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Study of Laser Damage of Fused Silica and Sapphire Crystal

LI Zhong-ya CHENG Lei LI Cheng-fu
Shanghai Institute of Optics and Fine Mechanics The Chinese Academy of Sciences ~ Shanghai 201800

Abstract The effect of different experiment conditions on the damage thresholds and damage morphologies of fused silica and
sapphire are investigated. In addition strengthened laser damage sterngth of fused silica is studied. Experimental results show that
the laser damage thresholds of fused silica after laser pre-irradiation and acid etching treatment are increased by a factor of 70%
and 80% respectively.

Key words damage threshold damage morphology strengthened laser damage strength

2
1
1.06 pm YAG
TEMy, FWHM 10 ns
18.85x 107 % cm?
1.054 pm
250 ps 2 x
1073 em?
1~3 351 nm 10.6 pm CO,
100 ~ 1000 W
0.54 em?
308 nm 140 mJ 35 ns 1.1
MW/cm?> Cu 510 nm 2.5~3
\ 20 ns 16 kHz CO, 10.6
2001-07-13 2001-10-11
1940—

E-mail chenglei@ mail. shene. ac. en



10

921
pm 500 ~ 1500 W 10% HCI1
37 W/em® 2h
1
Table 1 Characteristics of materials
Sarml Transmission Melting Specific Coefficient of Heat conductance Young's
ampre wavelength/pm point/K heat/J/kg/K expansion/1/MK /W/m/K modulus/GPa
Fused silica 0.2~3.5 1743 741 0.54 11 76
Sapphire 0.18~5.0 2303 754 7.8 25 345
2 1.06 pm
Table 2 Damage thresholds of fused silica at 1.06 pm
Pre-irradiation condition Damage threshold/J ¢m ™2
Sample Power density i Total energy
Laser ) Duration . . Surface Bulk
/W cm density/} cm
Sy - - - - 496 920
S, CO, 37 3s 111 566 -
S; XeCl 8 x 10° 80 shots 2 595 1415
Sy XeCl 1.1 M 90 shots 3.5 791 1671
Ss Cu vapour 0.46 30 s 13.8 848 -
Se Etching 2 h in HCI of mass fraction 10% 915 -
3
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6.4 Fig.1 Dependence of damage probability on laser energy
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Table 3 CO, laser damage results of fused silica
Time Focal are Power densit Total ene
Sample Treatment condition e o a;rea ower enjy O, energyiz Damage phenomenon
/s /em /W em density/} e¢m
Melting a pit on the surface
1 - 1.7 0.54 944 1605 about 30 mn? and giving out
glaring lights.
2 ]j:tch.lng 2 hin HCI of mass 2 0.54 944 1888 Phenomenon the same.
fraction 10% .
Cu vapour laser pre-irradiation Melting a small pit on the
3 . ) 3 0.54 944 2832 )
60 s power density 1 W/cm". surface about 3 mm”.
4 CO,
Table 4 CO, laser damage results of sapphire
Time Focal area Power density Total energy
lmes ) - . - Damage phenomenon
/s /em /W cm density/} cm
1 0.3 0.36 430 129 Appear a burst point
He: at center appe | melti
) ) 0.36 833 1666 eiat burst at center appear small melting
region
3 47 0.2 210 9870 No damage
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Fig.2 Damage morphologies of fused silica and sapphire
a bulk damage of fused silica front b bulk damage of fused silica side ¢ surface damage of fused silica
d surface damage of fused silica e bulk damage of sappire front f surface damage of sappire
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