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Employing tensile and/or bending stress via a newly developed in-situ
atomic-lattice resolution electron microscopy method, we have, for the first time,
successfully observed the brittle materials SiC and Si even SiyO; x-nanowires (NWs)
become highly ductile at room temperature. A crystalline structural evolution
corresponding to the occurrence of unusual high ductility of the brittle materials
includes the dislocation initiation, dislocation accumulation and the amorphous phase
transition, finally the extended nano amorphous ductility processes at the necking
region of the one dimensional nanowires. A corresponding deformation mechanism for
these one dimensional nanowires under an external tensile force has been proposed
based on MD simulations and it agrees well with our experimental results.

Amorphous solid materials as silicate glass or metallic glasses are usually with
high hardness but brittleness in nature. The deformation mechanism of amorphous
materials has two modes: at high stress and low temperature, the plastic deformation in
metallic glass is inhomogeneous: the strain is concentrated in a few thin shear bands,
while for silicate glass the plastic deformation is even much smaller before brittle
failure. At lower stress and higher temperature, the deformation is homogeneous,
which is atomic diffusion process for both types of glasses. The homogeneous flow
regime includes liquid flow, which occurs above or near the glassy transition
temperature, 7,. Above T, superplasticity will occur for glasses with the nature of
visco-plasticity.

We have reported, for the first time, a new phenomenon of large tensile plasticity
of semiconductor nanowire through a phase transition of single crystal to amorphous
under an external stress. These unusual mechanical properties of one-dimensional
semiconductor nano materials with covalence bonds are fundamental important for
understanding the nano-scale fracture and stress-induced band structure variation for
high temperature semiconductors.
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Figure 1 In situ investigation of
the superplasticity of SiC NWs at
room temperature. (a) — (g) are a
series of SEM images when
conducting the axial-tensile
experiments on an individual SiC
NW. (h) is a schematic
illustration of the deformation
process.

Figure 2 Direct atomic scale
In-situ study of the Si NW large
ey — el;“:;ﬁn; strain  plasticity at  room
the SiC nanowire temperature. (a) and (b) are the

TEM images captured at the two
ends of the tensile experiments: initial of the tensile experiment (a) and the fracture of
the NW (b). (¢) and (d)
are the atomic scale
images of the tensile Si
NW. (¢) is the Si NW
with a character initial
elastic-plastic transition.
The  regions  with
emerging dislocations
are indicated by
black-dashed lines. A
thin amorphous layer is
indicated by a pair of
blue arrows. (d) shows
the NW with large
strain plasticity and a
surprising necking
feature indicated by
character B. The A and
C zones in (d) are with
high density
dislocations and
partially amorphization.
The surface amorphous layer expands to be thicker as indicated by the red arrow pair
in (d). An example of dislocation is shown in (e), the Burgus vector is determined by
the figure as 1/2 [110]. (f) illustrates the (111) shuffle and glide planes and we suggest
that the dislocation activity occurred at the shuffle (111) plane. (g) through (i) are the
fast Fourier transformation patterns corresponding to A, B and C zones of (d).

https://doi.org/10.1017/51431927609093763 Published online by Cambridge University Press


https://doi.org/10.1017/S1431927609093763



