d| o] A

ol A

L.

Safe Use of Lasers

A

%

371 AAF delAsledTF1F

dole 4 RN ARAHoZ )
ugdo] f487 AgHE B FY7
t dolAY 240 AF FAHY AY
o =29 A7 42 4 Aok AAIFA
AHUNE AdF 999 dolA We ol
uolx gon, F40 2ow A2 @
£ wgoz wag sbs4el gonz 9
¥ AT A E=, doA 71871
ZE WY EFHR, SEE FHER
Hol ol 7lolAL} Lol AWE EAGHIL
Sich. webA, AolA AL AAAES o]
A 2 AEA 2T gl ARAT A
Q451 G4 HFL sholop Bk

. &lol™ f&(laser hazards)

#dolA Algoz 3 FHAAsF e
Jde APES UL Zo] 7€ F Ut
@ #HolA LAte] wE 918 (laser radiation
hazards)
@ 383 A4 (chemical hazards)
@ 713 $14 (electrical hazards)
@ 2234 998 (secondary harzards)

1.1 #olA WAe] 4 & A

g5 g0l A7t3 e A A2A A3E, 19999 124

gdolx W WAle g o FRIH
Zrzy A g2 AEETH FgS vA
At
(D Non-ionizing radiation : Optical radiation
(ultraviolet, visible, infrared)
@ Ionizing radiation : X-rays, Gamma rays

T, dold ol Al hE FFoA
53 BAA A& A& w3 AR U

ol

111 &= g AF (eye hazards)
golA Wol AHY Ex v Foll o)
HRALE O] Foll %S W #HolA ¥
of wat Fof 892 2t} A& ue} v
w71 Hx X ol W dF}E ®
€ Bstgagoz oo Jed Hie 2
< AE dodoh (¥ 1 #x)
® 3 400~1400nm(visible and near-
infrared spectral range)9] W& W44
o 3348 + Jeoy, g3, Fsz
£(430nm F29 W)ez PHANE
dozit,
@ =% 200~400nm ¥ 1400~10°nm
(ultraviolet and far-infrared spectral



A A

region)®} W& 2%, FRA 9 )
F45H9 34, AEAE Futsle W
W 58 4ozt

¥, #e P2 Zo Yol A WAL £
Ago @ Pebsa FAEY Fol Yol
Uz 129 A4AsE Qoo

PETIA
[T /
L2 7
"
\ b
Near Tettared S e
(400 - 1400 nav) -
VIRBOUS
o
/, 1
AQUEOUS COMEA
RETIA
Mid-Infrared and
(1400 nm - 1 mum)
and
Middle-Uktraviol
(180 1m - 315 nm)
AETA
Lo ,,
- /
\\ \
Near-Ultraviok \‘\
(315 - 390 pm). R
VITREOUS
/
/ !
’ t
CORMEA

ad 1. 7 HFde dolA ¥ F5 39

1.1.2 ﬂ—'?—oﬂ 3k 918 (skin hazards)

@ I 230~380nm(actinic ultraviolet)2]
golx WL ZulFEPEA)oY FHE
g g £ ok MY AYPE IY
£ 280~315nm 3 hol|t}
® 3% 700~1000nm(infrared)e} # o1 A
& R34 Hxd AR E

]

i)

o
Saa

1.2 3183 9% (chemical hazards)

A g ol A(excimer, dye and chemical
laser)N A ® 2L 93 AEdE ARE
< gAY =49 EHomz FIE
dlob 3o} =3 £, Ad 59 A8 T
Fo fF57t2y nAgAEed 9% fE=
A o

1.3 A713 93 (electrical hazards)

Holxe #HAd 71 ABHA AL
HA71H 98 s4oith 53] 1&F #HolA
dAs ¥ 2L AT z3gD AT
AolxE FEHY AHel de AYAT
thFojof 3o},

14 2343 9138 (secondary hazards)

© ¥z A A& (cryogenic coolant, &3],
LN2)9] 91¥

@ 129 dolARE Yer 48

® Optical pump & lamp ¢ &

@ 34

2
=2

# dolA Wl 2t ol @
t see QA 9o =

S dudd SrEOE ge BE
AolA ZAZ B 2
#e 1/108 MPE

ORI
2 flo #u o
rodn ot
o, jo

o P £
9’:

Ir T
) -{

A&l 50%7F HE
(Maximum Permissible Exposure : 3t} 3
£ =&3En Fed. MPEE A
#3 =EFFE Bt AFEA ALH
i, olRAL A¥FEY AHFERY] PR
AAZSn & ¢+ Ao

ANSI 71361 o]y JIS C680291A4 =3}

.

Journal of KSLP Vol. 2, No. 3, December, 1999



golA A

9% W@ MPE: 2z AsiA slow,
Aol A HAH ZAAIIG FlEke] EA}
2A(A4%, W25 $)o) ©ed MPEE
geA A5 Yom, ® 1~39 3
o gt

2.2 #olA A7 9 FP2(class) T¥

golA wAJE FAHQ AdsEd o
g 22 1~49 4719 FH22 EF3L
Adct. 92 FEL H8 9= 1 AEL
(Accessible Emission Limit : 3 & %& &
Aol AMA deH, o VA=A
(limiting exposure duration, Tmax)°] Tmax
= 3%x104 sec (2F 8AIZHAA F 1~39
MPEE Z%33x && ¢AdTd +&& 90
g} =3, AEL = MPEXALP (Area of
Limiting aPerture)& <v|&n, ALP+= %
49 FAHS . wahA, FA;L 1 AEL
& zAzAC i3 HolA W o=
FARA Hu o]g V|FLE 39 S
g BHsta Yok 3 2 ol AR
A¥=7t aA Hz, 92 471 HE A9
=7t =

¥ 1 Intrabeam MPE for the eye for selected

CW lasers
Maximum
Wavelength Permissible Exposure
Laser Type (um) Exposure Duration
Jan) Wan) (s)
Argon 025 3x10° - 10t 3x10°
Helium-Cadmium 035 1 - 10to 3x10°
Argon 051 1 - 10t 3x10°
Helium-Cadmium 046 - 25x10° 0%
Argon 04880514 10° - 10 to 10*
Argon 040514 - 10° >10°
Heljum-Neon 062 - 25x10° 0%
Helium-Neon 062 10x10° 10x10° 10
Helium-Neon 062 017 - > w10
Helium-Neon 062 - 17x1et >1et
Krypton o6 - 25x10° 0%

3
Maximum
Laser Type Wavelength Permissible Duration
(m ——— %“"’S“‘e_
Jam) Wan) )
Krypton 0647 10x10° 10x10° 10
Krypton 0647 08 - Sl
Krypton 06 - ®»a® W
InGaAIP 060 - 25x10° 05
GaAs 06 - 08x10®  >1000
Neodymium'YAG 1 - 16x10®  >1000
InGaAsP 1310 - 128x10°  >1000
InGaAsP 150 - 0l >10
Carbon-Dioxide 060 - 01 >10

¥ 2 Intrabeam MPE for the skin for selected

CW lasers
Maximum
Wavelength Permissible Exposum
Laser Type um) Exposire Duration
Jar) Wen) Y
Argon 02 ax0® - 3x10°
Heliun-Cadmium 035 1 - 10 to 1000
Argon 0351 1 - 10 to 1000
Helium-Cadmium 04416 - 02 >10
Argon 048 - 02 >10
Argon 0514 - 02 >10
Helium-Neon 0638 - 02 >10
Krypton 0647 - 02 >10
GaAs 095 - 05 >10
Neodymium:YAG 1.064 - 10 >10
Carbon-Dioxide 10600 - 01 210

¥ 3 Intrabeam MPE for the eye and skin for
selected pulsed lasers

Wavelength  Durati Perml ibl
on ssible
Laser Type Exposure {] cm™)
(m) () 2RV
Eve Skin

Excimer(ArF) us  xwt  3xae* 3xe®
Excimer(KrF) 08 ax1® 3x10® 3xigt
Excimer(Xe() 08 210t 67x10® 67x10°
Excimer(XeF) ol a0t e7x10® 67x10°
Ruby(Normal-pulsed) 0638  1x10°  1x10® 02
Ruby(Q-switched 0633  5~100x10° 5x107 0@
Rhodamine 6G dye laser 05000700 05~18x10° 5x107 0B 007
NAYAG (Normal pulsed) 1064 1x10°  5x10° 10
NEYAG (Q-switched) 1064 5~100x10° 5x10° 01
Carbon Dioxide 106 x10®  10x10® 10x10°
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X 4 Limiting apertures for hazard evaluation
and AEL determination

gty oz Aol I 400~700nm
(visible spectral range)® #olA & o 7]

Spectral Region Duration Aperture Diameter (mm) &Ealed w2 Yo did w3 AY geA
(jm) (s) Eye Skin Yo] glonz G gL AR &
0.180 to 0.400 10% to 05 10 35 ° L]' LAES ALdHM BA & A Ao &
0B 35 3 % gl A% &3 InW Aol o
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14mt‘:olx(? 10*go tsogo Zg ig oo &otn, B2R FF Tra=0.25 sec
; o 0.
X : A =~ L = 35tzx] orolot 3
0310 10 15 35 12821 AEL ZASA oot L_q'
10 to 3%10° 35 35 -?-}E\Ij, 0&'—'7*"} eﬂ O] 7(1 -’] 73 '?‘ 05W°] 5']'9']
Pl 107030 110 119 HolAEe e 3o &3k, 2¥>05W 9
dolAE BT Fex 49 EFo Foizit
':éLaH.}l 2 Tmax 10 sec°ﬂ}\‘] a‘!“}\ 1 ;’-_E};oﬂ = —401 ]; ] LH% £ 59}
AELE 238 2E 428 duld SE o A
X 5 Typical laser classification - continuous wave (CW) lasers
Wavelength Laser Type Wavelangth Claas 1* Class 2 Ciass 3b* Class 4
Range (m) (um) w) W) W) w)
Ultraviolet
0.180 t 0.280 Nd:YAG (quadrupled) 268 only <9.8x10° _ >Class 16Ut 0.5 >05
Argon 0.275 tor 8 hours
0.315 to 0.400 Helium-Cadmium .325 only
Argon 0.351, 0.363 only $32x100 _ >Class 1 but< 0.5 >0.5
Krypton 0.3507, 0.3564 only
Visible
0.400 10 0.700 Helium-Cadmium 0.4416 only )
Argon 0.478, 0.488, 0.514
Krypton 0.530
N&:YAG (doubled) 0.532 S04x10°
Helium-Neon 0.543
Dye 0.400-0.550 >Class 1t Class 1 but<0.5 >0.5
Helum-Selanium 0.460-0.550 £1x10°
Halium-Neon 0.632 £7x10-8
Dye 0.550-0.700 <0.4X10%7x10%
INGaAIP 0.670 $2.4%10-5
Ti:Sapphire 0.670 £24x10-8
Krypton 0.647, 0.676 £1.1x10%,3x 10° }
Near intrared
0.700 to 1.400 GaAlAs 0.780 0.18x10% |
GaAlAs 0.850 $0.25x 10*
GeAs 0.905 $0.32x 10° _ >Class 1 but 0.5 >0.5
Nd:YAG 1.064 <0.64 x 10*
Hetum-Neon 1.080, 1.152 only $0.64x 10%
InGaAsP 1.310 $4.40 X 10°
Far Infrared
1.400 to 100 InGaAsP 1.550
Holmium 2.100
Erblum 2.940
Hydrogen Flouride 2.600 - 3.000 6.6 x 10-3 — >Class 1 but 0.5 >0.5
Hellum-Neon 3.390 only
Carbon Monoxide £.000-5.500
Carbon Dioxide 106
Water Vapor 118 } J
Hydrogen Cyanide 337 <.5x10*

or design
the Class 1 AEL could be larger than mbulated.

%0 laser sysiem 10 Pravent exposures from Insting 1 T, = 8 hours (one workday): otherwies
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# 6 Typical laser classification - single pulse lasers

Wavelength

Laser Type Wavelength Pulse Ciass 1* Class 3b Class 4

Renge (um) m) Duration w) W) w)

Ultraviolet

0.180 to 0.280 Excimer (ArF) 0.183 2x 10° £23.7 x 10* >Claas 1 but <0.125 >0.1256
Excimer (KrF) 0.248 2x10* £23.7 x 10® >Claas 1 but <0.125 >0.125
Nd:YAG (Q-sw, quad) 0.2688 2x10* <23.7 x 10 »Clags 1 but 0,125 >0.125
Excimer (XeCl) 0.308 2x10* <52.8 x 10* >Class 1 but <0.125 >0.126
Nitrogen 0.337 1x10°* <44 x 10 »>Class 1 but 50.125 >0.126
Excimer (XeF) 0.361 2x10* £52.6 x 10** »>Cilass 1 but <0.125 >0.126

Vieible

0.400 © 0.700 Rhodamine 6G (Dye)  0.450-0.650 1X 10 0.2 x 10* >Class 1 but 0.03 »0.03
Copper Vapor 0.510, 0.578 2.6x10° 2 x 107
Nd:YAQ (doubled) 0.532 20 x 10° £0.2 x 10* >Class 1 but 50.03 >0.03
Ruby 0.6943 (Q-sw)
Ruby (long pulse) 0.6943 1x10° <4 x 10¢ >Class 1 but £0.03 >0.03
Ti:Sapphive 0.700-1.000 8x10° £1.9-7.7 x 107 >Class 1 but <0.03 >0.03
Alexandrite 0.720-0.800 1x 104 <0.76-1.1x10* >Class 1 but S0.03 *0.03

Infrared

0.700 to 10 Nd:YAG (Q-sw) 1.084 20 x10° <2 x 10* >Class 1 but <0.16 >0.16
ErGlass (Q-sw) 1.540 10x10* 9.7 x 10* >Class 1 but 0,125 »0.125
Co:MgFl 1.750-2.500 8 x 10* £97.9.7 x 10° >0.125
Holmium 2.100 25%10* <9.7 x 10° >0.1256

Flouride 2.600-3.000 4x%x107 £1.1-0.11 x 10* >0.126

Erbium 2.640 28x10* <8.8 x 10° >0.125
Carbon Dioxide (Q-sw) 106 1x 107 <9.7 x 10* >Class 1 but <0.126 >0.125
Carbon Dioxide 10.8 1% 10° <9.6 x 10* >0.125

* Aassuming that both skin and eye may be exposed, .e. 1.0 mm beam (area of limiting aperture=7.9 x 10° cm?®).
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19 2 Sample warning sign for class 2 and
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certain class 3a lasers

Position 1 : precautionary or protective
mstructions
Position 2 : type of lasers, wavelength,

maximum output, pulse durations, etc.
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Position 1 : precautionary or protective
instructions
Position 2 : type of lasers, wavelength,

maximum output, pulse durations, etc.
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