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Comparative Study of the Nanomechanics of Si Nanowires
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Abstract

Mechanical properties of <001> silicon nanowires are presented. In particular, predictions from the
calculations based on different length scales, first principles calculations, atomistic calculations, and

continuum nanomechanical theory, are compared for <001> silicon nanowires. There are several elements that

determine the mechanics of silicon nanowires, and the complicated balance between these elements is studied.
Specifically, the role of the increasing surface effects and reduced dimensionality predicted from theories of
different length scales are compared. As a prototype, a Tersoff-based empirical potential has been used to
study the mechanical properties of silicon nanowires including the Young’s modulus. The results significantly
deviates from the first principles predictions as the size of wire is decreased.
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Fig. 1 Hydrogen passivation on Si(100) surface. (a)
2 x1 monohydride, (b) 1x1 symmetric dihydride,
and (c) 1 x1 canted dihydride
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Fig. 2 Cross sections of fully related hydrogen-
passivated nanowires: (a) Type I wire with the
width of 2.04 nm, and (b) Type II wire with the
width of 1.39 nm are shown
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Table 1 Bulk elastic properties calculated with empirical
potentials. The bulk modulus (B), the Possion’s
ratio (v), and the Young’s modulus in the <001>
direction (E<y;>) have been derived from the
elastic moduli C}; and Cj,, and compared with
the results from density functional theory (DFT)
and experiment

Mechanical ~ Empirical DFT Experiment

properties  (This work)  (Ref. 9)  (Ref. 14, 15)
v 0.35 0.27 0.28
B (GPa) 98.1 89.0 99.2
Cy1 (GPa) 142.6 154.6 167.7
C12 (Gpa) 75.8 58.1 65.0
C1/Cy, ratio 1.89 2.66 2.58
E01> (GPa) 89.9 122.8 131.4
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Fig. 3 Silicon nanowire equilibrium elongation calculated
with Tersoff-based empirical potentials as a
function of wire width. DFT results from Ref. 7 are
compared
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Fig. 4 Silicon nanowire Young’s modulus calculated
with Tersoff-based empirical potentials as a
function of wire width. DFT results from Ref. 7
are compared
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