuninatj stgction
should be worn. Fire resistant materials should be used as batk tions
shou

In choosing eye protection, the degree of protectign—she eye
prote i

(5)
wher
This 2,
the fq

(6)

a) Wavelengths ofoperation;

b) radjant’exposure or irradiance;

c) |\TDF;

d) optical density;

e) visible radiation transmission requirements;

f) the exposure level at which damage to the eyewear occurs;
g) need for prescription glasses;

h) comfort and ventilation;

i) degradation;

j) strength;

k) peripheral vision requirements.
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In cases where eye protection would otherwise be required, operations should only be
undertaken with the approval of the laser safety officer. More detailed information on hazard
identification as well as guidance on the selection of appropriate laser eye protectors is given
in [IEC 60825-1.

9 Intrabeam viewing

9.1

General

For a given amount of radiant power or energy entering the eye, one might expect the damage

threshold to depend on the size of the image focused onto the retina in the case of theérmal

hazafds. Paradoxically, this only occurs when the angle subtended at the ythe sourge, o
(see |Figure 4) exceeds the coefficient called a,,, (equal to 1, 5 mrad)in IECN\§0825-/1. At
angular subtenses less than ap, otal“energy or
powe }

This ffect results from the fact that, for small retinal image sizs S 1g j8 dominated
by rddial conduction from the centre of the image formed_on the hdating
rate of individual cells reduces with increasing image size, the ening of the radial cqoling
path [from the centre of the image means that t e” centre sustain a
tempgrature rise for a given exposure time which |s co of image sizes.| This
expogure condition is referred to as ‘point source ¥

At anjgular subtenses above a;,, ditions apply. Cooling intp the
vitreqg rvechanism. Consequently, damage
proce therefore, on the value of anfgular
subtd 825-1

At ar ds depend upon the radiance or integrated
radia

As fdr as IEC 6 all™l > o, extended source viewing conditions gxist.
For g

All la 0 some extent. In the case of Class 3B and Class 4 [laser
prod at the output of the laser. For a laser beam the irradjance
(W [ sGre (JiI—2) generally decrease as the cross-sectional arpa of

the b

reasing distance from the source. This is shown in Figure 5.
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Viewing a collimated beam (a < amjn)

Heat dissipatio

Viewing a extended source (0 > Omax)

S —

VA

Q Heat dissipation

Image size

IEC 574/02

Figure 4 — Angular subtense, retinal cooling and image size
for wavelengths in the retinal hazard region
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Diameter, DL =rpta

Area,

Irradiance

Radiant exp

IEC 575/0]

It mgy be neces i hethernd potential exposure at some distance r from the
laser|would be hazayd S iguren5),’This can be done by comparing the actual expgsure
with the relevant S s Yo determine the MPE for the wavelength and the [ikely
expopure time. Tg se of a visible CW laser, the MPE can be determined
from|Table 60 JThe determination of MPEs for pulsed lasers is discussgd in
detail in 9.4.

This deriva S 8’ to beams which diverge from the laser in the far field region of the
bean). For beax ich converge to a waist external to the laser a more accurate analysis

beyopd the scope

The

MIPE will be in units of either Wiin—2 or Jin—2. If the MPE is in units of Wmh—2 the rad

ation

output of the Taser product in watts should be determined. IT the MPE IS In units of Jimn
radiation output of the laser in joules should be determined. This can be done with the following

equations:
pQ
t
or Q=Pxt
where:
P is the power, in watts

0

t

is the energy, in joules, and
is the time for O to be delivered, in seconds.

2 the

(7)

(8)
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The output of the laser product in watts or joules, should be divided by the area of the beam at
the observer to obtain the irradiance (in Wn—2) or the radiant exposure (in Jn—2). If the
exposure exceeds the MPE then the exposure should be avoided. If the diameter of the beam
at the distance r is less than the limiting aperture (7 mm for a laser radiation between 400 nm
and 1 400 nm), the beam should be assumed to have a diameter equal to the limiting aperture
(see 8.1).

NOTE When comparing any exposure to a MPE, it is essential that the units in which the exposure is be identical to
those of the MPE.

On occasions it may be necessary to convert irradiance to radiant exposure and vice versa,
This can be achieved as follows:

=2 (9)
t
or H=Ext (10)
wherg
E id the irradiance, in watts per square metre,

H
t

g the radiant exposure, in joules per square metre

g the time, in seconds.

igh an
D). At

An alternative approach is to deterni
expogure is just below the MPE. This Iz
smaller distances the exposure will exce

9.2 | Nominal ocular hazard distance (N%

In th¢ analysis of pointsource Viewi st g i ; lated
to that of MPE. The NOHR i q ;

The ¢oncept of S are

to bel used in the opg MPE

and gye protectio

Assuming ling at:
DnoHp = NOHD X ¢+a (11)

wherg:

Dnowp |, IS the diameter of the beam at the NOHD,

a is the diameter of beam at the exit from the laser, and
Q is the divergence angle.

NOTE In 3.10 of IEC 60825-1 the beam diameter is defined as the diameter of the smallest circle which contains
63% of the total beam energy. In the case of a Gaussian beam the diameter is the distance between two opposite
points at which the irradiance or radiant exposure has fallen to 1/e of its peak value.

The area of the beam at the NOHD (4yonp) is given by the following equation:

2
_ TtX DNoHD
Anomp ~ 4 (12)
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The irradiance at the NOHD (Eyonp/ is given by the following equation:

P 4x P
EnoHD = 1 = 5 =MPE
where
P is the radiant power of the laser, and

Dnonp i the diameter of the beam at the NOHD.

Irradiance or Radiant
Exposure equals MPE

Q Expesuraexceéds MPE

ReplacingsPyonp (NOHD % @+ a) from equation 11 gives:

4x P

ALDL —

Exposure does not
exceed MPE

IEC 5

The concept of nominal ocular hazard distance

TVIT 1

1% (NOHD X @+ a)?

where
a is the diameter of the beam at the exit from the laser, and

P is the radiant power of the laser.

Rearranging this equation to obtain NOHD explicitly gives:

104xp % 4

NOHD = ourEl " o

(13)

6/02

(14)

(15)
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where
P is the radiant power of the laser,
a is the diameter of the beam at the exit from the laser, and

¢ is the beam divergence angle.

The above equations are approximations applicable to a generalized situation. 2

If a is small compared to the term in square brackets in equation 15, it can conservatively be
neglected.

If a i3 not small and the calculated NOHD is negative, the result indicates that the laseris| safe
for that exposure at all distances.

The jabove formula relates to laser products with Gaussian beapis) 8 ts of
unknpwn mode structure, a factor is introduced to account for pogsible ° s | g beam.
This [matter is referred to in Annex A5 of IEC 60825-1. In thig teshnhj X | or is
given the symbol k. For beams of unknown mode structure if has the val 5/If the mode

structure is known to be Gaussian, then £ = 1.

If the mode structure is known and is non-Gaussia d be

determined. The full equation then becomes:

(16)

wherg P is the radiant po

This [formula has bee
irradiance (WH=—2)In
NOHD equation

ere the MPE of the laser is given gs an
5 given as a radiant exposure, the corresponding

0,5
g o_a
B @

10 4xkx
dis kxQ

w; (17)
¢ Brx MPE(J Cn™2)

jons form the basis of the calculation of NOHD. In cases where the sgcond

Noup = 178 |_ P tor k=25 and (18)
MPE
NOHD=1’1£ L k = 1 for Gaussian beams. (19)
o \MPE

The above two equations are true for MPEs in Wn—2. If the stated MPE is in Jin—2 then the P
in watts should be replaced by Q in joules.

2 For Gaussian beam propagation, more exact equations are given in KOLGENICK, H. and LI, T. Laser Beams
and Resonators. Appl. Opt., 1996, 5, p.1550-1567 and Proc IEEE, 1996, 54(10), p.1312-1329.
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9.3 NOHD calculation — CW output

For Class 3R, Class 3B and Class 4 laser products it may be necessary to calculate the NOHD.
Flowchart 1 of Annex A describes a technique for calculating the NOHD for a product with a
CW output. The first step is to tabulate the relevant parameters (box 2). Since the MPE
depends on the maximum likely exposure time it is necessary to determine an exposure time
consistent with the standard. The MPE should be determined for each wavelength, using the
appropriate exposure time in Table 6 of IEC 60825-1 (box 3). If only one wavelength is involved
(box 4A) the MPE can be determined from Table 6 of IEC 60825-1. The NOHD can then be
calculated from the appropriate formula in 9.2. Allowances for the possible use of optical
viewing aids are discussed in 9.5.

The uces
radia d be
cons
Usu fects
are
Retu f the
wave each
wav
Box 4C is the decision branch where the \ 3 3 htical
for a|l of the wavelengths. If so, the powexi 3 an be added and treated as
one wavelength to obtain an NOHD (box®
If theg effects of the wavelengths are additi £ 4C)
then the contribution from ga 2 i hould
be a NPE;,
then

(20)

The |

0,5
1M xkxpO” a

Note|that’if some wavelengths do not have the same MPE the sequence (boxes 4B, 4C, §, 6A)
shou(dbe Used.

If required, the nominal skin hazard distance (NSHD) for CW laser products can be calculated
using Flowchart 1, except Table 8 of IEC 60825-1 is used to obtain the skin MPEs. In a skin
hazard zone appropriate skin protection will be required.

9.4 NOHD calculation for pulsed laser products

Except for the calculation of MPEs the calculation of NOHD for pulsed laser products follows a
similar procedure to that for CW laser products. The MPE is determined from the most
restrictive of three cases as described in 13.3 of IEC 60825-1. A procedure for calculating the
NOHD for pulsed laser products with a constant amplitude and pulse repetition frequency
(PRF) is described in Flowchart 2 of Annex A. The calculation of MPEs for a pulsed laser
product is described in Flowchart 3 of Annex A.
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Referring to Flowchart 3, box 1, the first calculation (see 13.3(a) of IEC 60825-1) refers to the
MPE for a single pulse. It is evident that if a train of pulses is to be safe, each single pulse in
the train must be safe. Thus MPE, is calculated from the consideration of a single pulse. If
more than one pulse occurs in a time T; (see 13.3(c) of IEC 60825.1) the total radiant exposure
within the time T, should be treated as one single pulse of duration T; (see definition of t on
Flowchart 3).

The second calculation (see 13.3(b) of IEC 60825-1) refers to the average exposure over the
exposure time (Flowchart 3, box 2). It is evident that if a series of pulses is to be safe, the total
radiant exposure received during the exposure time should not be greater than the radiant
exposure equivalent to the MPE as calculated for a CW laser in the same time period. In cases
wherfThe MPE Tor the Tull exposure tme (MPET) 1S expressed m Jim- 2 the equivalent MPE per
pulsg (MPE,) is determined by:

MPET _ MPET
PRFxT N

(22)

MPEp=

wher

(1)

PRF | is the pulse repetition frequency expressed in pulse

T is the exposure time or T, whichever is the les Tis
the exposure time or 10 s whichever is the(lesg c) of

Note|that if the repetition rate is constant durifg S er of
pulsgs in the train. MPE is the radiant exposwre 3 Ise if
this qondition is to be met.

In ca]ses where MPE+ is i uxi A/ [N verae MPE per pulse can be determingd by
dividing MPE+ by the PRF owchart\3j. The MPE in Wn—2 divided by the| PRF

is equivalent to the n allowable for each pulse of a repetitively

pulsgd laser oper?:ing 3
For wavelengths betwes %nm in cases where the thermal limits apply, the|third
calculation (see 13\3 and box 4 of Flowchart 3) reduces MPE, toftake
accolnt of the c ativ ch can occur when tissue is exposed to a series of laser
pulsgs. Resears at, in cases where the thermal limits apply, the potential for

damage increase i Ise, and as a result, the MPE should be reduced to|take
account ofthi

MPEc= MPEa*Cs (23)

wher
Cy i NS4 (for thermal limits) and

(1)

N is the number of pulses in the exposure (i.e. N = PRF x T).

For wavelengths between 400 nm and 600 nm in cases where the photochemical MPE is the
most restrictive, the third calculation of MPE (see 13.3(c) of IEC 60825-1) is not required.

For wavelengths between 400 nm and 10% nm (box 3) in cases where the thermal limits apply,
the most restrictive (i.e. the smallest) MPE from MPE,, MPE,, and MPE, (box 5B) becomes
MPE_. For other wavelengths and in cases where the photochemical limits are the most
restrictive, the most restrictive of MPE, and MPE\, is chosen for MPE, (box 5A).

Note that for repetitively pulsed laser products with PRFs of less than 1 kHz, where thermal
limits apply, it is very likely that MPE_ will be the most restrictive.
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It remains to check whether the value MPE is more restrictive in peak power than would be the
power allowable for a CW laser. This is done in boxes 6 to 8. E,,, is determined. If E,, is
greater than or equal to the MPET then the MPE for the problem is the one calculated as MPE
(box 8A). In cases where H,,,, is less than that allowable for a CW laser (box 8B) then MPET
may be used. (See the last paragraph of 13.3, IEC 60825-1)

The NSHD (nominal skin hazard distance) for pulsed laser products can be calculated using
Flowchart 2 except where Table 8 of IEC 60825-1 is used to obtain the skin MPEs.

9.5 NOHD for magnifying optics

Magnifying optical instruments are designed to magnify the image on the retina using e

aper
user

shortest focal length of such a lens is about 28 mm,
front| of the eye and the standard accommodatio
available with shorter focal Iengths such as micres
used
mostly smaller than 7 mm. The worst
and
absofbi g
radiation is focused on the plane of the(cor

Com
magnification while thg
diamepter of the exit pupi
wors{ case condjtion
is when both pup
taken as the referenr
optirr

It shq
smal

The diagramin~R

can ¢oncentrate.radiation into the eye. For this reason the use of optical viewing aids| may
increpse thevdangerx ffom laser products. If they are being used, either they should be ffitted
with [apptopriate filters or the NOHD should be extended. A technique for calculating the
concenttating effect of symmetric beams is described below.

The radiation entering the eye from a laser viewed through a pair of binoculars is increased by
an optical gain factor G. The following rules are recommended.

a) For400 nm <A <1400 nm
Where the pupil is overfilled,

G=T1xM2 or (24)

where the output beam is smaller than the pupil,

T XDOZ
49

G= (25)
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hichever is the smaller,
here

is the transmission coefficient at the appropriate wavelength (=1 if unknown),

M is the magnification, and

D

o is the diameter of the objective lens in mm.

b) For 320 nm < A< 400 nm and 1 400 nm < A £ 4500 nm

G=1x M?

(26)

i

Binoq
magr

In ca

In ca

approximation.

The

similar hazard m

highl

dlos H bla A H lo Lo ol bla
Umo TCyIuTT i TaUlaliulT 1o dUSUTUTU T TS CUTTITAd.

pr A <320 nm and A >4 500 nm

G=1

hbove exam glescopes exposed to collimating laser bean
(such as jeweler’s eye loupes) are used to

y divergent radia

5 the

(27)
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Viewing with the unaided eye

\AAAAAA/

Viewing with magnifying optical instruments

/

IEC 577,

Figure 7 — The effect of viewing imate gam with magnifying optics
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Laser

Planar reflector

‘ Laser

Convex reflector

IEC 578/02

The flars or telescopes exposed to collimated laser bgams.
A sinpilar haza a i agnifying optics (such as jeweler’s eye loupes) are used to|view
highl ' 2

9.6

Speclular reflections ogcur when radiation is reflected off smooth surfaces such as the surface
of water, mirrors and’glass. When specular reflections occur the reflected radiation retains the
spatial infermation of the source. Figure 8 shows different types of specular reflections.

In the case of convex specular reflections, a ray diagram can be used to determine the
divergence of the beam if sufficient information is known about the geometry of the reflector.
A concave specular reflector may concentrate the beam and increase the irradiance or radiant
exposure.

To determine if a specular reflection is dangerous, it is necessary to determine the fraction of
the incident beam which is reflected. This is called the reflection coefficient p. For specular
reflecting surfaces, p is a function of the polarization of the beam and the angle of incidence as
shown for illustrative purposes in Figure 9.
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I Polarization parallel to o )
plane of incidence Polarization perpendicular

to plane o incidence

Plane of incidence

Reflecting surface

ivity p

ectance

RQeflect

IEC 579/02

For plane_specular-sdrfaces, the calculations are performed in a similar manner to intralpeam

viewirg, as’/follows.

0,5
1MWMxkxpxPO” a
NOHDreerction:E TIX MPE H 5 ~ Rreflector (28)

Where Rgfector 1S the distance between the laser and the reflector. If NOHD,gioction 1S
negative, then viewing of the reflection is safe. If it is positive it represents the minimum
distance from the reflector to the viewer at which viewing is safe.

If the NOHD has been calculated, and -~ can be ignored, NOHD 4f0ction C@N be conservatively
®

approximated by:
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05

NOHD x NOHD - R (29)

reflection P reflector

NOTE Reflectors which are diffuse for visible radiation may be specular for longer wavelengths and higher angles
of incidence. Also, wet diffusers or ones subject to high levels of radiation may become specular.

9.7 Atmospheric attenuation

In circumstances where the NOHD is of the order of kilometres, it could be desirable to correct
the NOHD for the attenuation in the beam caused by the scattering of the atmosphere. The
radiant power (or energy) in the beam is reduced as follows:

P(r)=P e ¥ (30)

or O(r) = Qp e (31)

wherg
P(r) (O(r)) is the power (radiant energy) in the beam at sofq the laser,
P, (Q0) is the power (radiant energy) at the laser; and

M is the attenuation coefficient.

The |attenuation coefficient for variqu ¢an be obtained from the

procgdure set out in Annex A.5 of IEC 8(

10 Extended source viewing

10.1| General

Extemded sources can include bq i eflections and laser arrays producing beams where
the apparent so greatef than a;,.

For the safe use @ products it is necessary to terminate the beam| at a
beamstop. Many<co naterials (provided that they are not ignited by the beam)|form

diffuge reflections.\That i adiation is re-radiated in all directions from each point. A truly
diffuge reflecyj mbertian Reflection', and is discussed in 10.2. Many reflgctors
are spmewhkerg in\between diffdse and specular and care should be exercised. Also, a reflector
is>diffuse\at\one wayvelength, could be specular at a longer wavelength. In parti¢ular,
i iffuse to visible radiation may be specular to infrared radiation] If in
tion calculation is the most conservative.

doub}, a specularrefle

The following considerations only apply to the wavelength range 400 nm to 1400 nm. However
Flow i i pther
wavelengths.

10.2 Extended sources

In the following discussion diffuse reflections are considered as a special case of an extended
source. Viewing distances are assumed to be 100 mm or greater.

Figure 4 shows that the size of the image of a diffuse reflection on the retina is determined by
the angular subtense a. The breakpoint between ‘point source viewing' and ‘extended source
viewing' is determined by the minimum angle o,,;,. 0,4 is the angle that the apparent source
can subtend at the observer and still be considered as an ‘extended source'. Figure 10 shows
the general conditions for the extended source viewing of a diffuse reflection.
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"max

I‘ ’min >

IEC| 580/02

All vi than
O min are
syno

As s a spot diameter of a certain size, a,, is associated with a fange
Fmax source viewing conditions exist. Another break point il the
calcy G ere the subtended angle is equal to a,,,, corresponding to a range of
Penin- distances less than r.;, the image on the retina is large (greater|than

1,7 mm) (and the irradiance on the retina is constant as described below. Under these
cond|tiéris the MPE depends solely on the irradiance (W?2) or radiant exposure (JIn?2) gt the

dff d Raot 2l H + H bat ] i | <l t
I U\..UI- DCTILWTTITT Imln [<1RAv] Imax o d UrAalTorTtiviT £UTIC VUIWTTITT VOT Yy TdTryt TTUTTAr 1mmirtaytc LuUlTu IOnS

and the point source viewing conditions.

First consider the case where r < r,;, and the image on the retina is very large.

Consider the situation shown in Figure 11.


https://iecnorm.com/api/?name=099c187cf83ed6e393bd548902a9c232

-30- TR 60825-10 O IEC:2002(E)

Point source viewing Extended source viewing

Tmin

max

A 4

Exposure is less than MPE % xPQsupe exceeds MPE

or viewing a diffuse reflection

From| Figure 4 it i ended source viewing, r < rpin.

or diy J—

wherg

IEC 581/02

(32)

(33)

d.

|
F is the focal length of an eye (assumed to be 17 mm),

is the size of the image on the retina,

D, is the size of the object being viewed (Figure 11), and
r is the distance from the diffuse reflection to the eye.

The area of the image (4;) on the retina can be written as

1
2
r

404720

(34)
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