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Theoretical Model for the Spallation of Optical Coating Irradiated by
Short Pulsed Laser
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Abstract Based on the maximum shear stress theory, a theoretical model is developed for the spallation of a plated film under
irradiation of a short pulsed laser beam. The formula of the laser energy threshold for the plated film spallation and the relationship
between the radius of the spallation zone and the parameters of both the laser beam and the plated film are deduced. As an
example, the spallation of a ZrO; plated film irradiated by a ns degree short pulsed laser beam is calculated, and both the curve of
the spallation radius vs. laser energy and the temperature data are obtained. The theoretical and experimental resulls are in good
accordance with each other, which indicates that the theoretical model is reasonable. The theoretical model with its results declares
that the axial rapid thermal expansion, the thermal softening of the film material and the cone shaped shearing sliding induced by

both the shearing stress on the lateral cross section and the radial and circumferential stresses are the main causes of the spallation

pl'l enomenaon.
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Fig. 1 Single layer film irradiated by pulsed laser
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Fig. 2 Forces acting on the R zone
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Table 1 Temperature values at the center and boundary of the spallatin zone at ¢,

Ratio of laser intensity o/ [, Radius of spallation zone R /lm | Temperature 7'(0, h.t,) /| C Temperature T( R. h.,1,) / C
1 0 550.0 550.0
2.5 15.9 1334.5 697.0
5.59 23.6 2950.0 688.9
8. 81 27.5 4634. 6 650. 6
4 /N4 Sy A Pk VEAL 23br, AT T T S il g B

A SCHE AT T R KPS0 SR R 2R iR 2 R A i
FCRFE AT IR B 0 BB, P AE Y SR AR 4 TR )2
B Th R % B R AT, LR HTE X 12 5
WRE 2 2 5 2k R mu—ﬂﬁ%ME@ﬁ
11, 2 0T S S S P A 1 DA B PR X R AR
%m&%m#%u%&mm&m%%mmmmzm
TR B AR IR | X el S5 SR Aok B S 8G 45 SR
B —E, R 7P B ) 1w RS B
ok JEE T B30 B B i A 3R TR 07 00N Th #2385 1)
TR N 2 KA A 17. 9% , DRIl IR J2 300k 34 9%
005 55 B8 22 M4 ek TR0 A TG O . A SC S B Y 9 o
P 2 1 K O 0 T A A 200l ) R R
) R PR A B )2 A R I R Ak B B e B
R A% i) SN g AR [ A )y R 5 R A 1L ) B
8 1 5 3500 HE 1 28 B 0 v B A S 1 T I 5

AR SC I ER VSRR W] - ) S 2 ) R (9

TEAR .

£ % X W

1 Zhou Dongping, Fan Zhengxiu, Fan Ruiying et al.. Real time

investigations on themmal process of laser induced damage of Al
mirrors. Chinese J. Lasers ( "1 EE0%G), 1996, A23(5): 437
~ 440 (in Chinese)
Gong Hui, Li Chengfu,
optical films damage induced by high power laser. Chinese J.
Lasers ( "P[H#%) . 1996, A23(3):245~ 248 (in Chinese)
V. A. L. Glytenko, G. M. Kudinov. Themal
action of pulsed laser radiation on the surface of metal mirrors.
Phys. Chem. Mech. Suifaces, 1985, 2(9): 2729~ 2744
The authorial group of € Optical films ». Optical Films.
Shanghai: The People’ s Press, 1976. 82~ 110 (in Chinese)
Beijing: High

Wang Mingli. Thermal shock effect on

F. Gordeev,

Yang Xucan, Jin Jiansan. Elastomechanics.
Education Press, 1987. 10~ 20 ( in Chinese)



