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ABSTRACT

Stacking-faults-free zinc blende GaAs nanowires have been grown by molecular beam epitaxy using the vapor-liquid-solid gold assisted
growth method. Two different approaches were used to obtain continuous low supersaturation in the vicinity of the growing wires. A double
distribution of gold droplets on the (111)B surface in the first case, and a highly terraced (311)B growth surface in the second case both
avoided the commonly observed transition to wurtzite structure.

One-dimensional nanowires made of III-V compound
semiconductors attract increasing interest for their use in
studying fundamental physics problems1-5 as well as for
potential applications.6-9 In general, semiconductor nanow-
ires are nucleated and grown via the vapor-liquid-solid
(VLS) mechanism with the assistance of metal droplets (gold
droplets are commonly used).10-13 Nanowire diameters and
lengths are determined by the size of the gold droplets and
the growth duration, respectively; however, their shape is
strongly determined by growth conditions such as group V/III
flux ratio and substrate temperature. The VLS method
enables growth of semiconductor nanowires with large aspect
ratio while producing an extremely uniform diameter along
the entire wire length, making them unique 1D conducting
channels, waveguides, or nanosize electromechanical systems
(NEMS). Presently, the ability to control the quality of
nanowires in terms of their microstructure is still a chal-
lenging task regardless of the growth method used, be it
MOCVD,10,12,14,15 CBE,16 or MBE.13,17-20 Here we report on
growth of nanowires by the MBE method.

The quality of III-V nanowires, and in particular GaAs
nanowires, had already been the subject of numerous papers
facing the problem of the hexagonal wurtzite (WZ) structure
dominating the microscopic structure of such wires.21-23 This
is in contrast to bulk or two-dimensional epitaxial growth
which are cubic having the zinc blende (ZB) structure. The
current understanding is that beyond a critically small
diameter which lies in the range of 10-30 nm the free
energies of the WZ and ZB structures become compa-
rable,22,24 resulting in occasional stacking faults forming
between alternating layers of WZ and ZB along the 〈111〉

axis of the nanowires. In turn, stacking faults are considered
to be deleterious to carrier transport, such as ballistic
transport, and luminescence. Unfortunately, the overlap
region between both polytypes happens to be of most
importance for the common nanowire applications.

GaAs wires having ZB structure were identified branching
from WZ wires grown on a (011) GaAs surface.20 Samuelson
et al. managed to grow ZB InP and InAs/InP wires by
avoiding melting of the substrate beneath the gold drop-
lets.16,25 While the growth of ZB nanowires was addressed
on a few occasions,18,26 the growth of pure ZB GaAs
nanowires by MBE has not yet been reported. The possibility
of growing pure ZB nanowires had already been suggested
by Hiruma et al.10 They speculated that lowering the growth
temperature of GaAs nanowires would favor ZB stacking;
however, as it turned out, by lowering the growth temperature
sufficiently, the wires had multiple stacking faults embedding
relatively large regions of ZB in between. Moreover, growth
at low temperature induced strong tapering along the wires,
rendering them useless. Here we demonstrate the growth and
characterization of stacking-faults-free ZB GaAs nanowires,
via the VLS method adapted to our MBE system.

In order to impose suitable conditions under which ZB
stacking would persist, it is instructive to list the conditions
under which GaAs preferably assumes the ZB structure. First
and foremost is the bulk form of GaAs which is always ZB
(unless external pressure is applied27). Second, during the
initiation of growth, and before the wires change their
stacking to WZ, they emerge from the bulk in ZB form.21

Third, at the tip of the nanowire, in the vicinity of the
interface between the wire and the gold droplet (initiated by
closing the Ga source), a change to ZB stacking is commonly
observed. A characteristic example of such transition for a
GaAs nanowire grown in the 〈0001〉 direction can be seen
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in Figure 1. Glas et al.21 has related the above ubiquitous
observations to low supersaturation conditions during the
growth of these phases. Intuitively, one would think that
lowering of the Ga impinging rate or increasing of group
V/III ratio would result in the appropriate condition of low
supersaturation. However, from our experiments reducing
the Ga arrival rate merely reduces the length of the nanowires
maintaining a WZ structure. Similarly, when the group V/III
ratio is increased, suppression of the growth of WZ GaAs
wires results in no ZB wires emerging.

On the basis of these observations we aimed at developing
a procedure of growth under continuous low supersaturation
conditions. We chose two different routes to impose low
supersaturation growth conditions. The first, by applying a
particularly thick layer of gold (1.5-2 nm) on a (111)B
surface of GaAs, which upon melting above the eutectic
temperature formed a double-size distribution of gold
droplets. A high density of large gold droplets (100-200
nm diameter) is formed among a lower density of smaller
gold droplets (30-50 nm diameter). Ga atoms that impinged
on the surface were more likely to be absorbed by one of
the large gold droplets, leading to strong competition over
Ga atoms by the small gold droplets. Similarly, a second
approach was to use the highly terraced (311)B surface,
which is composed of a high density of short terraces. Atoms
impinging on the terraces were very likely to be trapped at
the step edges before managing to reach the gold droplets.
Both procedures were expected to lead to a lower saturation
in the vicinity of the gold droplets which developed into long
wires.

GaAs nanowires were grown by MBE (in a Riber 32 solid
source system) using the VLS method. A layer of gold was
evaporated directly on the GaAs substrate, after an initial
oxide removal (in a separate chamber attached to the MBE
system) by heating the substrate to 600 °C. For growth on
(111)B or on the (311)B substrate, a gold layer 1.5-2 nm

or ∼0.5 nm thick, respectively, was evaporated. Note that
the thinner gold layer was shown to produce a uniform
distribution of droplets on a (111)B surface under similar
conditions of heat treatment. Subsequently, the wafer was
moved into the attached MBE growth chamber where GaAs
nanowire growth was initiated at a substrate temperature of
600 °C and an As4/Ga flux ratio on the order of 200. The
growth temperature used for growth on both substrates,
(111)B and (311)B, was chosen to be relatively high (50 °C
higher than our standard growth temperature for WZ wires),
in order to further reduce the supersaturation also by
enhancement of the bulk growth.

The analysis of the morphological and structural properties
of the wires was performed by scanning electron microscopy
(SEM) (Zeiss Supra 55 system at 2 kV) and transmission
electron microscopy (TEM) (for normal resolution, a Philips
CM120 microscope operating at 120 kV; for high resolution,
a Tecnai F30 UT operating at 300 kV). Samples examined
by TEM were prepared by dispersing nanowires in ethanol
using an ultrasonic bath for 1 min, followed by spreading a
drop from the suspension on a 300 mesh carbon/collodion/
Cu or lacy carbon/Cu grid.

Figure 2a shows a SEM image of the pregrowth distribu-
tion of gold droplets on the (111)B GaAs surface where the
double diameters distribution is evident. The top view (Figure
2b) shows the distribution of as-grown wires, which is
comparable to the original gold droplets distribution. Figure
2c, taken at 45°, clearly shows the general distribution of
the tilted thin and long wires among the short ones that are

Figure 1. TEM micrograph of a WZ GaAs nanowire growing in
the 〈0001〉 direction. Structural transition from WZ to ZB near the
interface with the gold is clearly seen. The Fourier transforms of
the WZ and ZB sections are on the left- and right-hand side of the
image, respectively.

Figure 2. SEM images: (a) top view of a pregrowth double
distribution of gold droplets (scale bar 200 nm); (b) top view (scale
bar 200 nm), (c) 45° view, and (d) side view of GaAs nanowires
grown on a (111)B surface with a double size distribution of gold
droplets (scale bar 200 nm).
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perpendicular to the substrate. The large diameter wires grew
perpendicularly to the surface and are relatively short (∼200
nm long) and actually cover up a significant part of the
surface, whereas the smaller diameter wires are much longer
and are tilted with respect to the substrate by some ∼80°
(either in the 〈001〉 or in the 〈011〉 direction).

Systematic inspection by TEM of the thin, long nanowires
revealed a perfect ZB crystal structure, free of stacking faults.
A TEM micrograph of a typical wire is seen in Figure 3.
Most tips of the ZB wires have one or more diagonal twin
planes symmetrically situated on both sides. This is similar
to the tips of WZ wires that grow in the 〈0001〉 direction
(Figure 1). In the WZ case, the twin plane is exactly
perpendicular to the 〈0001〉 growth direction. However, in
the ZB wires, since the 〈111〉 axis is no longer aligned

perpendicularly to the growth front, the twin planes form an
angle of 36° with the growth direction. These twin planes
emerge from the wire edge propagating inward, which means
that they nucleate at the wire perimeter. This serves as a
unique demonstration of the growth mechanism at the gold
droplet/nanowire interface, showing that nucleation indeed
occurs at the triple phase boundary (between gold, nanowire,
and vacuum).21,28 While occasionally only a single twin plane
was observed on either side of the wire, we also found wires
with both twin planes merging into a single point inside the
wire (see Figure 4).

Now we relate to the other method that minimizes
supersaturation, namely, growth on (311)B. The (311)B
surface is formed by tilting the (100) surface by 25° toward
the (111)B surface; hence it is a highly terraced vicinal
surface with typically ∼6 Å wide terraces. Atoms impinging
on such small terraces are quickly absorbed by the step ledges
as well as at the kinks along the terraces. The thickness of
the evaporated gold layer was ∼0.5 nm, only a third of that
used to form the double distribution on the (111)B substrates.
Note that this thickness assured uniform size distribution of
gold droplets after annealing on a (111)B surface. Figure 5a
shows a strikingly uniform distribution of long, tilted, pure
ZB wires, which grew among a dense population of very
short, undeveloped, WZ wires in between. The tilt angle of
the long wires is some ∼70° to the surface (Figure 5d). This
angle happens to be similar to the angle between the [311]
and the [001] directions which is 72.4°. However, a more
detailed understanding of the tilt angle of the ZB wires
growing on both the (111)B and the (311)B surfaces requires
further study including a better statistical survey.

Indeed, TEM micrographs once again proved that the
crystalline structure of the long wires is a pure, completely
free of stacking faults, ZB crystal lattice (see Figure 6a, b,
and c). In a similar fashion to ZB wires grown on the (111)B
surface, the majority of the wires grew in the 〈001〉 direction,
having four {110} facets, while others grew in the {110}
direction having two {011} and two {001} facets. In Figure
6d a typical electron diffraction pattern of a nanowire, which

Figure 3. (a-c) HRTEM images taken from the top, center, and
bottom of a ZB GaAs nanowire grown on a (111)B surface as
marked in the low-magnification TEM image (bottom right). Bottom
left is the electron diffraction from the center of the wire; the arrow
indicates the growth direction of the wire.

Figure 4. TEM image of a ZB GaAs nanowire exhibiting two
converging diagonal twin planes, emerging from the perimeter into
a single spot (the arrows are guides to the eye).
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is viewed from the [110] direction, displays the growth
orientation of the nanowire-being in this case 〈001〉 .

We looked at fully grown ZB wires with well-developed
side facets. Growth of such side facets takes place via a two-
dimensional growth mechanism of atoms that impinge on
the surface of the substrate and climb up to the gold droplet
and others that directly impinge on the side walls (possibly
due to the tilt angle with respect to the impinging supply of

atoms).17 Figure 7 is a SEM image of the as-grown ZB wires,
which discloses the fact that the ZB nanowires can grow in
two distinct shapes, one having a square cross section and
the other a rectangular one. Systematic TEM studies of such
wires further suggested that both shapes are related to growth
in the 〈001〉 and 〈011〉 growth directions, respectively. As
noted above, among the analyzed wires the majority grew
in the 〈001〉 direction. In the initial stage of growth the cross
section of all wires was circular and their diameter was
determined by that of the gold droplet. The wires growing
in the 〈001〉 direction gradually develop four identical {110}
side facets, which grow at the same rate, thus forming a
square cross section. However, the wires that grew in the
〈011〉 direction had two opposite {011} type facets and two
opposite {100} type facets. Due to their inert nature the
{011} facets are very slow growing ones compared to the
{100} facets, leading to a rectangular cross section.16,25,29

Both processes are schematically illustrated in Figure 8. The
growth rate of different types of facets was used before to
explain the morphology of GaP-GaAs nanowires.30

It is noteworthy that under such low supersaturation
conditions the wires nucleating as ZB are unlikely to form
stacking faults since once formed, as in the case of bulk
growth, their energy is lower than that of the WZ, and thus
there would be no driving force for the structural transforma-
tion.

A noticeable advantage of growth on the (311)B surface,
which systematically produces wires having the ZB structure,
is the fact that part of the surface is covered by short WZ
nanowires, ensuring a lower density of the ZB nanowires
and a spread-out distribution thereof. Sufficient scarcity

Figure 5. SEM images of GaAs nanowires grown on a (311)B
surface: (a, b) 45° views at different magnifications; (c) top view;
(d) side view.

Figure 6. (a-c) HRTEM images taken from the top, center, and
bottom of a ZB GaAs nanowire grown on a (311)B surface as
marked in the low-magnification TEM of the wire (top right).
Bottom right is the electron diffraction from the center of the wire;
the arrow indicates the growth direction of the wire.

Figure 7. SEM side view (left) and top view (right) of ZB GaAs
nanowires grown on a (311)B surface.

Figure 8. Schematic top view of ZB GaAs nanowires growing in
the [001] (top) and [011] (bottom) directions; {001} and {011}
are fast and slow growing planes, respectively.
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eliminates interaction between nearby wires and is more
conducive for external coating in processes such as the
formation of core/shell structures. This approach is clearly
more advantageous than the commonly used procedure of
passivating the surface between the wires by spinning of
polylysine15 which is incompatible with any ultrahigh purity
processes.

In conclusion, we showed that the growth of pure GaAs
ZB wires by MBE using the VLS method is feasible and
can produce stacking-fault-free nanowires. This can be
achieved by locally reducing supersaturation conditions, thus
preventing a transition to a WZ stacking, as we demonstrated
using two different approaches: high concentration of large
diameter gold droplets on the (111)B surface, consuming
excess elemental deposits in the first case; and growth on
the (311)B surface, having numerous surface steps, which
also capture the supplied atoms, in the second case. Both
methods provided competition over the impinging atoms,
allowing for smaller droplets in between to evolve into fully
grown ZB nanowires.
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