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ABSTRACT

A multiscale computational model for the
calculation of the effect of (111) twin boundaries on
electron mobility in GaAs nanopillars synthesized
using the Selective Area Metal Organic Vapor Phase
Epitaxy (SA-MOVPE) method has been developed.
The Non-equilibrium Green’s function method is
applied in the calculation of quantum conductance
in order to explicitly incorporate the effect of twin
defect morphology. Quantum conductance is converted
to a thermally-averaged scattering factor to connect
quantum conductance to mobility. With this newly
introduced factor, electron mobility can be corrected
for a twin boundary scattering model. The calculated
electron mobility for GaAs nanopillars synthesized
under standard SA-MOVPE conditions with a mean
twin spacing of 2.48 nm was 1000 cm®/V/s. In
addition, the contribution of twin boundary scattering
to the reduction of electron mobility was estimated to
be 60% of the effect of the scattering factors overall.
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Fig. 1 Macroscopic SEM image (incidence of 30°) of
synthesized GaAs nanopillars grown on (111)
B GaAs substrate (left) and magnified SEM
image of one nanopillar with plane directions

(right)
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Fig. 2 Cross-sectional TEM image of multi-twinned
GaAs nanopillar (upper) 3C-type twin
boundaries which have so-called ABCBA
stacking sequences from bottom to top
(z-direction) (middle), and 2H-type (AB-
stacking) twin boundaries which have so-
called ABCABABC sequences (lower). Purple
and yellow spheres represent Ga and As
atoms, respectively.
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Fig. 3 TEM image of measured twin spacing along
[171] direction (upper), and histogram of twin
spacing with 248 sampling points, average
twin spacing of 2.48 nm (lower)
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Fig. 4 Configuration of system treated by NEGF
method with left and right leads along z-axis
(electron transfer direction: [111]), under two-
dimensional periodic boundary conditions on
xy plane. Yellow spheres indicate arsenic,
and purple spheres indicate gallium
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Fig. 5 Quantum conductance calculated using NEGF
in different 3C-type structures. Schematic
showing GaAs crystals with different types
of 3C twin boundaries (upper). Calculated
quantum conductance with respect to energy
(lower).
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Fig. 6 Quantum conductance calculated by NEGF in
different AB-type structures. Schematic
showing GaAs crystals with different types
of AB twin boundaries (upper). Calculated
quantum conductance with respect to energy
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Fig. 7 Quantum conductance with respect to k-points
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Fig. 11 Quantum conductance with respect to energy
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L TCZEDA DT LEHENIZT HZENUEETH
D, FohfRIE, MRBETE, 734 2&E & &I H
TEIEMNTES.
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