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A novel surface cleaning process using laser-induced breakdown of liquid
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Abstract

The surface cleaning method based on the laser-induced breakdown (LIB) of gas and subsequent
plasma and shock wave generation can remove small particles from solid surfaces. In the laser shock
cleaning (LSC) process, a high-power laser pulse induces optical breakdown of the ambient gas above the
solid surface covered with contaminant particles. The subsequently created shock wave followed by a
high-speed flow stream detaches the particles. In this work, a novel surface cleaning process using
laser-induced breakdown of liquid is introduced and demonstrated. LIB of a micro liquid jet increases the
shock wave intensity and thus removes smaller particle than the conventional LSC method. Experiments

demonstrate that the cleaning force and cleaning efficiency are also increased significantly by this method.
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Fig. 1 Concept of laser-induced breakdown of liquid
microdrop/liquid jet.
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Fig. 2 Experimental setup for the cleaning process and
in-situ visualization.
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Fig. 3 Shadowgraphs showing LIB of liquid: (a) air
and (b) liquid jet (jet diameter D: 260 xm) at
laser energy (pulse energy E: 450 ml).
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Fig. 4 Shadowgraphs showing LIB of liquid droplet at
(a) £: 30 mJ and (b) E: 200 mJ.
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Fig. 5 (a) Shock velocity and (b) pressure produced
by LIB of air (®) and water jet (O) (laser
energy E: 440 ml], D: 260 ym).
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E: 50 mJ) and (b) pressure enhancement for different
energies.
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Fig. 7 SEM images of Si-wafer surfaces after the LSC
processes; (a) before cleaning (PS), (b) after air
breakdown and (c) water jet breakdown, (d)
before cleaning (ALOs), {e) after air breakdown
and (f) water jet breakdown (E: 450 ml, D: 260
um, gap distance: 2 mm, 50 cycles).
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processes for 300 nm PS particles (gap
distance: 2 mm, 30 cycles); (a) before cleaning,
(b) after water droplet breakdown (E: 410 ml)
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Fig. 9 (a), (b) SEM images of melted PS particle ((d
= 1.5 mm, E: 450 mJ, 50 cycles) and (c), (d)
AFM image of a Si-wafer surface after LSC (d
=2 mm, E: 450 mJ, 50 cycles).
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