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Abstract: The material removal mechanism of the nanoparticle colloid jet polishing was investigated by the molecular
dynamics simulation of the collision between the SiO, nanoparticle and single crystal silicon workpiece (100). The simulation
results show that the collision between the 7 nm nanoparticle with velocity of S0 m/s and the single crystal silicon workpiece
cannot change the atom arrangement of the workpiece. When the velocity of the nanoparticle is higher than 250 m/s, the atom
arrangement of the single crystal silicon workpiece can be changed. The machining of the nanoparticle colloid jet polishing
process on the single crystal silicon workpiece was experimentally investigated. The atom arrangement of the single crystal
silicon workpiece before and after machining was characterized by laser Raman spectroscopes. The results is in good
agreement with that of the molecular dynamics simulation. The chemical bonds between the SiO, nanoparticle and the single
crystal silicon atoms were also been studied by X-ray photoelectron spectroscopy. Both the simulated and experimental results
show that the mechanical effects of nanoparticles during the nanoparticle colloid jet polishing process cannot remove the
workpiece material directly. The removal of the material is the combined influence of the mechanical effect and chemical
effect between the nanoparticles and the workpiece.
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Table 1 Conditions setup of molecular dynamic simulation

Factor Parameter
Nano-particles tersoff
Potential function Monocrystal silicon tersoff
Between nano-particle and Loy
monocrystal silicon
Initial temperature 300 K
Ensemble (NVE)

Boundary condition x, y: periodic; z: nonperiodic

Time step 0.5 fs

Crystal orientation of

workpiece (100)
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(d) v=250 m/s after collision

(f) v=300 m/s after collision
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Fig.13 XPS spectra and fitting curves for oxidation Si
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