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Experimental analysis of flow field for laser shock wave cleaning

H. K. Lim, D. S. Jang and D. S. Kim
Department of mechanical engineering, POSTECH

Abstract

The dynamics of laser-induced plasma/shock wave and the interaction with a
surface in the laser shock cleaning process are analyzed by optical diagnostics. Shock
wave is generated by a Q-switched Nd:YAG laser in air or with Ny, Ar, and He
injection into the focal spot. The shock speed is measured by monitoring the
photoacoustic probe-beam deflection signal under different conditions. In addition,
nanosecond time-resolved images of shock wave propagation and interaction with the
substrate are obtained by the laser-flash shadowgraphy. The results reveal the effect of
various operation parameters of the laser shock cleaning process on shock wave
intensity, energy-conversion efficiency, and flow characteristics. Discussions are made
on the cleaning mechanisms based on the experimental observations.
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Fig. 1 Schematic diagram of the
experimental set up.
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Table 1 LIB threshold and ionization
potential (first electron)
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Adr |, o
injection|injection|injection

Measured LIB
threshold |1.7x10%| 1.4x10% | 2.1x10" | 2.3x10"
(W/cn)

Ionization
potential 14.8 15.8 15.6 24.6
(eV)
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Fig. 3 Dependence of shock wave velocity

on absorbed laser pulse energy
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magnification of x5 before
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Fig. 5 Time-resolved images of shock

wave propagation

(a) (b) (a) at 60 ns, (b) at 130 ns,
(c) at 310 ns, (d) at 580 ns
(wavelength = 1064 nm,

FWHM = 6 ns,

incident energy = 31 mJ,
irradiance = 3.8x10 W/cm®)
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Fig. 6 Time-resolved

images of shock
wave impingement
onto a Si wafer:

(a) schematic description

(b) at 1500 ns,

{c) at 1620 ns,

(d) at 1770 ns,

(e) at 1830 ns,

(f) at 1890 ns and

(g) at 1980 ns

(incident energy = 310 mJ,
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