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Summary

In order to elucidate the relationship between unstable stress drop and atomic elastic
stiffness( Biaj), we performed various deformation simulations on bulk, thin plate, nano-
wire, and laminate /bamboo structure of grain boundary for silicon using molecular dy-
namics method. First, we have performed various tensile simulations on bulk /nanowire
of Si single crystal, laminate-bulk /bamboo-nanowire with 35 twist grain boundary. Tt
revealed that there is a slight and smooth stress peak before the unstable stress drop,
and the standard deviation of det Bj; began to increase at the point, in the case of
bulk with very low temperature. Even in the systems with thermal fluctuation and
structural inhomogeneity, the standard deviation of det Bj; decreases at the initial
stage of tension, but it increases again precursory before the unstable stress drop. In
order to discuss the effect of structural inhomogeneity by surface more detail, we then
performed [001] tensile simulations on thin plate and nanowire for (100) and (110)
surfaces with larger cell. As same as results mentioned above, the standard deviation
of det Bf; decrease by tension, while the precusory fluctuation increase can not be
found in some case. From the results of the (100) surface nanowire, it is suggested
that pulse-like increase in the standard deviation of det Bf; just before the unstable
stress drop is attributed to the emergence of large negative value of det Bfj on the
edge of nanowire. Finally, we performed shear simulation on a Si single crystal as
the different deformation mode, we found that shear-band like domains of det Bf; < 0
atoms emerge just after the stress-strain peak, then the bands change its orientation to
[110] direction due to the slip at the band. Detailed observation of the simulation with
slower deformation speed revealed that the stress begin to fluctuate at the point when
det By < 0 atoms emerge, and the system shows catastrophic stress drop at the point
of "instability”, where det Bf; < 0 emerges in the fluctuation of emerge/disappear of
det B, < 0 domain. Further, we examined the eigenvalue, and demonstrated that the
symmetry of the eigenvector smallest negative eigenvalue was lost at the point just

before deformation.
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Table 2.1 Parameters for silicon, gallium and arsenic

0 Si—Si(T2) | Si— Si(T3)
AleV] | 3.2647x10° | 1.8308x10°
B [eV] | 9.5373x10" | 4.7118x102
MAT] ] 32304 2.4799
AN[AT ] 1.3258 1.7322
A[ATT] 1.3258 1.7322

B | 3.3675x10"1 | 1.1000x10~°

n | 2.2956x10" | 7.8734x10°!

c 4.8381 1.0039x10°
d 2.0417 1.6217x10!
h 0.0 —5.9825%10
RA] 3.0 2.85
D [A] 0.2 0.15
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Fig.2.3 Unit cell of fcc lattice
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Fig.2.4 Schematic view of local strain perturbation for evaluation of local
elastic stiffness.
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