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‘ JAPANESE INDUSTRIAL STANDARD ' JIS

Radiation safety standards for laser products C 6802-1991

1. Scope

This Japanese Industrial Standard specifies the safety bases for the
laser light (laser radiation) radiated from laser products and laser systems
(hereafter referred to as "laser products”) with wavelength range 180 nm to
g 1 mm. However, this Standard is not applicable for the medical laser
product.,

Remarks 1. The maximum permissible exposure (MPE) values of this
Standard were developed for laser radiation and are not
applicable to collateral radiatilon,

2, In this Standard, the wavelength range A, to A, means
A=A<A (e.ge 180 nm to 1 mm means 180 nm <A< 1 mm).

‘ ' 3. The Standard cited in this Standard is as follows:
JIS C 6801-Glossary of Terms Used in Laser Safety

4, The international standard corresponding to this Standard
is as follows:

IEC 825: 1984 Radiation safety of laser products, equip-
ment classification, requirements, and
user's guide
Amendment No. 1: 1990

2. Definitions

For the purpose of this Standard, in addition to the definitions in
JIS C 6801, the following principal definitions shall apply:

. ‘ (1) safe measures for laser radiation To prevent hazard to human body
" due to laser radiation.

(2) manufacturer One who carries out the design, manufacture, repair
and modification for laser products and the associated safety
preventive apparatus, and safe measures.

(3) wuser (operator) One who utillzes the laser product by working
(operating) or supervising oneself.

Remarks: One who maintains and Inspects laser products and the
assoclated safety preventive apparatus, and safe measures is
included.
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(4) laser safety officer One who has sufficient knowledge for
performing evaluation and safety control of laser hazards.

Remarks: One who has responsibility for the safety control of laser
products, let the user (operator) to install the laser
product, and to use, to maintain or inspect the installed
products is included. )

(5) safety preventive apparatus An apparatus which reserves functiouns
for safety prevention.

(6) safety preventive measure Measures and means for safety prevention. .

(7) safety preventive device A device in the category of safety
preventive apparatus consisting of a fence (e.g. protective enclosure
or protective housing) which has the function for preventing human
access to exposure of laser radiation or access to laser hazard area.

(8) maximum permissible exposure The maximum level of laser radiation .
to which, under normal circumstances, human body (the eye or skin)
can be exposed without consequential injury which appears immediately
or after a long period of time (hereafter referred to as MPE).

(9) apparent source The real or virtual object that forms the smallest
possible retinal image.

This definition is used to determine the location of the apparent
origin of laser radiation in the wavelength range 400 to 1400 nm,
Where the apparent source is assumed being located in the eye's range
of accommodation (= 100 mm). In the limit of vanishing divergence,
i.es in the case of an ideally collimated beam, the location of the
apparent source goes to infinity.

3. General rule for safe measures of laser product

3.1 General General requirements which must be fulfilled by both
manufacturer and user are as follows: ‘

(1) The manufacturer, laser safety officer and operator shall take an
appropriate safe measure to prevent the hazard due to the laser
product and its use.

(2) The laser safety officer shall carry out the education and training
concerned with laser safety measure for the operators.

(3) For the modification as affects any aspect of the product's
performance or intended functlon, the person performing any such

modification shall be enforced the reclassification and relabelling a
of the modified product.
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3.2 Criterla for exposure of the eye and the skin

3,2.1 General The determination of the threshold values for human
body (that is to say, biological damage to the eye or the skin) is essential
as to establishment of the safety criteria of laser product. The threshold
value at the occurrence of injury vaires according to the wavelength of the
radiation, the shape of oscillation of laser product or whether the laser
source is a polnt source or an extended source (see Informative reference 1).

: (1) MPE The maximum permissible exposure (MPE) is based one tenth of
the laser light internally at which occurrence rate of injury by
the laser radilation 'is a level of 50 %.

MPE for the eye differs from that for the skin, and the MPE for the
eye in intrabeam viewing differs from that in extended source
viewing. When the visual angle of viewing light source is greater
than the limiting angular subtense o¢mn , it 1s called extended
source viewing. MPE's for the eye In intrabeam viewing and
extended source viewing are shown in Tables 1 and 2, and the MPE

. for the skin is shown in Table 3,

-~

Remarks 1. The MPE values should be used as guides in the control of
exposure to human body, and should not be regarded as pre-
cisely defined boundary between safe and dangerous levels,

In any case, safe preventive measures should be taken to
minimize the exposure of the human body to laser radiation
within an extent for 1lntended purpose.

2, MPE for the eye means that on the cornea.

Informative reference: The MPE values are related to the wavelength of
radiation, the pulse duration or exposure time,
the tissue at risk; and for visible and near
infrared radiation in the wavelength range 400
nm to 1400 nm, the size of the retinal image.

) ‘ (2) Additivity of MPE When a laser emits radiation at several widely

: different wavelengths, or where pulses are superimposed upon a
continuous wave (hereafter denoted as CW) background, calculations
of MPE shall be made with the following conditions sufficiently
taken into account. '

Exposures by radlation from several wavelengths should be assumed
to have an additive effect on a proportional basis of special
effectiveness according to the MPEs of Tables 1 to 3 provided that:

(a) The difference between pulse widths or exposure times shall be
within one order in magnitude.

(b) The spectral regions which have additional effect are as shown in
Table 6.

In Table 6, where the wavelengths radiated are not shown as
additive, the MPE 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). Documents
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Table 1. MPE for the eye at intrabeam viewing
(see Attached Figs. 1 and 2)
Wave- ) Exposure timef (s) Limit-
length ing
(nm) <10~ [10-%010-7|10-7t0l0-¢| 10-5to |1,8%10-5 | 5X10-5| 10tol0® |10°tol0*| 10%03 X 10¢ |aper-
1,8X10-5 [to5x10-5| tol0 ture ma
180 to 302.5| 3x10% 30 Jom? 1
- | W.m- v
302.5 to 315 C J'm™? §t< T,; C, J'm™2
C,Iom™2 (=T,
315 to 400 C, J-m-? 104 J-m-? 10 Wem-2 .
400 to 550 5% 108 5%10-3 J-m~2 18X 976 J.m~2 100 J.m~2 102 Wem=2| 7
Wem—2
550 to 700 18X 075 Jom=2 | CyX 1072
' (T W.m~2
C, X102 Jom~2
(t=Ty)
700 to1050 5% C,x108 5X C,X107% Jom2 18X Cy X 27 Jom2 3.2XxC, Wem™?
®
1050 tol400 5X 107 5X10-2 Jom~2 90X {07 Jom—2 16 Wem—2
Wem—2
1400 to1530 |10"W.m~2|100 J-m™2 5600 026 Jom-2 1000 Wem—2 1
1530 to 1550 1,0X10¢ Jom-2 5600 9% J.m2
1550 to 10° 100 J-m~2 5 600X (0% J.m-2
10° to010° 11
Remarks: For repetitively pulse laser radiation, apply the provision of
3.2.2.
Table 2, MPE for the eye at extended source viewing
(see Attached Figs. 1 and 3)
Wave- 2 Exposure timef (s) Limit-
length ing
(am) <10-* 10-%t0l0"7 | 10~%t010¢ | 10-%tol0 | 10tol0-3 ‘ 10°%tol0* | 10%t03x10* |tire mm
180 to 302.5 3% 1010 30 Jom? 1 ‘
Wom-2 .
302.5 to 315 C,J-m2 gt< T,g C, Jrm~?
C, Iom~2 ({2 T,
315 to 400 C, Jom™? 104 J-m-2 10 Wem2
400 to 550 101 Wem=2 105X 032 Jom~2egrt 2,1X 105 Jom~2sr-! 21 Wem—2. | 7
sr? sr!
550 to 700 3.8X104X 07 Jom~2esrt| = 21X Cy W+ '
(< Ty) m~2egr-1
2.1X CyX10° Jem=2.gr~!
(r=Ty) _
]
700 to 1050 108 % C, W- 108X Cy X 0% Jom~2osr-! 3.8X10¢X | 6.4X10*X C* Wem2esr!
m~2esr~} Cix 075 ],
m~2esr1
1050 tol 400 5X 101 W 5X 108X 933 Jom—2egrt 1.9 105X 3.2X10* Wem2egr}
m—Z,ST—-l t0.75 J.
m—2egr~!
1400 to1530 10" Wem=2 | 100 J-m~2 5 600X 925 Jom=2 1000 W.m-2 1
1530 to 1550 1.0%10* J-m=2 5600 X 4025
®
1550 tol0° 100-Jem—2 5 600X %28 J.m—2
ST | Documents
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Table 3. MPE for the skin (see Attached Fig. 1)
Wave- ) Exposure timef (s) Limiting
length aperture
(nm) <10-° © 107%tol0~7 ‘ 10~tol0 10tol0? 10°to3 X 104 mm
180 to 302.5 | 3X10! W-m™2 30 J-m—2 1
302.5 to 315 C, J'm~? §t< Tl; C, J-m~2
Cz J' m—2 tz T1
315 to 400 C; J-m—2 104 Jom~2 10 Wem—2
: 400 to 1400 2X10" Wem=2 200 Jem—? 1.1X104X $025 Jem—2 2000 Wem2
1400 tol(s 10" Wem=2 100 Jom™2 5600X %25 Jom—? 1000 Wem™2
10° tol0° ' 11

Remarks 1.

2.

-

Remarks to Table 1 to 3.

There 1s only limited evidence about effects for exposures of
The MPE's for these exposure times have

not more than 1079 s,

been derived by assuming that the irradiance, radiance, or

radiant exposure continues for 107° s,

Correction factors G,

G, G

and C, and break points 7; and

T, used for Tables 1 to 3 are defined by the formula given in
Table 4 and illustrated in Attached Figs. 4 to 9,

Table 4
Parameter ‘igxgl‘e:gth %ggi‘:hed
C,=5.6X10°% o2 302.5 to 400 4
T,=10%80-29%) 10-15 | 302.5 to 315 5
C,=1002(3-29%) 302.5 to 315 6
T,=10X 10%02A~550) 550 to 700 7
C;=100-015(2-550) 550 to 700 8
C,=1(fa-700)500 700 tol050 9

The limiting angular subtense is the fuﬁction of the exposure
time as shown in the table below and Attached Fig. 11,

Attached Fig, 11 is applicable only when the angle subtended at
the eye 1s greater than the limiting angular subtense.twn.

If 1050 <A< 1400 om and ¢< 5 x 107° s hold, the limiting
angular subtense omn in Table 5 is increased by a factor of 1.4
(see Attached Fig. 11).
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Table 5
Limiting angular Exposure £(s) Attached
subtense Qmin (rad) time 5 Fig,
0,008 <10-® 11
0,000 25 x 017 107%¢01.8X10°°
0.015x po2t 1.8X1075¢0l0
0.024 >10

Table 6. Additivity of effects on eye (0) and skin (8) _ s
of radiation of different spectral regions

Spectral region|180 to 315 nm| 315 to 400 nm| 400 to 1400 nm | 1400 to 10° nm
180 to 315 mm 0
5 O
315 to 400 nm 0 S 0
S S
400 to 1400 nm S 0 S
S
1400 to 10° mm , 0 S 0
‘ S ' S

Remarks: The spectral regions are expressed as additive by the symbols (0)
- for ocular and (S) for skin exposure in the matrix of Table 6.

The regions without symbols mean that the regions are not
additive. .

3.,2.,2 Limiting apertures An appropriate aperture should be used for
all measurements and calculations of exposure values., This is the limiting ‘
aperture and 1s defined in terms of the diameter of a circular area over
which the irradiance or radlant exposure is to be averaged. Values for
limiting apertures are shown in Tables 1 to 3.

Remarks: These values of ocular exposures to visible and
near~infrared radiation are measured over a 7 mm diameter
aperture (pupil). The MPE value is not to be adjusted to
take into account smaller pupil diameters., Additionally, the
MPE values in Table 2 for wavelength 400 nm to 1400 nm should
be averaged over an angle less than cdmn. .

3.2.3 Repetitively pulsed or modulated lasers The following methods
shall be used to determine the MPE applicable to the exposure to
repetitively pulsed or modulated lasers.

(1) The MPE at wavelength 400 nm to 1400 nm is determined by using
the most restrictive of requirements (a), (b) and (¢) as

appropriate. '

The MPE at other wavelengths is determined by using the most
restrictive of requirements (a) and (b). Documents
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(a) The exposure from any single pulse within the train shall not
exceed the MPE to a single pulse.

(b) The average irradiance for a pulse train of duration 7T shall
not exceed the MPE given in Tables 1 to 3 for a single pulse of
duration T,

(¢) The exposure from any single pulse within the train shall not
exceed the MPE..n calculated from the following formula (see
Attached Fig. 10):

{ _ MPE; = MPEslngle XN

where, MPE,.,: exposure from any single pulse in the train
MPEgue ¢ MPE for a single pulse '
N ¢ number of pulses expected in an exposure

3.3 Evaluation of hazard and classification

3.3.1 General Because of the wide ranges possible for the wavelength,
energy content and pulse characteristics of a laser beam, the hazards
arising in thelr use vary widely. Since 1t is iImpossible to regard lasers
as a single group to which common safety limits can apply, it is necessary
to classify laser products.

3.3.2 Classification of laser products Laser products are grouped
into the following general classes for each of which accessible emission
limits (AELs) are specified:

(1) Class 1 lasers Class 1 lasers are those that are inherently
safe (so that the maximum permissible exposure level cannot be
exceeded under any condition) or are safe by virtue of their
engineering design. The upper limits of AEL of Class 1 are given
in Table 7 and are derived from the most limiting MPE values.,

‘ (2) Class 2 lasers Class 2 lasers are low power devices emitting
visible radiation (in the wavelength range 400 nm to 700 nm) and
which may operate in either CW or pulsed mode. The output power
or energy of Class 2 laser with a duration of radlation up to
0.25 s shall be limited to the AEL of corresponding Class 1
laser. For a CW laser, the upper limit of the output power of
Class 2 laser with a duration of radlation 0.25 s or more, is 1
mW (see Table 8),

Informative reference: These lasers are not intrinsically safe but eye
protection is normally afforded by aversion
responses including the blink reflex.

(3) Class 3 A lasers Class 3 A lasers are lasers whose AEL in the
spectral region of 400 nm to 700 nm is up to 5 mW for CW lasers,
or five times the limit of Class 2 for repetitively-pulsed and
scanning lasers in output power or energy. However, the
irradlance at any point in the visible beam must not exceed 25

. Wem -2 (see Table 9).

For other spectral regions the laser radiation must not exceed
five times the AEL for Class 1 and the output irrrdiancﬁ@cuments
radlant exposure listed in Table 9 must also not Ix ~fCQﬁ§§ﬂnentShannglﬂub
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Informative reference: For lasers emitting in the range from 400 mm to
700 nm, protection to the unaided eye is
afforded by aversion responses including the
blink reflex., But, direct intrabeam viewing of
Class 3 A laser beams with optical alds (e.g.,
binocular telescopes) may be hazardous.

(4) Class 3 B lasers Class 3 B lasers may emit visible and/or
invisible radiation at levels not exceeding the AEL's specified 1
in Table 10, CW lasers must not exceed 0.5 W and the radiant
exposure from pulsed lasers must be not more than 10°% J-m™2,

Remark: In this Standard, simple expression of Class 3 laser includes
Class 3 A laser and Class 3 B laser,

Informative reference: Direct intrabeam viewlng near these devices is
always hazardous. Viewing unfocused pulsed
laser radiation by diffuse reflection is not
hazardous and under certain conditions CW laser ‘
beam may safely be viewed via a diffuse
reflector,

(5) Class 4 lasers Class 4 laser are high power devices with output
power exceeding the AEL's specified in Table 10 for Class 3 B,

Informative reference: All class 4 lasers are capable of producing

: : hazardous reflections. They may cause skin
injuries and could also constitute a fire

hazard. Thelr use requires extreme caution.

3.3.3 Classification procedure Classification procedure is as follows:

(1) Responsibility for classification It is the responsibility of
the manufacturer to provide correct classification of a laser

product.
If the modification of a previously classified laser product
affects any aspect of the product's performance or intended '

functions, the person or organization who performed such a
modification is responsible for ensuring the reclassification
and relabelling of the laser product (see 4.3).

(2) Classification of laser products

(2.1) General The product shall be classified on the basis of
that combination of output power(s) and wavelength(s) of the
accessible laser radiation over the full range of operational
capability at any time after manufacture which results in its i
allocation to the highest appropriate class. The accessible
emission limit (AELs) for Class 1, Class 2, Class 3 A and
Class 3B (listed in order of increasing hazard) are given in
Table 7 to 10 respectively.

Documents

Document Sharing Hub

Full document details: JIS C 6802-1991


http://www.avadocuments.com/doc/jis-c-6802-1991
http://www.avadocuments.com/doc/jis-c-6802-1991

JIS C(xb&02 91 MM 493308 0501033 © M

(2.2)
(a)

(b)

(e)

‘ o (2.3)

(2.4)

(a)

(b)

(2.5)

) (2.6)

Eull document details: JIS C 6802-1991

9
C 6802-1991

Time basis for classification In this Standard three time
basis (a) (b) and (c) given below are used. If the reduced
duration [(b) or (c)] is used, this shall be recorded on the
explanatory label with the intended use of the laser,

30000 s for laser radiation of wavelengths less than or equal
to 400 nm and for laser radiation of wavelengths greater than
400 nm where intentional viewing was inherent in the design
or function of the laser product.

1000 s for laser radiation of wavelengths greater than 400 nm
unless intentional viewlng was inherent in the design or
function of the laser product.

iOO s for the Class 3 A in the wavelength range of 700 to
1400 nm.

Radiation of a single wavelength Single wavelength laser
products shall be classified according to the laser radiation
passing through the aperture as given in Table 7 to 10,

Radiation of multiple wavelengths ° Laser products which emit
multiple wavelengths shall be classified as follows:

A laser product emitting two or more wavelengths in spectral
regions, shown as additive in Table 6, 1s assigned to a class
in accordance with Tables 7 to 10 when the sum of the ratios
of the laser radiation passing through the aperture to the
AELs for those wavelengths is greater than unity for all
lower classes but does not exceed unity for the class
assigned.

A laser product emitting two or more wavelengths not shown as
additive in Table 6, is assigned to a class when the laser
radiation passing through the aperture exceeds the AELs of
all lower classes for any wavelength but does not exceed the
AEL for the class assigned for any wavelength,

Human accessibility conslderations for classification
(protective housing) If through any port in the protective
housing a portion of the body can be exposed to laser
radiation by failure mode, or insertion of a portion of the
body, the laser product shall be classified, labeled, and
otherwise treated in conformity with the radiation existing at
that site and the portion of the body to which that radiation
can be presented.

Class 1 dual limits 1In the wavelength range from 400 nm to
1400 nm dual limits exist for Class 1 laser products. A
laser product is classified as Class 1 if it complies with at
least one of the two sets of AEL values ("radlant power or
energy"” and "radiance or integrated radiance") specified in
Table 7.
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(2,7) Angular subtense @ For the purpose of classification the

angular subtense ¢ used as the basis for distinguishing
direct intrabeam viewing from extended source viewing shall
be calculated (or measured) at the smallest possible distance

from the apparent source but not less than 100 mm (see
limiting angular subtense amn in JIS C 6801),

3.3.4 Repetitively pulsed or modulated lasers Since there are only
limited data on multiple pulse exposure criteria, the following methods
shall be used to determine the AEL applicable to exposure to repetitively

pulsed radiation,

(1) The AEL for wavelengths 400 nm to 1400 nm is determined by
the most restrictive of requirements (a), (b) and (c) as

using

appropriate. PFor other wavelengths the AEL is determined by

using the most restrictive of requirements (a) and (b).

(a) The exposure from any single pulse within the train shall not ‘

exceed the AEL for a single pulse.

(b) The average power for a pulse train of duration T shall

not

exceed the power corresponding to the AEL given in Tables 7 to

10, respectively for a single pulse of duration T.

(c) The exposure from any single pulse within the train shall not

exceed the AELu,, calculated from the following formula
Attached Fig. 10):

AELratn= AELgjnge X Nt

(see

where, AEL,,,* exposure from any single pulse in the train

AFLg,ge ¢ AEL for a single pulse

N : number of pulses during the applicable time base

Full document details: JIS C 6802-1991
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Table 7. AEL for class 1 laser products (see Attached Figs. 12 and 13)

Wave- A Emission duration ¢ (s)
length
(nm) <10-® 10-°t0l10-7|10-7tol0¢| 10%to |1.,8X107%| 5X10°5 10tol0? 1030104 10¢to
1.8X10°%) to5X10-8 tol0 3% 104
180 to 302,_5 2.4X10¢ W 2.4%X10-% ]
! 302.5 to 315 7.9%x1077C, J §t<Tlg 7.9X1077 C, §
u 7.9%X1077C, J (=T,
315 to 400 7.9X1077XC, ] 7.9% 7.9X10-% W
i 10—3 J
' 400 |Radiant 200 W 2%1077 ] TX1074X 075 | 3.9%103 J 3.9%
to |power or ' 107 W
550 |enersy
Radiance or |10'! Wem~2. 105X 233 Jem—2.gr~! 2.1X10% Jem~2ssr! |21 Wem—2.
integrated sr! sr-!
radiance .
‘ 550 |Radiant 200 W 2X10°7 J TX10~4X 075 TX10-# % 075 ] 3.9x10°7
to |power or (< Ty XCy W
700 |eversy 3.9X103XC; J
(t=T>)
Radiance or |10 Wem—2. 108X #0933 Jom~2.5r—! 3.9X104X %7 Jom~2.]21 X C; W~
integrated sr—! st! ($<TY) m~2.sr™}
ltadiance 2.1x105X Cy Jom™2.
st (12 T)
700 | radiant 200xXC, W 2X1077XC, ] TXI04X 15X Cy T 1.2X104XC, W
to | power or .
1050 | enersy
Radiance or|10M' X C, W 105X 932X Cy Jom=2.srt 3.9X10¢X(6.4X103X C, W-m~2.
integrated m~2esr—! $178% C, J- sr—!
radiance m—2.sr~1
1050 | Radiant 2X108 W 2X10-% ] 3.5X103x 078 6X10~4* W
to | power or
1 400 energy
Radiance or |5 X 10" W. 5X 105X 933 Jom~2egr—! (1.9%X105%| 3.2X10* Wem~2-sr~!
integrated |m—2.gr~! 075 J.
radiance m~2esr~}
‘ 1400 £o 1530 | 8x10* W |8X10-°J L 4.4X1070X 1025 | 8X10~ W
¥ 1530 to 1550 8X1073 ] | 4.4X103X 0% ]
1550 to10° 8X10-%J 4.4X1073x 025 T
105 £o 10°¢ 10" W 102 ] 0.56% 025 ] 0.1 W
Table 8, AEL for class 2 laser products
Emission
Wavelength duration ¢ (s) AEL
A (nm)
400 to 700 |- £<0.25 Same as AEL for class 1
£120.23 (see Table 5) 1073W
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Table 9, AEL for class 3 A laser products l
Wave~ 2 Emission duration { (s)
length
(nm) <10-% [10-%to0l0-7|10-7tol0-¢| 10-%to | 1,8X10°5| 5x10% | 0.25tol0 | 10tol0® 103 to
. 1,8X107% | to5X10°%| to0,25 3x 104
180 to 302.5 | 3xlot 30 Jom~2
. Wem—2
302.5to 315 1,2%x10° 4X C,x107% Jand C; J-m~2 Etg T‘§ 4X C,%x10°¢ J and G, '
. Wand‘%X 4%107XC, Jand C, I'm~2 ({< T} Jem~2
1010 W : :
315 to 400 m-2 4%x107¢X C, Jand C, Jom~2 4x1072] |4X10-5 W
and 10* J+|and 10 W+ s
m~? m~2
400 to 700 1000 W 10-¢ J and5X10~? Jem=? 3,5X1073X % Jand|  5%X10~® W and25 W.m"2
i and5 X 106 18X 075 Jem=2 (Aversion responses protect
W.m-2 for emission > 0.25 s)
700 to 1050 1000X C, |1078X C; Jand 5X C; X108 Jem~2| 3,5X10-34%7X C, J and18X C,; X %78 Jem~2 [ 6X1074C,
W and5 X Wand 3,2
C, X 10¢ XCy W ‘
Wem~2 m-2
1050 to1400 |10 Wand 1075 Jand 5X 102 J.m~? 1.8X1072X 075 J and 90 X (75 J+|3X10-% W
5X107 W. m~2 and’1l6 W-
m-2 m~—2?
1400 to1530 |4X105 W |4X104 ] 2.2X10-2X 925 Jand'5 600X 225 J.m—* 4% 10~* W and 1000
and 10! |and 100 J- Wem~2
Wem—2 m~2
1530 to 1550 . 1,0x10% Jom~2 2.2X10-2X %25 J and 5 600 X £%% J.m~2
1550 to 4000 4104 J 2.2%1072X %% | and5 600X %5 J.m~2
and 100 J.
4000 tolo® 10" W. |100 Jem~—2 5600 X 92 J.m~—2 1000 W-m2
m-2
Table 10, AEL for class 3 B laser products
Emission
Wave~ 2 duration t(s) ‘
length
(am) <10-° 10~%t00.25 0.25t03 X104
180 to 302.5 3.8X10° W 3,8x107% ) 1.5X10% W
302.5 to 315 1,.25X104%X C, W 1.25X1075XC, J 5%1075C, W
315 to 400 1.25%108 W 0.125 ] 0.5 W
400 to 700 3.14X 10" Wem-2 3.14X 108083 Jom~2 :
and <10° J.m~?
700 to 1050 3.14X10% C, Wem~? 3,14 X 105C, 03
Jem—2 and <10°% Jem—2
1050 to 1400 1,57X102 Wem~—2 1,57 X108 933 Jem—2
and <108 Jem~2
1400 to-10° 101 W.em~2 105 J-m—*
Remarks to Tables 7 to 10.
Remarks 1. There is only limited evidence about the effect at exposure of

not more than 10 ~° s,

The AEL's for such an exposure time are

those when the irradiance, radiance, or radiant exposure is

maintained for 10-° s,
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Remarks 2. Correction factors G to C; and breakpoints 7, and 7: used in
Tables 7 to 10 are defined by the equation of Table 11 and are
shown in Attached Figs. 4 to 9.

Table 11

: Parameter ¥Zzzien§;h Attached figure
Ci=5.6X10° o 302.5 to 400 4
‘ Ty=100s-2910-15 | 302.5 to 315 5
C,=1002(4-295) 302.5 to 315 6
T,=10x 10002450 | 550 to 700 ' 7
‘ Cy=100-015(4-550) 550 to 700 8
C, =10t -700)500 700 to 1050 9

3.3.5 Semiconductor laser light source Semiconductor lasers used
for optical fiber transmission systems (OFTS) or optical transmitting
equipment accommodating the semiconductor laser for OFTS have the
nature of largely divergent emitting beam with the various divergence
angles which differs from the nature of usual solild state lasers or gas
lasers., :

As explained above, an exposure dose to the eye greatly depends upon
the type of light source and the distance between the light source and the
eye, it 1s necessary to consider these matters for the classification,

Also the osclllation wavelength of semiconductor laser light sources is
distributed from visual to near-infrared spectral region. Therefore, it is
necessary for the exposure dose evaluation to take the difference in hazard

‘ due to wavelength into consideration.

Thus, the accessible emission limit (AEL) applicable for exposure to
the semiconductor laser light source for OFTS may be defined in accordance
with the followlng:

(1) As the emitting diameter of semiconductor laser light sources is
at most 150 ym, all cases belong to the viewling criterion within
" the limiting angular subtense amn even if observed from the

nearpoint of accommodation (100 mm) (see Attached Fig. 11).

i Consequently, the maximum permissible exposure (MPE) to the
intrabeam viewing can be applied, and the Class 1 AEL values for
radiance or integrated radiance defined as one of the Class 1
dual limits are not applicable., However, for light sources of
emitting diameter 150 pm to 2.4 mm, whether the source is within
the limiting angular subtense awn or not is discriminated by
taking the exposure time and the wavelength into consideration,
and the provision for the integrated radiance shall be applied if

. the source exceeds the limiting angular subtense amn «
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Generally, the exposure dose to eye increases with decreasing
divergence angle (9) of the light source (full angle at half
maximum) and distance (d) between the light source and the eye.
As MPE values and AEL values are specified in the standpoint of
the retinal hazard for lasers with wavelength less than 1400 nm,
at a distance (d) less than the nearpoint of accommodation, the
possible hazard is reduced, in spite of increase of total
exposure dose, because of the faded and spreaded retinal image.
Consequently, the nearpoint of accommodation (100 mm) can be used
as the distance (d) for the worst case, therefore the
classification may be determined by means of exposure dose
through the limiting aperture (7 mm diameter) placed at the
distance of 100 mm from the light source for the wavelength range
less than 1400 nm. Meanwhile, for wavelength not less than 1400
nm, the injury by absorption in the anterlor structures of the
eye (for instance, cornea) is mainly caused, therefore, an injury
is apt to occur when the distance (d) between the light source
and the eye becomes shorter., Since the case when the distance
(d) becomes much shorter than the nearpoint of accommodation can
be considered as instantaneous, assuming that the distance (d) is
10 mm and the exposure time is 0.25 s, the classification may be

. determined by means of exposure dose through the limiting

(3)

aperture (1 mm diameter) for the wave-length region.

Thus, for semlconductor laser light sources having a divergence
angle ¢ , the product of the correction factor 7 defined by the
following formula and the AEL to each class (Tables 7 to 10)
shall be taken as the AEL applicable to each class.

1= e[ =4 Tn é-aﬁ(dz-65]7""”"""'""""""" (D)
where a ! limiting aperture
d 3 distance between light source and eye
For A< 1400 nm: ¢= 3,5 mm, 4= 10 cm
For A= 1400 nm: ¢= 0,5 mm, 4= 1 cm

Correction factor 7 for divergence angle ¢ (full angle at half
maximum) is shown in Attached Fig. 16,

AEL values determined by means of the above-mentioned method are
only applicable when an optical instrument (except correcting
lens such as eyeglasses) is not used. In other words, they are
not applicable for such a case that an eye-loupe or microscope,
semiconductor lasers having lens for collimator or equipment
provided with optical fiber connector having lens is used,

Documents

Document Sharing Hub

Full document details: JIS C 6802-1991


http://www.avadocuments.com/doc/jis-c-6802-1991
http://www.avadocuments.com/doc/jis-c-6802-1991

JIS C(xk802 91 WM 4933608 0501039 3 M

Remarks 1.

2.

Full document details: JIS C 6802-1991

15
C 6802-1991

In the measurements of laser radiation for classification
of usual laser products radiant power (W) or radiant energy
(J) within a circular aperture stop not exceeding 80 mm
diameter shall be measured [see 3.4.2 (6)]. This means
such an assumption that the laser beam is observed by means
of optical instruments such as a telescope of diameter

80 mm. The classification of semiconductor laser light
gources, as prescribed in (3), is exempted from the re-
quirement of 3.4.2 (6), provided that any optical system to
reduce a dlvergence angle of emergent beam is not included.
When optical instruments especlally such as eye—lupe,
microscope etc. are used, 1t 1s necessary to determine the
AEL by taking such facts into consideration that the
convergence factor and imaging size are related to the
properties of optical equipment and light source (for
instance, divergence angle, diameter of emergent beam,
wavelength etc.) and a difference of viewing time (exposure
duration) etc.,

A divergence beam angle ¢ of a semiconductor laser light
source can not be defined universally because of large
variance 1n laser waveguide size, but in respect to optical
fiber, a divergence angle can be defined by means of its
parameters, For multimode optical fiber (MMF), utilizing
such a relation that the full divergence angle ¢ (¢™®) at
the point where the power density becomes 5 % ( ¢* ) of its
peak value is equal to two times of the numerical aperture
NA, a full angle at half maximum ¢ is obtalned from the
following formula.

i — 1‘;)2 6 (&) =2¥NAx0,961 . NA

Thus, correction factor 7 is given by,

1

1—6H<73;%%%7) B ¢

Mo (MMF) =
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