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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF LASER PRODUCTS -

Part 7: Safety of products emitting infrared optical radiation,
exclusively used for wireless "free air" data transmission
and surveillance
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IEC 60825-7, which is a technical specification, has been prepared by IEC technical committee 76:
Optical radiation safety and laser equipment.

The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
76/198/CDV 76/215/RVC

Full information on the voting for the approval of this technical specification can be found in the
report on voting indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.
Annexes A and B are for information only.

The committee has decided that the contents of this publication will remain unchanged
until 2002. At this date, the publication will be

¢ reconfirmed;

¢ withdrawn;

¢ replaced by a revised edition, or
« anmended.

A bilirjgual version of this specification may be issued at a later date.
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INTRODUCTION

Probably because of the increasing radiation power available from LEDs, and their physical
similarity to laser diodes, these devices have been included in the scope of the laser safety
standard IEC 60825-1. However, the optical radiation from LEDs differs in various aspects
from laser sources; generally, they lie between incoherent broadband sources, and coherent
laser sources.

The safety phllosophy and classmcatlon requwements of IEC 60825 1 developed for coherent
) erred
which

In Eufope, and effective since January 1997, EN 60825-1, whjch valid.
Accorfding to the European product safety laws, this means thg to be
classified under single-fault conditions.

ished
icfation-

IEC te
with t
relatef requirements.

Due tp problems with LED source, the i ¢ 2 i ideration

and tgchnical development. If a new edjti sophy
becomes valid in the future, it will i Sidi stahdards. This development will
influe i ssessment of the optical hazard of
LEDs|i alyeNof this technical specification codld be

tempqrary if a swtable trea

This [technical speciffsati "prospective standard for provisional
appliciation” in the field ' i afefy of LEDs. This is because there is an yrgent
need for guidancy@ ehd should be used to meet an identified neef.
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SAFETY OF LASER PRODUCTS -

Part 7: Safety of products emitting infrared optical radiation,
exclusively used for wireless "free air" data transmission
and surveillance

1 Scope and object

This technical specification provides the requirements and specific guidance for the safe use of
produgts that are within the scope of IEC 60825-1, which emit infrared optical radiation,, Wwhere
such products are used exclusively for wireless "free air" data transmission gnd suryeillance.
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9 text,
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es to
sibility
dated
f I1ISO

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

IEC 60825-1:1993, Safety of laser products — Part 1: Equipment classification, requirements
and users guide
Amendment 1:1997

IEC 60825-2:1993, Safety of laser products — Part 2: Safety of optical fibore communication
systems

IEC 60825-6:1999, Safety of laser products — Part 6: Safety of products with optical sources,
exclusively used for visible information transmission to the human eye
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3 Definitions

For the purpose of this technical specification, the following definitions apply. They repeat or
supplement those given in IEC 60825-1, IEC 60825-2 and IEC 60050(845).

3.1

angular subtense

the visual angle a subtended by the apparent source (including diffuse reflections) at the eye
of an observer or at the point of measurement. The angular subtense is measured from the
apparent source at either the distance of intended use or, at the distance of the expected

expogure;whichevertsappticabte—Thisdistance must ot be—smatter tham 86 m—Seg also

maximum angular subtense and minimum angular subtense.)

NOTE | The requirements for the determination of the angular subtense are in 6.2.2 angd

3.2
appargnt source
the real or virtual object (source of optical radiation) that forms the

NOTE

age

3.3

auton]
a fea
powel
could
transr
path s

NOTE

5sible
which
f the
beam

3.4
bystander

a pergon who m@?
hazargl or potenti

3.5
diode
any se
radiat

NOTE

LED (L
the tery

IRED (Jnfra,Red Emitti
specifig¢ation).

LD (LagsernDiode) emitting stimulated radiation at any wavelength.

Note that, in this specification, the term diode emitter (DE) is used for both LEDs and LDs.

of the

jnetic

B25-1),

of this

3.6

DE product

any product where the primary intent is to emit infrared radiationwhich originates from a
diode emitter source forming part of the product

3.7

embedded DE product

in this specification, a DE product which, because of engineering features limiting the
accessible emissions, has been assigned in a class number lower than the inherent capability
of the incorporated DE
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3.8

intermediate source viewing

the viewing conditions whereby the apparent source, at a distance of 100 mm or more,
subtends an angle at the eye greater than the minimum angular subtense (amin) but smaller

than the maximum angular subtense (0max)

NOTE In contrast to small sources and large sources, the hazard to the eye caused by intermediate sources
depends significantly on the actual size of the image on the retina.

3.9

infrared sources
the opti Tati .
of infriared sources, covered by this specification, must be greater than 780
source shall be impossible.

ength
bn the

3.10

irradignce (at a point on a surface)

the r ment:
E =de /dA

large pource viewing
the vilewing conditions whereby the
subtends an angle at the eye greater tha

more,

NOTE | For example viewing of diffusely reflecte | rrays.

3.12
limited emission duration
a feature of a transmigsi
is redlced to a specifi

NOTE | This feature

power

3.13
magn

the ar optical instrument is the ratio of the visual angles subt¢nded

(angul ith and without the instrument

NOTE Rti \ yhich axe to be considered for inherently safe viewing conditions) between the source and
the eye 3 ease/the hazard due to increased power collection of the source, imaged ofto the
retina. s agnification can influence the hazard aspects of the different viewing conditions (sge 3.8,
3.11, 3

3.14
maximum angular subfense { Omax)

the value of angular subtense of the apparent source, above which a source is considered to
be a large source

3.15

maximum permissible exposure (  MPE)

a value of exposure to the eye or skin which, under normal circumstances, is not expected to
result in adverse biological effects. The MPE levels represent the maximum level to which the
eye or the skin can be exposed without consequential injury under acute or chronic conditions.
They are related to the wavelength of the radiation, the exposure duration, the tissue at risk
and the size of the retinal image (apparent source size). Maximum permissible exposure
levels, expressed in irradiance or radiant exposure, are specified in IEC 60825-1, clause 13
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3.16
minimum angular subtense ( Amin)

the value of angular subtense of the apparent source, above which a source is considered an
intermediate or large source

3.17
nominal ocular hazard distance ( NOHD)

the maximum distance from the source where the irradiance finally falls below the appropriate
MPE (see 6.5)

3.18
peak yavelength
wavelength at the maximum of the spectral distribution of the DEs

NOTE |In contrast to monochromatic laser radiation, the spectral radiation bandwidtQ of LEDs some
ten napometers and is neither monochromatic nor broadband. However, the wa 3 Rs fan be
described by stating a single wavelength — the peak wavelength — because the 1\ ificantly
within fhis wavelength band. For calculating MPE values from the tableg™q 3 b peak
wavelepgth of DEs can be used or alternatively the wavelength dependence of factorCy t count.

3.19
radiant energy
time integral of the radiant flux over a given duration (A

Unit: J (joule)

3.20
radiant exposure (at a point on a surfaceg
the radiant energy Q incident on an (ele t ofa ce divided by the area dA of that
elemgnt: H=dQ /dA=[ E ¢ r%

2

Unit: J/m
3.21

radiarjt flux @
powel, emitted, trapsfexre BCei he form of radiation. Symbol @,
Unit: W

3.22
radiant intensi given direction)
guotigntcof adi lux d®, leaving the source and propagated in the element of solid

angle|dQ containy egiven direction, by the element of solid angle: lo=d ®./dQ
Unit: W/sr

3.23
reaso la'u:y foreseeabteevent
an event the occurrence of which under given circumstances can be predicted fairly accurately,
and the occurrence probability or frequency of which is not low

NOTE Examples of reasonably foreseeable events might include operator error or inattention to safe working
practices. Reckless use or use for completely inappropriate purposes is not to be considered as a reasonably
foreseeable event.

3.24

small source viewing

the viewing conditions whereby the apparent source, at a distance of 100 mm or more,
subtends an angle at the eye smaller than the minimum angular subtense (Qnin)

NOTE For example intrabeam viewing of parallel collimated laser beams.
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3.25

wireless optical transmission system

an engineering assembly for the generation and transmission of mostly infrared optical
radiation, in which the transfer is accomplished via "free air" for communication and/or control
purposes. "Free air" means indoor and outdoor wireless applications with both non-directed
and directed (point-to-point) transmission; emitting and detecting assemblies may or may not
be separated

NOTE Wireless optical transmission systems with nearly collimated beams with NOHD less than 2,5 m are not
covered by this specification.

4 anufacturer’s requirements

4.1 [Engineering specifications

4.1.1| General remarks

It is the responsibility of the manufacturer of DE products, iISN& etermine a
classification according to 6.4 of this specification. The Applicaple : given
in the|following clauses and subclauses. The requiremen 808 ause 4 shall not

be applicable to wireless optical transmission systemg’with | : al power levels above
the limits of Class 3A of IEC 60825-1 that are withi 5 ¢ pecification. Ingtead,
the additional requirements given in 4.1.8 and 4.2-sha 4

NOTE
4.1.2
If the duct's
perfon pn or
organ cation
and re

4.1.3

The o rity of
other mance of the circuit design. In these cases, a singlg fault
analyy seseeable events, shall be carried out.

4.1.4

Limite
level |of hand-oper
requirements of 4.1.3.

ion and limited repetition rate may be used to control the classification
ed products. The reliability of the control system must fulf{l the

4.1.5 Automatic power reduction

In free air bi-directional wireless optical transmission systems, automatic power reduction may
be used to control the classification level (see 3.3). The reliability of the control system must
fulfil the requirements of 4.1.3.

4.1.6 Infrared pass filter

Any visible radiation emitted by sources covered by this specification shall be cut off by an
infrared pass-filter in order to avoid a bystander’s or user’s attention and possible fixation
on the source caused by this radiation.
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4.1.7 Transmission aperture

The transmission aperture shall not be located adjacent to visible light sources or indicators
that could likely be visual fixation targets.

4.1.8 Requirements for Class 3B products

In some cases, the infrared sources (e.g. conference systems, traffic or exhibition guides) are
placed relatively far from the bystander (receiver) for common distribution of information.
Sometimes the optical power levels required to obtain an acceptable level of system
performance may exceed the MPE in minimum viewing distance.

For t::iese Class 3B products, the nominal ocular hazard distance NOHD ( 335) of the)|Class

3B-enpitter shall be determined and included in the warning label, see 5 must
fulfil the requirements of 4.1.3. Manufacturing and maintenance persganel f ected
by wepring adequate protective eyewear and shall have received apgropyia a Ming.
4.2 [Provision of information for installation and use

The glass, the name and the publication date of the s s i was
classified shall be documented in the operating manuagk

Manutacturers of infrared wireless optical transmission \systems<with>sldssifications in excess
of Cld i e@nee g requirements (seq 4.1),

irfcorporated into the prodpct to
ation and a clear statement that the

enance and safe use, including|clear

gafing through the air (radiant intensity) and the
hepulse duration and pulse repetition frequency or mayimum
i measurement uncertainty and any expected

ents and procedures for operation and maintenance, including

\{ing procedures and warnings concerning known malpragtices,
[ ailed,

power reductlon system

h) nominal ocular hazard distance according to 6.5. Information for the installer, that a
minimum separation of 2,5 m must be maintained between beams that exceed the MPE
and any surface upon which a bystander can stand. In most situations, the minimum
distance for the installation of the transmitter above the ground or the floor is the NOHD
plus 2,5 m;

i) a statement that the installation condition, mentioned in item h), provides safety for the
bystander, but safety measures have to be applied for service and installation within the
NOHD,;

j) legible reproductions (colour optional) of required labels and hazard warnings to be affixed
to the DE product.
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5 Labelling

5.1

General

Products shall carry label(s) in accordance with the requirements for the following clauses.
Labels shall be permanently fixed, legible, and clearly visible during operation, maintenance or
service, according to their purpose. They shall be so positioned that they can be read without
the necessity for human exposure to optical radiation, during operation, manufacturing and
maintenance, in excess of the limits for Class 3A as determined according to clause 6. Text
borders and symbols shall be in accordance with the requirements of IEC 60825-1, clause 5.

The Igbel size should be adapted to the size of the product.
If the size or design of the product makes labelling impractical, the lahé d with
the uder information or on the package and also with the service infafmatig
5.2 [Class 1
Each Class 1 product shall have affixed an explanatory lab
or instead, at the discretion of the manufacturer n the
information for the user.
5.3 [Class 3A
Each [Class 3A product shall have affixe and an explanatory label bearing the
words):
TO BEAM OR VIEW
ICAL INSTRUMENTS
A LASER PRODUCT

or insfead, at th anufacturer, the same statement may be included jn the
information fg e source is not capable of causing a visual sensation dfrectly
accorgling tothe de I
54 [Cla
Each [Class 3B/produgt shall have affixed a warning label and an explanatory label bearing
the words;

NVISIBCE TASER RADTATION

AVOID EXPOSURE TO BEAM

CLASS 3B LASER PRODUCT

NOMINAL OCULAR HAZARD DISTANCE OF XXX mm

NOTE XXX = NOHD, the minimum safe viewing distance to be determined by the manufacturer.
5.5 Warning for infrared LED radiation

For infrared LED radiation (see 3.5) the word "LASER" on the labels shall be replaced by "LED".
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6 Tests and measurements for classification

6.1

General

Measurement of optical radiation may be necessary to classify a DE product in accordance
with 6.4. Measurements are unnecessary when the physical characteristics and limitations of

the D

Es place the DE product clearly into a particular class. In circumstances where

direct

measurements are impractical, the classification shall be based on the manufacturer's design
calculations. Measurements shall be carried out according to 6.4, under reasonably foreseeable
single-fault conditions. This is valid for products with classifications in excess of Class 1 only.

Tests|of Class 1-products, as long as they do not contain an embedded ice greatel than
Class|3A, are exempt from single-fault considerations.

NOTE | The worst case approach of the test conditions are chosen to ensure thé lues\cannot be
exceeded by infrared sources under reasonably realistic viewing conditions af 3 y This is
particularly valid for the lower Class 1-limits. Within this "safety range" fault induced\e abpve the
maxim@im ratings must not allow the optical output power to exceed the MPE.

6.2 [Determination of the apparent source size

6.2.1| General

Optical sources used for infrared wireless opticag on are usually arrangements
of single or multiple DEs.

Viewgd at normal P : e single diode emitters are
distinguishable and considered as s aII 2 8, sources. If the angular sepdration
between single emitters unger these Vi Itio g’larger than amax the possible Hazard
of thel whole arrangemeng_i 2 2 single emitter. For angular sepafation
less than amax, the mest restrictive : i rom each individual source and pogsible
groupjng, according tg ) 8 all be determined (see also IEC 60825-1,
AnnexX A: ExampleNA. X). Ax ding to the definition in IEC 60825-1, the apparent
sourck size shal\ bg i &\ sfrallest circle containing 63 % of the total gutput
powel (or energy). l'the plastic ehcapsulated DEs, including built-in lenses, refl¢ctors
and sgattering matex| e @gparenisource size due to magnification of the optics as vjewed
from the direction\of amt intensity shall be determined

6.2.2 | Mg

If the [dimersio gpparent source are not known and the source is not accessihle for
measlyirement he source has to be imaged by, for example a lens. Distance and diamgter of
the lens shallkbe taomparable with the required measurement condition for Class 1-AEL (see
6.4). Theldimensions of the image of the source have to be determined according o the
definition.of the apparent source as follows:

a) for source images with circular symmetry, a detector shall be used with a circular aperture
stop in front of it. Both the detector and the aperture stop shall be larger than the image of
the source to be measured. This assembly is placed in the plane of the image of the
source, centred on the optical axis of the propagating beam, and the incident total power is
measured;

b) the diameter of the aperture is reduced until the power passing through the aperture stop is
equal to 63 % of the incident total power. The diameter of the aperture stop at this point
gives the diameter D of the beam in this plane;

c) for rectangular and oblong sources in place of the circular aperture stop, a rectangular
aperture stop has to be used;
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with apparent source distance g and image distance b from the lens, the dimension D’ of
the apparent source may be determined by the relation D = D’ x g/b. When the radiator
distance is not known, or the apparent source does not coincide with the radiation source
(e.g. when the radiator contains lenses or reflectors), the distance g can be determined by
the following formula: g = 1/(1/f — 1/b), where f is the focal length of the lens used to image
the apparent source.

Alternatively, a CCD camera system can be used to obtain the apparent source size from
the power/energy density distribution on the detector. This is recommended if the shape of
the source is not circular or rectangular.

6.3 Determination of the angular subtense
The anhgular subtense of a source is defined by the equation:
a = 2 arctan D/2r O D/r
D is represented by the real or apparent source size (see 6.2) and Kby \h i ng or
meastrement distance (see 6.4) respectively.
For cifcular or square sources, the value of the angular subte is d ined by the angular
subtepse of the diameter or the lateral length respectively X 3 tense
of a fectangular or linear source is determined by i i ; :l:gular
dimerlsions. Any angular dimension that is greater t an (aghax 0 Id be
limited to amax Or 1,5 mrad respectively, prior to d
6.4 |Measurements and classification
Tests|and measurements shall be carrij assifi-
cationl according to IEC 60825-1, cla 'S are
equivalent to the Class 3AAEL. 3 i -1. ssible
emissjon limits of Classes f i
6.5 [Nominal ocular haza
In thg far-field ( basic
"inverge-square-law" y the
followjng formula;
le .
NOHD = in metres
MPE
If the] MPE in W/m?, the radiant intensity Il shall be expressed in |W/sr.
If the MPE is € i % the integrated radiant intensity I shall be expressed in J/sr.
NOTE | The(formula is valid only if the solid angle determined by the beam divergence is larger than the soli¢l angle
over whichth€ power or energy is averaged. For example, the formula is not valid for collimated beams.

6.6

Repetitively pulsed, modulated or scanned radiation

The AEL- and MPE-values for repetitively pulsed, modulated or scanned radiation shall be
determined by using the most restrictive requirement of IEC 60825-1, subclause 9.4.

NOTE (see also IEC 60825-1, amendment 1, annex A, example A.2-4) For frequencies greater than the following
limits, the most restrictive requirement is given by the average power assessment:

For wavelengths between 700 nm and 1 050 nm, when the pulse duration is in the range from 10™° s to 1,8 x 107 s
and the exposure time is in the range from 1,8 x 107> s to 10° s, the value of the limit is 55 174 Hz.

For wavelengths between 1 050 nm and 1 400 nm, when the pulse duration is in the range from 10°sto5x107° s
and the exposure time is in the range from 5 x 107° s to 10°, the value of the limit is 21 896 Hz.

For exposures longer than 0,7 s, the limits are valid only for angular subtenses not greater than 1,5 mrad. For
greater angular subtenses, the limits can be at lower frequencies. For exposures shorter than 0,7 s, the limits
are valid for all angular subtenses.
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6.7

Simplified classification procedure for continuously emitting sources with

wavelengths between 860 nm and 960 nm

If the (averaged) radiant intensity of a source (in W/sr) is known, the following simplified
classification procedure is recommended:

determination or provision (from data sheet) of the actual radiant intensity and peak

wavelength;
determination or provision (from manufacturer, or according to 6.3) of the apparent source
size;
C ity in
figure 1;
if fhese limits are not exceeded, then classify as Class 1, with no fur, expent;
if these limits are exceeded: comparison against the worst imits of
rafiant intensity in figure 2;
if fhese limits are not exceeded under single fault condition, ass 34, and
Iaiel accordingly. Alternatively, at the discretion of the ma 8, the Glass’3A-statement
may be included in the information for the user.
. . " Angular
Class 1-related radiant intensitieg of IR-DEs subtense
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Rigure 1 — Class 1-related maximum allowable radiant intensities of IR-sources
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Annex A
(informative)

Rationale

The safety of laser products, equipment classification, requirements and user’'s guide are
covered by IEC 60825-1. Laser radiation differs significantly from that of other sources due to
the unique feature of coherency and the extremely narrow spatial and spectral distribution, with
the power concentrated in a narrow beam and in a nearly monochromatic spectral line.
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tion limited point. IEC 60825-1 and IEC 60825-2 mainly cover
e human eye from these point sources. In this context, extende
the viewing of diffusely reflected laser beam spots (e.g. onra
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adband with peak wavelengths inAf i

wing) distance;

character@w
case of LE

ource models are preferred.

of the
small
be a
pects

jginally

rity to
ptical

C nor

up to
n the

Ckage
imum

o’model of a Gaussian beam is commonly usked; in

Laserg are mostiix use ophisticated applications while most semiconductor [LEDs
as mass prod psulated optoelectronic devices with limited radiance are Wwidely
used [to impkove ance or convenience in the consumer area. But, mpdern
optoelecuOnic Riconidugtor devices range from coherent single-mode over multi-mode| laser
diodes$ ( SUp inescent diodes" (SLD), "high radiance diodes" up to really incoherent
surfage emitti "on a sliding scale”, depending on the design and the mode of
operation. Asimple distinction only in technical terms between what we call "laser" and [LED"
(stimylated/ spontan€ous emission, coherency, etc.) cannot be made at this time. On the|other
hand,|today there is no generally agreed scientific basis to distinguish between hazards raised
by incdoberent or coherent optical sources. The speciral linewidth of LEDs _SlLDs or LDs lin the

wavelength interval of consideration is of very minor importance for the hazard assessment.
This has not been altered by recent studies.

Therefore, the hazard assessment for this kind of emitters has to depend on the emitted power
or energy, the extension of the source and the related radiation beam characteristic only,

rather

than on the nature of the source.

Related to optical radiation safety, the (new) intermediate emitters are divided into two groups,
due to differences in possible safety mechanisms:

_ "Vi

sible" (LEDs) for displays and indication purposes and "invisible" (IREDSs).
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LEDs, or more generally optical sources, covered by IEC 60825-1, exclusively used for visible
information transmission to the human eye have to meet the requirements of IEC 60825-6.

IREDs, mainly operating in the near infrared spectral range, are used for invisible free air-
transmission of signals (remote control) or data. Under normal conditions, direct intrabeam
viewing is not intended. The application requirements for IREDs are different from those for
LEDs: whereas for visible emitting LEDs, a wide viewing angle is normally important, for
IREDs, a narrow beam width and high on-axis intensity are normally important. The desire to
operate wireless data transmission systems reliably over long distances at high data rates is
partly causrng manufacturers to use high radlance optical sources. Sometimes, the optical
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is

— Nna

— in|the worst case of a fully opened eye pupil (7 m S i . iewing and
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— additional optics between the source and the eye my pased
pgwer collectlon of the extended enfrance apgert } 5 bf the
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But, iffa source is really "igvisi n i , i ce for
the bypassers' or users' s ‘ ixaton, i [ i [ nents.
Thereffore, the definitip i eable
condifions of operation : ated MPE-
relatefd limits ( ‘ i imitation). i , main
differgnce between/this s ificati i -1, first
editio i ' i ghaxat ces in
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detector located~at so i . i i ificati , AELs
and i to be
comp red with data in the manufacturers data sheets In pract|cal cases, a brref V|ew bf the
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are necessary or not. At least, mass applications of low power (low cost) infrared transmitters
(for remote controls or car keys, etc.) may be checked in this way and should not be classified
under single fault conditions as required by the base standard.
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Annex B
(informative)

Conversion of AEL and MPE limits into radiant intensities of IREDs

The measurement conditions in IEC 60825-1 represent a cone “filled" with an AEL- or MPE-
related partial radiant flux (see figure B.2). This can be transferred into a corresponding
allowable radiant intensity if the spatial distribution characteristic of the source is known.
For characterization of the radiation geometry of IREDs,
the model of a modified Lambertian source is commonly
used. [For nearly all theoretical investigations, this cosine
approach of IRED spatial distributions is sufficiently
close o the measured distributions. Compared to the
homogeneous radiance in all directions of a Lambertian
source, most of the narrower beam profiles of LEDs may
be represented by a raised cosine function:

I(@=1y cos" ¢

where
lo is the on-axis intensity;
@ isfthe angle considered;

m is |the modification parameter of the |deaI (
cosine distribution depending on the |
angle yyw of the measured spatial dis

(LED pata sheet):
=1qg 0,5/log(cosyuw)

Examples are given in figixe B

In IEC 60825-1 the

radiatjon power (MW
in irradiance (in ?
Thesg 2

apertu
tance$
cone

8/2000

Figu

Meas
apertyre,at distance r = 100 mm).

sliding™

AEL I ICC{DUICIIICIItD.

a
% mgx Esource size depending aperture diameter [mm] amax = 0,1 rad
a+

where

a is the angular subtense of the source at r = 100 mm measurement distance.

MPE measurement:
d =7 mm (fixed) at distance r=100 mm;

6 = arctan(d/2r): half cone angle of the measurement condition.
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The partial flux A® of a spatial cosine distribution inside the solid angle represented by 8 is:
AP(H) = lp2n(1-cos™10)/(m+1)
with: APpe (0) = AELcjassy for Class 1,
or A®yp(6) = MPE x 3,85 x 107° for Class 3A (herein)

as the allowable radiant power according to IEC 60825-1 for the appropriate wavelength and
exposure duration, the corresponding allowable maximum radiant intensity is:

IaeL = AEL (m + 1)/2m(1-cos™*(6))

radiarjt intensity in axis-direction with a diminishing solid angle.

ses 4 solid

The sfandard condition for radiant intensity measurement (for data sheet
& easuyred.

angle pf 0,01 sr (represented by a half cone angle of 0,056 rad): averaged j»

After ¢orrection for comparison with data sheet values:
Iciass 1 = AEL (1-cos™*(0,056))/0,01(1-cd

By thg above formula for the same allowable (AEL- or
of a narrow beam emitting IRED can be higher th
distrigution. This is also schematically shown in fig

ensity
patial

Howeyer, a calculation shows that al _essen
compared to the ideal cosine calculationill

ensity

o

) aperture for irradiance MPE -

\Q nedsurement
Intensity LED 2 i
Measurement aperture related to source size for
"  optical power measurement
Intensity L;

MPE-related power in Class 3A:
A®ype = MPE x 3,85 x 10°

N\ ; AELciass 1: allowable power in Class 1

LED 2 with narrow (modified) Lambertian

} radiation

TED T With Tdea Cambertiar Characternsits

LED source IEC 609/2000

Figure B.2 — Measurement cone: different radiant intensities for the same MPE corresponding to
the spatial distribution of the radiation
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