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Structural Phase Transformations in Semiconductor Material
Induced by Nanoindentation

D. E. Kim, S. 1. Oh

Abstract
Structural phase transformations of silicon during nanoindentation were investigated in detail at the atomic level. The
molecular dynamics simulations of nanoindentation on the (100), (110) and (111) surface of single crystalline silicon were
simulated, and this supported the theoretical prediction of the anisotropic behavior of structural phase transformations.

Simulations showed that microscopic aspects of phase transformation varied according to the crystallographic orientation

of the contact surface and were directly linked to the slip system.
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Fig. 1 Side cross-section view of transformed region
induced by nanoindentation on the (100) silicon
surface. (a) Cross section view on (100) plane, passing
through the center of the simulation model (S1* of
Figure 2); (b) Cross section view on (-110) plane (S2*
of Figure 2)

._78_

Gear
1.0fs
4k
@oz

Zol= 750tk HEY

o HEAZD
% "13]34 tholo}

5] Zh

Tersoff ¥ €174 o)l A %"11:3] A8 2948 de

Atz LA Utk dFE AAE s HAXH

A8 o]-&3F Verlet neighbor list &+ OpenMP & ©] &

o BEANE ol &3l

o5
4
0
L
[

a 1‘l° fr

2%

l

3. 84 Z2at A 2F

HYAHS EYAZ

A7NAEE o8 FREA] AT °lF AF
o Wgd mE ggd ATz 488 B

Fig. 2 Cross section view of transformed regions at
different depths from the Si(100) surface. (a)At
the depth of 13~14nm from the top surface(T1*
of Figure 1); (b) 11~12nm; (c) 9~10nm; (d)
7~8nm; (e) 5~6nm; (f) 3~4nm.
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Fig. 3 Side cross-section view of transformed region
induced by nanoindentation on the (111) silicon
surface. (a) Cross section view on the (1-10)
plane, passing through the center of the
simulation model (S1* of Figure 4); (b) Cross
section on the (0-11) plane (S2* of Figure 4).
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Fig. 4 Cross section view of transformed regions at
different depths from the (111) silicon surface.
(a)At the depth of 13~14nm from the top
surface(T1* of Figure 3); (b) 11~12nm; (c)
9~10nm.; (d) 7~8nm; (e) 5~6nm; (f) 3~4nm.



Fig. 5 Side cross-section view of transformed region
induced by nancindentation on the (110) silicon
surface,
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Fig. 6 Cross section view of transformed regions at
different depths from the (110) silicon surface.
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