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Abstract: The characteristics of kinetic energy transfer during a collision between a rigid target particle on a surface
and a fragile bullet particle moving at a high velocity were analyzed using molecular dynamics simulation. Bullet
particles made of CO, were considered and their size, temperature, and velocity were varied over a wide range. The
fraction of kinetic energy transferred from the bullet particle to the target particle was almost independent of the
former's size or velocity; however, it was sensitively dependent on its temperature, which can be attributed to the
change in the bullet rigidity with temperature. This fraction was nearly twice as high for CO, bullets as for Ar bullets.
This result explains the reason for the more superior cleaning performance of CO, bullets than Ar bullets with regard to
contaminants in the 10 nm size range.
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Table 2 Reference values for nondimensinalized parameters

Condition
Mass My, 6.65 x 10%%kg
Length Oar 0.341 x 10”m
Time Ta=0ar (Mar/Ear) "> 2.16 x 10"%
Temperature Ta=¢a:/Kp 120K
Energy Ear 1.66 x 102'J
Velocity Var =(€a, /M A,)l/ 2 158m/s

Acceleration apr= €a; /MG Ar 7.32 x 10"°m/s?

Aaketdeh. 2 (2)9] wliel 93 AL
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Fig. 1 System configuration of the MD simulation
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Fig 2 Time change of kinetic energy of the CO, BP and
the CP at a removal condition of Dy* = 16 and V*
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Fig 3 Change of CP velocity with moving distance on the
substrate: for (a) BP velocities, V,* =3.0, 3.5, 4.0
and (b) BP sizes, Dy*=10, 12, 14 and 16; (c)
snapshots taken at x.* = 10, 20 and 80 for V,*=3.0
and Dy*=16 (green: BP components; purple: CP)
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Fig 4 Time change of CP velocity at two different BP
temperatures, T,*=0.3 and 0.9, for two different
BP sizes, D,*=10 and 16. (V,*=4.0)
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molecules to various sizes
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