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Research  dealing  with  one

dimensional  nanostructures  is

currently known as one of the most

promising in the field of

nanotechnology. These structures

offer better quantum confinement

and  better efficiency  thus

promoting them to be the future

building blocks of electronic &

optoelectronic devices. Here we

plan to introduce aluminum nitride

(AIN), a III nitride semiconductor

with the largest band gap among

other semiconductors making it a

valuable candidate for deep UV

optics. AIN is also known for its

mechanical strength, hardness and

chemical inertness [1]. Also, the

dielectric & piezoelectric properties

of AIN has made it's way in

electronics as buffer layers and

surface acoustic wave devices [2].

But as for the optical properties,

its

[ The growth mechanism of aluminum nitride
nanostructures is defined by three parallel
processes, the Kirkendall effect, the mass diffusion
process and the Vapor-Liquid-Solid (VLS)
mechanism. The main thermo dynamic parameters
dealing with these processes are temperature and
the I1I/V ratio which is defined by gas flow. The
Kirkendall effect is the main reason why hollow
nanostructures like microurchins and nanotubes
form [4]. The mass diffusion process governs
nanocrystal formation (nanotips & nanorods),
especially in the quasi-aligned state. This is a
temperature activated process, that can ultimately
decide whether the nanocrystal should have a sharp
tip or a flat top [5]. The growth mechanism of these
nanocrystals are explained by the famous VLS
process. The 1II/V ratio i r way to control

1 morphology [6] { e
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A Complete Study on the AIN Nanostructure Formation Mechanism
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Aluminum nitride is mostly known for its large band gap of 6.2 eV, making it a suitable
material for deep UV optics. The many different physical & chemical properties of AIN
like hardness, chemical stability, flexibility, near zero electron affinity and piezoelectric
properties has made AIN a very attractive material for electronics, lasers, field emission

devices [1-3] and even composites [4].

The synthesis process for AIN nanostructure growth was conducted via Chemical Vapour
Deposition (CVD). The product variety, e.g. nanowires, nanowhiskers, nanotips, nanorods
and “wired” nanocages, is the result of thermodynamic parameters like gas flow, reaction
temperature and substrate specifics governing the three main processes that forms a
resulting nano architecture: surface diffusion, the Vapour Transport & Condensation
Process (VTCP), and the Kirkendall effect. The main goal of our research is to conduct a
full study on the various geometries AIN nanostructures obtain by altering the
thermodynamics of the growth process and based on the existing data, the proposal of a
formation mechanism. In addition, it is shown and explained that not only the growth
procedure affects the final morphology, but it also alters the emission wavelength by

producing red, green & blue light in RT, valuable for LED fabrication.
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SizNs Nanotip Array Synthesis via Silicon Substrate Treatment
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The incorporation of nanotechnology in the materials industry has led to the production of
ceramic-matrix nanocomposites based on nanofibres with enhanced product strength and
ductility [1-3]. Among many ceramics, silicon nitride has a special place. SizN, is a high
strength & flexible ceramic famous for its good resistance to thermal shock [4]. Also, SizNy

nanowires have better bending strength compared to its bulk counterpart [5].

In the following research, the nanostructures synthesized are nanowires, a quasi-aligned
array of nanotips, microurchins and a unique ladder shaped nano architecture. The
synthesis process was carried out in an electric tube furnace in the presence of ammonia
gas flow while the silicon source came directly from the Si wafer, chemically treated in
hydrofluoric (HF) acid. Reports dealing with SizN4 nanostructure synthesis incorporating
the Si substrate as the silicon source are scarce with little or no detailed information about
the growth mechanism. The silicon wafer was then placed above a mixture of ammonium
chloride and ammonium fluoride powders for additional etching and reaction. These
procedures resulted quasi-aligned nanontips protruding from the silicon substrate via

Vapour-Solid reactions leading to the proposal of a growth mechanism.
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The Study of Aluminum Nitride Nanowire Growth Mechanism

Gharavi, Mohammad Amin'; Haratizadeh, Hamid'
! Department of Physics, Shahrood University of Technology, Shahrood
Abstract

With the help of a horizontal electric tube furnace and chemical vapor deposition, one dimensional
aluminum nitride nanostructures were successfully synthesized. These structures which have a
diameter of approximately 20-100 nm and a length of several microns were grown on silicon
substrates coated with an ultra thin layer of gold as a catalyst. The products were analyzed via
scanning electron microscope, X-ray diffraction and photoluminescence spectra. In addition to the

analysis results, a growth mechanism has been discussed.
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Abstract

Via chemical vapor deposition and an electric tube furnace, a successful synthesis of
different one dimensional nitride semiconducting nanoarchitectures was performed. To do
so, a nitride semiconductor nanostructure growth system was designed. The system
consists of an electric tube furnace, active and carrier gas capsules, steel tubes and valves,
steel tube ends, alumina and quartz tubes, flow meters, a gas scrubber and the water bath
circulator. The reactions occur between the starting materials of the alumina boat and the
ambience which relates to a thermal chemical vapor deposition technique. The products are
obtained from two different thermal regions, the middle section with a reaction temperature
ranging from 950 °C-1250 °C and the tube ends with an approximate temperature of 50 °C.
It is obvious that these thermal regions affect the final nanostructure geometry. The
obtained structures were of aluminum nitride (AIN) and silicon nitride (SizNg)
semiconductors in the form of various nanocrystals e. g. nanoneedles, nanorods, micro
urchins, nanowires, nanocages & nanoparticles. Some of these structures are in a quasi-
aligned state while some are being reported for the first time (wired nanocages and
nanochips). The data provided came from SEM, XRD, XRF, EDX and Photluminescence
analysis techniques. The analysis results provide valuable information dealing with
structure morphology, crystal lattice, elemental composition and optical properties needed
for growth mechanism identification. Product variety is the result of thermodynamic
parameter regulation and control i. e. growth time, reaction temperature, active & carrier
gas flow control, catalyst employment, substrate temperature, etc. Based on the obtained
data, a growth mechanism is proposed. Our proposed growth mechanism is based on a
series of physical processes and phenomena like the surface and mass diffusion processes,
the kirkendall effect and the VLS and VTCP growth mechanisms to name a few. It is
shown that although aluminum nitride nanostructure formation is initially activated by the
VLS mechanism, the VTCP mechanism will ultimately take over the growth process. As
for silicon nitride, the nanostructures grew directly from the chemically treated silicon
substrate to form a nanoneedle quasi-array. The provided growth technique is both simple
and economical, which results the incorporation of AIN nanostructures in LEDs and the
installation of SizN4 nanoneedles as AFM probes.
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