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The atomic level evaluation of the interface stress and interface elastic

constants for semiconductor materials
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Satoshi IZUMI, Shotaro HARA, Tomohisa KUMAGALI, Shinsuke SAKAI, Department of Mechanical
Engineering, School of Engineering, The University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo 113-8656

For nano-scale thin film, effects of surface and interface, which can be ignored on a macro scale,
become important. For example, surface (interface) energy and stress are key parameters for predicting
the intrinsic stress of thin films. Several researchers have reported that the elastic constants of thin
films are different from those of bulks. We have recently proposed new definitions and calculation
methods regarding surface/interface stress and elastic constants for thin films by extending Martin’s
method within the framework of the molecular dynamics method.

We applied our method to thin films of crystal and amorphous silicon and the interface between
them. The effects of surface and interface structures are also investigated. The well-annealed surface
and interface have remarkably different properties compared with the unrelaxed ones. The width of
the surface and the interface are also discussed in terms of newly defined atomic-level elastic properties
and order parameters. It is found that the width of the surface and the interface are about 0.2nm to

0.8nm.
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Fig. 1 Surface and interface model
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Table 1 Surface energy v (J/m?) and surface stress f
(N/m) of the surface of crystal silicon and
amorphous silicon, whose evaluation area is 14.6
nm?, The z-direction of (2x1) surface model
corresponds the dimer-bonding direction.

¥ fi1, f22
(100) 1x1 2.27 -0.88
(100) 2x1 1.48 0.40, -1.34
a-Si(relaxed) 1.6240.06  -0.50+0.19
a-Si(well-annealed) | 1.07+£0.06 1.3840.19

Table 2 - Surface elastic constants drs (N/m) of the surface
of crystal silicon and amorphous silicon

di1,d22 di2 daq

{100) 1x1 8.07 0.28 355

(100) 2x1 -17.84, -0.70 -0.55 -0.40
a-Si(relaxed) -11.2 £2.3 -5.66 + 1.77 -2.41 £ 0.5
a-Si(well-annealed) | -7.13% 4.17  -4.93 £ 0.42 -1.19 & 2.72
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Fig. 2 The distribution of atomic local surface elastic
constants along z direction. (2x1) surface model
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Fig. 3 The a/c interface models made by SPE
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Fig. 4 Classification of the a/c interface system

Table 3 Order parameters of classificated region of a/c
interface model.

Region E [eV/atom] A8 [°] Nawe
A -4.62 14 4.00
B -4.56 5.2 4.01
C -4.46 9.0 4.04
D -4.39 11.0 4.10
E -4.41 10.5 4.09
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Table 4 Interface energy J/m?, interface stress N/m of

a-Si/(100)c-Si interface

v (J/m?*) " f (N/m)

Casel 0.10£0.01 0.10+0.05

Case2 0.14+0.02 0.10£0.05

Case3 0.414+0.02  0.06 + 0.06
TBMD1%  0.49 +0.05 -
Hand-built(*® 0.23 .
Exp.(m) 0.48 -
Exp.(”) 0.04 -
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