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Semiconductor nanostructures are potential building blocks for many applications in photonics,
electronics, physics, and life sciences. They are also a good candidate to study quantum mechanics and
related novel phenomena, based on the dimensionality and the size reduction. Among various
nanostructures, one-dimensional (1-D) III-V nanostructures grown on Si substrates have received a lot
of attention, due to the excellent physical properties of being a direct bandgap, combined with the well-
established Si technology [1].

However, there are a number of fundamental questions to challenge, regarding the microstructural
property in realizing the actual device based on 1-D nanowires (NWs) because of several barriers. Most
of the reported 1-D nanostructures have been grown using a vapor-liquid-solid (VLS) growth
mechanism. The use of a catalyst in the growth of nanostructures can cause problems like unintentional
doping and the elimination of the catalyst for the device fabrication. Therefore, a catalyst-free method is
considered to be the best solution for the growth of applicable 1-D nanostructures. The successful
growth of catalyst-free 1-D III-V nanostructures has been reported as using a thin oxide layer on Si
substrates [2]. However, among III-V nanostructures, arsenide (As)-based compound semiconductors
show the existence of uncontrolled polytypism related to defective structures, such as twin planes and
stacking faults [3]. Although a cubic zinc-blende (ZB) structure is adopted in bulk form as a stable
phase, the hexagonal wurtzite (WZ) structure is frequently observed in As-based compound
nanostructures. Although the defect behaviors and the polytypism of III-V nanostructures have been
demonstrated from theoretical viewpoints and based on kinetic theories by many authors, the effort to
understand those phenomena is insufficient, since, the control of crystal structures and defects related to
the phase evolutions is one of the critical challenges of 1-D III-V nanowires.

In this talk, we present detailed investigation on the microstructural properties of 1-D GaAs
nanostructures grown on a Si (111) substrate by a catalyst-free method. The microstructural properties
of GaAs nanostructures were discovered by (scanning) transmission electron microscope ((S)TEM)
techniques in order to evaluate the defect behavior and the interface structure. Specifically, the atomic
arrangements at the interfaces were studied using high-angle annular dark field (HAADF) and annular
bright field (ABF) micrographs taken by spherical aberration (Cs)-corrected STEM. In addition, energy-
dispersive X-ray spectroscopy (EDS) and electron energy-loss spectroscopy (EELS) were used to
address compositional variations [4, 5].

A quantitative analysis of the EDS and EELS results showed that the round droplet at the top of the
nanostructures was pure gallium (Ga) (Figure 1). The arsenic (As) element was detected by passing the
interface between the Ga droplet and the GaAs nanostructure in the EELS line profile. Atomic
arrangements near the Ga droplet/GaAs nanostructure interfaces were complex and irregular. The
contrast of dark-field and bright-field images is opposed to each other (Figure 2). Although the
nanostructure is thick, the dark-field image clearly shows the image contrast and it appears to be
symmetric at both side edges along the growth direction of the nanostructure. In addition, fringes
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vertically aligned along the growth direction, caused by crystalline defects such as the twin boundaries
and stacking faults, are more clearly observed in the dark-field image than in the bright-field image.
Finally, we demonstrate the phase transition and the gallium (Ga)-droplet behaviors dependent on the
shapes and the growth conditions of 1-D GaAs nanostructures.
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Figure 1. (a) bright-field (BF) TEM image of a hexagonal-shaped 1-D GaAs nanostructure. (b and c)
EDS elemental spectra obtained from the points I (P2) and II (P2) in (a), respectively. (d) BF TEM
image of a pentagonal-shaped 1-D GaAs nanostructure. (e and f) EELS spectra obtained from the points
III (P3) and IV (P4) in (c), respectively.

Figure 2. Dark-field (a) and bright-field (b) TEM images of a typical hexagonal nanostructure.
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