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Molecular Dynamic Simulation of Nano Indentation
and Phase Transformation

D.U. Kim, Y.K. Son, S.H. Rhim, and S.I. Oh

Abstract

Molecular dynamic simulations of nano indentation on single-crystal silicon (100) surface were

performed using diamond indentor. Silicon substrate and diamond indentor were modeled diamond
structure with Tersoff potential model. Phase transformation of silicon, incipient plastic deformation,
change of incident temperature distribution are investigated through the change of potential energy
distribution, displacement-load diagram, the change of kinetic energy distribution and displacements of
silicon atorns. Phase transformation is highly localized and consists of a high-density region surrounding
the tip. Axial load linearly increased according to the indenting depth. Number of atoms with high
kinetic energy increased at the interface between substrate and indentor tip.
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Table 1 Parameters in Tersoff potential

Parameter Carbon Silicon
A(eV) 13936 x 10° 1.8308 x 10°
B(eV) 3.4670 x 10° 47118 x 10°
Au 34.879 24779

JZ 22.119 17.322

B 1.5724 x 107 1.1000 x 10°
n 7.2751 x 107 7.8734 x 10"
c 3.8049 x 10° 1.0039 x 10°
d 4384 1.6217 x 10'
h -5.7058 x 10" -5.9825 x 10"
R (nm) 0.18 0.27

S (nm) 0.21 0.30
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Fig. 1(a) Substrate and cylindrical indentor
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Fig. 1(b) Substrate and hemispherical indentor
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(a) Ops

Fig. 4 Potential energy distribution
Blue(dark): low potential energy
Green(bright): high potential energy
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Fig. 5 Comparison of phase transition area
between hemispherical and cylindrical indentor
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Fig. 6 Displacement-load curve of hemispherical shape
indentor
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Fig. 7 Z-direction force of hemispherical and
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Fig. 8 Kinetic energy distribution
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Bright(blue) color : low kinetic energy
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