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Abstract

The line width of circuits in semiconductor devices conésuto decrease down to a few nanometers. Since
nanoparticles attached to the patterned wafer surface magecmalfunction of the devices, it is crucial to remove
contaminant nanoparticles. Physical cleaning that eslizmomentum of liquid for detaching solid nanoparticles has
recently been tested in place of the conventional chemiahad. Dropwise impaction has been employed to inc
the removal efficiency with expectation of more efficienbmentum exchange. To date, most of relevant studies
been focused on drop spreading behavior on a horizontabeirin terms of maximum spreading diameters and
average spreading velocity of drop. More important is thealdiquid velocity at the position of nanoparticle, very
near the surface, rather than the vertical average valuaddiition, there are very scarce existing studies dealirty
microdroplet impaction that may be desirable for minimizipattern demage of the wafer. In this study, we
investigated the local velocity distribution in spreadiiguid film under various impaction conditions through téD
simulation. Combining the numerical results with the péeticemoval model, we estimated an effective cleaning
diameter (ECD), which is a measure of the particle removalaciy of a single drop, and presented the predicted
ECD data as a function of droplet’s velocity and diameter ipaldrly when the droplets are microns in diameter.
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Figure 1 Description of dropwise impaction and the
forces acting on particles:
(a) phenomenon description
(b) free body diagram of a particle.
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Figure 2 Dropwise impaction observation experiment:
(a) experiment schematics, (b) high—speed
camera images and CFD results (droplet
diameter: 2 mm, impaction velocity: 1.1 m/s).

Figure 4 Radial velocity distribution along the film
height, Y.
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Figure 5 Variation of effective cleaning diameter
(Dremovar) With impaction velocity: (a)
particle (Ti) diameter: 50 nm, (b)
particle (Ti) diameter: 20 nm.
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