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Role of Liquid Vaporization in Liquid-Assisted Laser Cleaning

Joochul Lee, Deoksuk Jang and Dongsik Kim
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Abstract

Liquid-assisted cleaning technology utilizing a nanosecond laser pulse is effective for removing

submicron particulates from a variety of solid substrates. In the technique, saturated vapor is condensed on a

solid surface to form a thin liquid film and the film is evaporated explosively by laser heating. The present
work studies the role of liquid-film evaporation in the cleaning process. First, optical interferometry is
employed for in-situ monitoring the displacement of the laser-irradiated sample in the cleaning process. The
experiments are performed for estimating the recoil force exerted on the target with and without liquid

deposition. Secondly, time-resolved visualization and optical reflectance probing are also conducted for
monitoring the phase-change kinetics and plume dynamics in vaporization of thin liquid layers. Discussions

are made on the effect of liquid-film thickness and dynamics of plume and acoustic wave. The results confirm

that cleaning force is generated when the bubbie nuclei initially grow in the strongly superheated liquid.
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Fig. 1 Schematic diagram of the experimental setup
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Fig. 2 Displacement of a cleaning target induced by
an excimer laser pulse (a) with and (b)
without liquid-film deposition on the laser
spot (pure water). The variation of the
effective layer thickness is displayed in (c)
for comparison
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3 Variation of optical reflectance by condensation
and vaporization of liquid mixtures on a Si
surface. In (a) and (b), a liquid film (1:10
isopropanol-water composition) is applied on a
Nd:YAG laser (wavelength=355 nm) spot. The
reflectance variation in (¢) is generated by
condensation and natural vaporization of liquid
(1:4 isopropanol-water composition) without
laser irradiation



192 NE I

035 (- - T ey T
Lo !
03 - L A T

028 - “‘\'\‘111‘\‘ ‘}<
i ; : ! :

Reflectance

: H i il H i '
02 - ' : [
- ! g ! I

015 — P : - -

Thickness um

Fig. 4 Calculated reflectance change as a function of
water-film thickness on a c¢-Si substrate

(A=633 nm, s-polarized, incident angle=17°)
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Fig. 5 Transition of the optical reflectance signal by
Nd:YAG laser pulse irradiation on a Si surface
coated with a 1:10 isopropanol-water mixture
(wavelength: 1064 nm, laser fluence: 670
mJ/em?)
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Fig. 8 Laser flash shadowgraphs illustrating vaporization of a liquid film (1:10 isopropanol-water
mixture) at several delay times after Nd:YAG laser-pulse irradiation (width of image=1.2 mm,
wavelength=1064 nm, laser fluence mJ cm™)
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