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Stacking-faults-free zinc blende GaAs/AlGaAs axial
heterostructure nanowires during vapor-liquid-solid growth
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Pure zinc blende structure GaAs/AlGaAs axial heterostructure nanowires (NWs) are grown by metal
organic chemical vapor deposition on GaAs(111) B substrates using Au-catalyzed vapor-liquid-solid mech-
anism. Al adatom enhances the influence of diameters on NWs growth rate. NWs are grown mainly
through the contributions from the direct impingement of the precursors onto the alloy droplets and not
so much from adatom diffusion. The results indicate that the droplet acts as a catalyst rather than an
adatom collector.
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In the past few years, semiconductor nanowires (NWs)
have attracted a great deal of interest due to their
potential applications in electronic and optoelectronic
devices[1,2]. The Au-catalyzed vapor-liquid-solid (VLS)
mechanism is a commonly used method for semicon-
ductor NW growth[3,4]. At growth temperature, Au
nanoparticles (NPs) on the substrate surface form alloy
droplets with the group III growth precursor(s). Semi-
conductor NWs are grown from supersaturated alloy
droplets.

GaAs/AlGaAs heterostructure NWs are one of the
most popular NWs. GaAs and AlGaAs have al-
most the same lattice constant, and the difference be-
tween their band gaps and refractive indices is large,
which is advantageous for applications in optoelectronic
devices[5,6]. However, many studies have focused on the
GaAs/AlGaAs radial heterostructure[7−13], which is a
core-shell structure, and little research has been con-
ducted on the GaAs/AlGaAs axial heterostructure. In
this letter, the growth of Au-assisted GaAs/AlGaAs ax-
ial heterostructure NWs is investigated, and the related
growth mechanism is discussed.

The growth was performed in a Thomas Swan close
coupled showerhead metal-organic chemical vapor depo-
sition (CCS-MOCVD) system at a pressure of 100 torr.
Trimethylgallium (TMGa, 4×10−5 mol/min) and AsH3

(2.8×10−3 mol/min) were precursors for GaAs growth.
When AlGaAs was grown, trimethylaluminum (TMAl,
4×10−5 mol/min) was introduced with the same TMGa
and AsH3 flows. The carrier gas was hydrogen.

Prior to growth initiation, an Au film with a thickness
of 4 nm was deposited on the GaAs (111) B substrate by
magnetron sputtering. The Au-coated substrate was
then loaded into the MOCVD reactor and annealed
in situ at 650 ◦C in arsine and hydrogen ambient for
the desorption of surface contaminants and the forma-
tion of alloy droplets as catalyst. After ramping down to
the growth temperature, GaAs NWs were firstly grown
for 600 s at 440 ◦C, which is the optimum temperature

based on a number of experiments (at a lower tempera-
ture NWs will be kinked; at a higher temperature, taper
will occur). Five pairs of AlGaAs (10 s)/GaAs (10 s)
heterostructure junctions were grown at the same tem-
perature.

The morphologies of as-grown NWs were studied us-
ing a HITACHI S-5500 field-emission scanning electron
microscope (SEM). The structure and chemical compo-
sitions of a single NW were characterized using an FEI
TECNAI F30 field-emission transmission electron mi-
croscope (TEM) equipped with energy dispersive X-ray
spectroscopy (EDS) as well as a scanning transmission
electron microscope (STEM). For the preparation of
TEM samples, the NWs were removed from the sub-
strate by sonication into ethanol suspension for 2 min. A
small volume of the NW suspension was left to dry onto
a holey carbon film supported by a Cu mesh TEM grid.

Cross-sectional views of the SEM images of the grown
NWs are shown in Fig. 1. All NWs are vertical to the
substrate. There are five junctions in each NW because
of the changes in the volume of the alloy droplets at the
tip of the NWs caused by different supersaturations of
Ga and Al dissolved in Au NPs. The supersaturation of

Fig. 1. (a) Sketch of the proposed NW configuration; (b)
cross-section view of the SEM image of GaAs/AlGaAs NWs.
The inset is a magnified pattern of the top segment of one
NW.
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Al is smaller than that of Ga; thus, the segments with
smaller diameters are AlGaAs sections.

The length of NWs slightly depends on the diameter.
As shown in Fig. 1(b), the length of the NW with a di-
ameter of 313 nm is 8.23 µm (as indicated by arrow A);
however, the length of the NW with a diameter of 201
nm is 7.1 µm (as indicated by arrow B). Previously, we
reported that the growth rate of GaAs NWs is diame-
ter independent[14]. Thus, Al adatom can be concluded
to enhance the influence of the diameter on the growth
rate of NWs. NWs with a larger diameter grow faster
than those with a smaller diameter. The Givargizov-
Chernov theory provides the following expression be-
tween the length (L) and the radius (R) of NWs[15]:

L = K

[
∆µ0

v − 2Ωsγsv

kBTR

]2

t, (1)

where ∆µ0
v is the difference of the chemical potentials

of atoms in the vapor and solid phases (in kBT units,
T is the substrate temperature during NW growth, and
kB is the Boltzmann constant) for the planar interfacial
boundary, γsv is the surface energy of the solid-vapor
boundary (per unit area), Ωs is the volume per atom in
the crystal, K is an unknown coefficient of crystallization
from the alloy droplet, and t is the growth time. The
second term in the square brackets on the right-hand
side of Eq. (1) arises due to the curvature of the NW
surface. Equation (1) qualitatively explains the increase
in the NW length with an increase in diameter at a given
growth time. The experimental data and corresponding
line calculated by Eq. (1) are shown in Fig. 2. However,
when the diameter of NWs is larger than 300 nm, there
is a large misfit between Eq. (1) and the experimental
data. Equation (1) should be revised for NWs with a
larger diameter (>300 nm).

Based on the top view SEM image, as shown in Fig. 3,
the NW shape is hexagon, and the sidewall facets be-
long to {112} families of planes, similar to the findings
in Refs. [16,17]. These results are different from those
reported in Refs. [9,12], whose facets are {110} families
of planes. The {112} facets have a larger number of
surface dangling bonds with respect to the {110} facets
that tend to reconstruct (Ga-Ga and As-As dimers)[18].
This may lower the surface energy of {112} facets to less
than that of {110} facets.

The VLS growth has two major contributions: direct

Fig. 2. Dependence of the NW length on the diameter. Dots
represent experimental data; line represents the results of the
calculations by Eq. (1).

Fig. 3. Top view of the SEM image of NWs.

Fig. 4. TEM analyses of a NW with a diameter of 81 nm. (a)
Bright field TEM image of the NW with an alloy particle at
the tip (the corresponding SAED is shown as an inset); (b)
HRTEM image of the middle section of the NW; (c) HRTEM
image of the bottom section of the NW. In (b) and (c), the
corresponding Fourier transform of the structure is shown as
an inset.

impingement of the precursors onto the alloy droplet
and adatom diffusion from the sidewalls and substrate
surface to the top[19−21]. The adatom diffusion has been
demonstrated to result in lateral overgrowth and taper-
ing when the wire length is longer than the diffusion
length of the adatom, and the growth rate is inversely
dependent on the diameter[22−24]. In our case, as shown
in Fig. 1(b), a remarkable phenomenon was observed:
lateral overgrowth and tapering of the NWs did not
occur because the NWs had a constant diameter from
base to top. Thus, in our case, the NWs can be con-
cluded to have grown with negligible contribution from
adatom diffusion and with major contribution from the
catalytic pyrolysis of the precursors impinging onto the
alloy droplet. In other words, the droplet acts as a cata-
lyst rather than a collector of adatom.

TEM and high resolution TEM (HRTEM) images of
the NW with a diameter of 81 nm are presented in Fig. 4.
These images were taken with [1−10] direction of the
electron beam incidence. As shown in Fig. 4(a), the se-
lected area electron diffraction (SAED) indicates a pure
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Fig. 5. TEM analyses of a wire with a diameter of 114 nm.
(a) HRTEM image of the alloy particle capped NW tip; (b)
HRTEM image of the middle section of the NW. The corre-
sponding Fourier transform of the structure is shown as an
inset.

Fig. 6. (a) Dark field STEM image of one NW; (b) Corre-
sponding EDS image of the top vertical line; (c) Correspond-
ing EDS image of the bottom horizontal line.

zinc blende structure, and no stacking fault is observed
in the NWs. HRTEM images of the middle and bottom
sections of the NW are shown in Figs. 4(b) and (c), re-
spectively. These images and the corresponding Fourier
transform confirm the pure zinc blende structure of the
NW.

Figure 5 shows the TEM analyses of a NW with a diam-
eter of 114 nm. The TEM images were taken with [1−1 0]
direction of the electron beam incidence. HRTEM im-
ages of the top and middle sections of the NW with the
corresponding Fourier transform are shown in Figs. 5(a)
and (b), respectively. The structure is a pure zinc blende
structure of the NW, and no stacking fault is observed.

The growth conditions of NWs, such as the high growth
rate and the relatively high V/III ratio, may all con-
tribute to the reduction of the planar defects, such as
stacking faults and twins, in the NWs[25]. Moreover,
fluctuations in the composition and size of the droplet
also result in stacking faults or twins in the NW due
to the change in tension and supersaturation in the
droplet[26,27]. Fluctuations in composition and size of

the droplet can be induced by the Ga and Al adatom
diffusion from the sidewall and substrate surface be-
cause the amount of adatom diffusing into the droplet
varies with the lateral overgrowth as well as with the
NW length. However, GaAs and AlGaAs have almost
the same lattice constant, and there is no tension at
their interface. Thus, the droplet remains stable during
growth with negligible contribution from the Ga and Al
adatom diffusion, which also contributes to the growth
of stacking-fault-free NWs.

EDS measurements were performed to probe the ele-
mental distribution along the length and the diameter of
the NWs. The EDS images of the top and bottom sec-
tions of one NW are shown in Fig. 6. The lines in the
NWs are scan lines. As shown in Fig. 6(b), the Al and
Ga counts reveal five periods where the Al and Ga signal
variations are anticorrelated. The regions with higher Al
signal and corresponding lower Ga signal are indicative
of the presence of the AlGaAs segment. In Fig. 6(c),
the Al signal is weak along the diameter of the NW.
Very thin growth of AlGaAs shells on the NWs surface
was confirmed. This result can be ascribed to the low-
temperature growth. Thick shells can only be grown at
a high temperature[7−13]. Based on the EDS analyses,
heterostructure junctions were axially grown along the
〈111〉 direction.

In conclusion, vertical GaAs/AlGaAs axial het-
erostructure NWs are grown on GaAs (111) B sub-
strate using the VLS mechanism. The high growth rate,
the relatively high V/III ratio, and the same lattice
constant between GaAs and AlGaAs contribute to the
growth of stacking-fault-free NWs. Moreover, NWs are
grown mainly through the contributions from the direct
impingement of the precursors onto the alloy droplets
and not so much from the contributions from adatom
diffusion. The results indicate that the droplet acts as a
catalyst rather than an adatom collector.
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