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ABSTRACT

Engineering ceramics as sapphire are widely used in industry owing to their superior mechanical
and corrosion properties. However, micromachining of sapphire is a considerable challenge due to its
transparency. Recently, direct ablation of sapphire has been demonstrated with a visible laser pulse at
sufficiently high laser intensity. In this work, the theoretical model for pulsed laser ablation of
sapphire is suggested and numerical analysis is carried out using the model. Sapphire ablation begins
with plasma generation by the laser interaction with surface defects, impurities and contaminations in
the initial stage of machining. Subsequent absorption of the visible laser beam can be explained by
three mechanisms: metalization of sapphire surface due to the EUV radiation from the hot plasma,
increments of surface roughness and temperature-dependent absorption coefficient. Comparison of the

computation results with experimental observation indicates that the proposed model of sapphire is
reasonable.
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Fig. 2 Experiment for verifying the effect of plasma
confinement on laser-induced damage threshold.
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Fig. 4 Surface images at different laser energies after
(a) 100 and (b) 10000 pulses (2, = 40 um).
The scale bar is 50 ym long.

Fig. 5 Surface images of a dnlled hole after different
laser shots (7.8 GW/cm)

Abzlolct, Atmtolo] EWHO| &4 Avle oF 20
ols}]l AL ol A uvHEHA U= BEAHES
Bk 4% golA ofvA] Ea= 2% vlwte]
AL BE HAE 7HEE, Fo]A JdyR|e] &gt
8L BH &4 HEATIE Yele] oplt o]
3t AL Aptolo]e] &Ato] FAMQIFQl 84
2, DIC(defects, impurities and contaminations)oj]
A dojdthe AL YFETh 2039 HolA
24 o|F wH EAY] FAA B4 FAIR
AUtk

Kispolo] Ere] glolA WAIT Bakzoprh 3
oli1, Zejxulol A sk H FdHe] HApr|urt

8]

Lo

s

Jounal of KSLP, Vol. 12, No. 1, March 2009

0 2 4 6 8 10
Temperature (x10°K)

Fig. 6 Heat flux by plasma radiation as a function of
plasma temperature.
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Fig. 7 (a) Ablated surface images by oblique laser

shots (5.7 mlJ, 4200 shots) with (b) front-light
and (¢) back-light illumination.
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Fig. 8 Optical microscope images of damaged surface

by a single shot at various energies (r. = 60
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