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ABSTRACT

GaAs nanowires were grown on the semi insulating undoped GaAs (111)B wafer by using metal organic chemical
vapor deposition, MOCVD. The growth follows the vapor-liquid-solid method by applying nanoparticle gold colloid as a
catalyst to forms a eutectic liquid alloy with the wafer substrate. The GaAs wafer were first dipped in the poly-L-lysine
solution before 30nm gold colloid dropped on the wafer surface. The temperature growth was set at 420 °C and the
growth processes were done between 10 to 60 min. The samples structural were characterized using field emmission
scanning electron microscope, FE-SEM and shows the GaAs nanowires height increased with the increasing growth
time. On the top of each wire contain ball which include some quantity of Au when anlyze using energy disperve x-ray
spectroscopy, EDX.
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1. Introduction

A nanowire (NW) is an extremely thin wire with a diameter on the order of a few nanometer (nm) or less.
Free standing NWs, also called nanowhiskers, have a promising future as one-dimensional (1D) building blocks
for a wide range of applications for example in electronics, photonics and life-sciences [1]. NWs have many
interesting properties that are not seen in bulk or 3-D materials because electrons in NWs are quantum confined
laterally and thus occupy energy levels. NWs can be produced using chemical etching, indent the STM tip near
the surface, deposited or synthesize from the elements. A common technique for creating a NW is the vapor-
liquid-solid (VLS) synthesis method which first discovered by Wagner and Ellis [2] in 1964 to explain the
epitaxial growth of micron-sized Si whiskers. According to this method, a small (micrometer-sized) Au particle
on the semiconductor Si surface forms a eutectic liquid alloy with the host material at growth temperature. The
liquid droplet is an ideal sink for reaction species supplied from the surrounding vapor and is readily
supersaturated with reaction species. The precipitation of reaction species predominantly occurs at the
liquid/solid interface and leads to highly anisotropic growth. Recently, the VLS growth technique has been
extended to nm-sized Au particles on a variety of semiconductor materials including III-V [3,4], II-VI [5]
compound and group IV elemental [6] semiconductors. With a reduction in size, unique electrical, mechanical,
chemical and optical properties would be results of large surface area and quantum confinement effects [1,7-8].
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III-V compound semiconductor NWs such as GaAs was intensively being investigated due to the direct band gap
and high carrier mobility [9]. However, there are still many open questions to be answered before GaAs
whiskers can be used as versatile building blocks in nanostructure devices. In this study, we investigated the
growth of GaAs NWs using MOCVD with different growth time processes between 10 to 60 min.

2. Experimental

The experiments start with semi insulating GaAs (111)B wafer immersed in 0.1% poly-L-lysine (PLL)
solution for 3 min. After washing with deionize water and subsequent drying with N,, the wafer was cut into
desired size. The 30 nm diameter gold colloids were dispersed on the wafer surface by using microlittre pipette
and immediately washed after 20 sec. The PLL layer on the surface is positively charged and attracts the
negatively charged of the gold colloids [10]. The cutting wafer was put on the graphite susceptor inside the
vertical reactor in the MOCVD system for the growth processes. The growth pressure inside vertical reactor
chamber was 76 Torr. Trimethylgallium (TMGa) and arsine (AsHj; 10% in H,) were used as the source gases.
The AsH; to TMGa molar flow ratio (the V/III ratio) was set at 80. The wafer was annealed in situ at 600°C
under AsH; ambient for 10 min to desorbed surface contaminants and form eutectic alloy between Ga and gold
colloid (Au) [3]. All the samples were characterized using a JEOL JSM-6701F field emission scanning electron
microscope (FE-SEM) system. It operated at 2kV for tilted views picture to obtain information on surface
density (number of nanowires perunit area) and morphology (growth orientation on the substrate, height and
faceting orientation). Energy dispersive x-ray spectroscopy (EDX) was used to identify the component elements
of the nanowires

3. Results and Discussions

Figure 1 shows field emission scanning electron microscopy (FE-SEM) images of GaAs nanowires grown at
420°C with different growth time (10, 20, 30 and 60 min) on GaAs (111)B substrate. All the samples were tilted
30 degrees from the electron beam for clarity. Picture (a) shows no nanowire grown except several particles gold
colloids with varied sizes are randomly distributed on the GaAs surface. Increasing growth time to 20 min make
nanowires built with height up to 97.5nm. Increasing more to 30 min growth makes nanowires grown longer.
With growth time 60 min, the average wire height is 210nm but the densities decreased compare to 30 min
growth. After the nanowire growth process, the samples were cooled in an AsH; flow to prevent the components
of GaAs from desorbing. Most of the nanowires were grown perpendicular to the substrate surface, along the
(111)As dangling bond direction. The average height of GaAs nanowires with different growth time process are
shown in Figure 2.

The growth-time dependence of the wire growth process indicates that the most likely mechanism for the
nanowire growth is vapor-liquid-solid (VLS) mechanisms. This procedure is similar to the ones reported by
Hiruma [3] who grown GaAs nanowires using MOCVD system. Au which first deposited on GaAs surface was
heated for 10 min at 600°C to desorb surface contaminants. The high temperature (600°C) is above the Au-Ga
binary system eutectic point (353°C) [10] to promote Au/Ga alloy formation. The nanowire/whisker was then
grown underneath the droplet of Au particle when trimethylgallium and AsH; are supplied. Figure 3 shows a
schematic diagram of VLS growth mechanism for GaAs nanowires.

The growth-time dependence of the GaAs nanowire growth is consistent with VLS growth shown in Figure
3. On the top of each wire, there is a characteristic ball. Energy dispersive x-ray spectroscopy (EDX) was used
to identify the component elements of the NWs. Several materials were detected as can be seen in Figure 4.
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Spectrum (a) shows the EDX analysis recorded at the point (b) in Figure 2 for GaAs NWs where as spectrum (b)
recorded on top of nanowire at point (a). Au peak contains only at point (a). For both spectrums, elements C
probably comes from the TMGa, O just from exposure to the air because the moment it took out from the reactor,
it is exposed to atmosphere. Pt is detected due to the sample coated before EDX process. It is found that from
the spectrums, a large quantity of Ga and As were observed nearly 80% of the materials contain on each of
nanowires. The Ga and As peaks also reached the highest peak compare to others materials. Nanowire has very
large surface area; therefore the Au peak is very small compare to Ga and As.
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Figure 1: 30° tilted view of GaAs nanowires grown on a GaAs(111)B substrate for 10 min (a), 20 min (b),
30 min (c), and 60 min (d) at a temperature 420°C and V/III ratio of 80.

4. Conclussion

GaAs nanowires have been prepared on GaAs(111)B substrates by vapor liquid solid mechanisms using
metal-organic chemical vapor deposition (MOCVD) system. The microstructural analysis using field-emission
scanning electron microscopy system (FE-SEM) shows that most of the nanowires were grown perpendicular to
the substrate and the height of nanowires increasing with the growth time increased. On top of each nanowire, a
gold ball which plays as a catalyst in forming nanowire was defined by energy dispersive x-ray spectroscopy
(EDX). More work has to be done for making nanowires longer and larger surface area for better properties in
structural, optical & electrical properties for electronic and optoelectronic applications
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Figure 2: A plot of the nanowire height versus
growth time at 420°C growth temperature
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(a) Spectrum recorded at point (b) in Figure 3

Figure 3: Schematic diagram of vapor-liquid-solid
growth of a GaAs nanowire/building block [3]
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Figure 4: EDX spectrum recorded at different positions of the GaAs nanowires. Picture (a) is the spectrum
recorded of the GaAs nanowire body. Picture (b) recorded at the tip or head of nanowire.
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