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Abstract

In this work, pulsed laser ablation was used to prepare indium nitride nanoparticles and their spectroscopic
characteristics were determined and analyzed. An Nd:YAG laser was used to irradiate an indium target
immersed in ammonium hydroxide solution using different laser energies (40, 60, 80, and 100mJ) at different
ablation times (5, 10 and 15 min). The transmittance of the prepared nanoparticles was studied as a function of

both laser energy used for irradiation and ablation time.
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1. Introduction

During the last few years the interest in
the indium nitride (InN) semiconductor has
been notice. Indium nitride is an important
I1l-nitride  semiconductor with  many
potential applications [1,2]. The main
problems in creating InN are low
dissociation temperature of InN [3,4],
relatively low melting point of indium metal
[5,6], the mismatched with the substrate, and
the difficulty in achieving good material
quality [7]. In spite of all these problems,
InN has taken a lot of attention as a potential
material for manufacturing high speed
optoelectronic devices [8,9]. It owns good
electron transport properties, low effective
electron mass and comprises a surface
electron accumulation layer, which make it a
suitable material for the fabrication of high
frequency devices [10-12]. Low effective
mass for electrons which leads to high
mobility and high saturation velocity [13]. It
was found that InN offers high peak drift
velocity at room temperature [14]. The direct
and narrow-band gap [15], high thermal
conductivity, excellent mechanical
properties, high electrical resistance, and its
piezoelectric constants are relatively large
make indium nitride taking special
interesting [16,17].

The quality and performance of the InN
based device structures are dependent on the
crystal structure. InN crystallize in the
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following categorize: wurtzite (hexagonal),
zincblende (cubic) [18]. InN crystallizes in
the hexagonal wurtzite lattice that consists of
two hexagonal close packed (HCP) sub-
lattices of In and N atoms in C%yv symmetry.
Juza and Hahn first reported the crystalline
structure of InN to be wurtzite. The WZ
structure is usually represented by two
lattice parameters a and c. The basic lattice
constants are a = 3.5365 A and ¢ = 5.70399
A [19]. In this structure each atom is four-
fold coordinated. The strong uniaxial nature
in combination with the partially ionic
bonding leads to a strong piezoelectric
polarization along the c-axis [20].

In this work, pulsed laser ablation was
used to prepare indium nitride nanoparticles
and their spectroscopic characteristics were
determined and analyzed.

2. Experimental Part

Figure (1) shows the experimental setup
for laser ablation of indium target immersed
in ammonium hydroxide (NH4OH) (24.5%)
solution, which includes laser source:
HUAFEI Nd:YAG laser system
(A=1064nm) with maximum energy per
pulse of 1000 mJ, pulse width of 10 ns,
repetition rate of 1 Hz. The laser is applied
with a lens of 120 mm focal length to
increase the laser fluence.

A pure indium target (HIMEDIA,
99.99%), with dimensions of 5x10x1mm?®
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was used in this work as a target material for
the  preparation of indium nitride
nanoparticles. The ablation process was
typically done for ablation times of 5, 10 and
15 min at room temperature with different
energies (40, 60, 80 and 100mJ). The target
placed in a sealed stainless steel container.

The sealed stainless steel cell was made
up of three sections strongly bolted together.
A glass window was placed on the top of the
cell to prevent splashing of the liquid phase
and hence loss of ablated materials. The
experiments ablation of the indium target in
ammonium hydroxide in this work was
carried out in the sealed cell.

5° Mirror

Nd:YAG Laser

Focusing lens

Ammonium hydroxide

Indium target

Fig. (1) The experimental setup for the preparation of indium
nitride nanoparticles

3. Results and Discussion

Figure (2) demonstrates the influence of
varying the laser energy and ablation time on
nanoparticle concentration generated by
laser ablation of indium target at different
conditions. The laser energy at range from
40 to 100 mJ and varying laser ablation time
(5 to 15min) illustrated in this figure. Figure
(2a) demonstrates the influence of the
ablation time of laser ablation of indium
target (5, 10 and 15 min) at 80 mJ; the
nanoparticles  concentration  increased
almost linearly with laser ablation time. It
was clearly observed that the increase laser
ablation time between 10 and 15 min allows
higher particle concentration production.
Increase the concentration of the indium
nitride nanoparticles in the case of laser
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ablation in liquid is related to increased
radiation absorbed by the material due to
increased beam absorption. As expected, the
material removal rate, strongly depends on
of laser ablation time. When increasing the
laser ablation time, this will lead to increase
the overlapping pulses.
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Fig. (2) Variation of InN nanoparticles concentration as a
function of (a) ablation time, and (b) laser energy

Figure (2b) introduce the effect of
changing laser energy on the concentration
of the particle. As observed, the laser energy
increased from 40 mJ to higher value, the
ablation efficiency enhanced. Delivering
more energy that implies ablating larger
amount of material because of the plasma
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plume becomes more intense and the
nanoparticles cloud becomes denser.

Production of InN can be confirmed most
easily by UV-Vis-NIR spectroscopy through
the assignment of the characteristic
transmission peaks which reflect the lengths
of InN. The effect of the laser energy on the
formation of InN nanoparticles is very
important. Figure (3) shows UV-visible-IR
transmission spectra of suspensions of InN
nanoparticles prepared by laser ablation of
an indium target in ammonium hydroxide at
different laser energies (40, 60, 80, and 100
mJ) at a constant laser ablation time (5 min).
The height and width of the transmission
spectra were found to be dependent upon the
laser energy. It can be clearly seen that the
transmission peak intensity decrease with
the laser energy increased due to increase of
the InN concentration. The maximum
optical transmission edge at 1378 nm, the all
sample spectra show the similar peaks, but
each line has different absorbance value in
each point of the wavelength. This indicates
that the InN nanoparticles produced have
different size of distribution.
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Fig. (3) UV-visible-IR transmission spectra of the samples
prepared using different laser energies at constant ablation
time (5 min)
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The narrower peak on the spectrum
indicates the more homogenous size
distribution. The height of the peak is
calculated from the based line of spectrum,
spectrum 80mj and 100mj and shows lowest
transmittance that indicates the highest
number of InN NPs in solution. Spectra of
40 and 60 mJ show higher transmittance
most probably that is because the spectrum
has more number of big particles in the
solution that reflect much more light than the
spectra of 80 and 100mJ. Also the intensity
of InN produced change with laser energy;
figure (3) explain these effects are due to the
change of nanoparticles concentration with
laser energy.

4. Conclusions

In this work, pulsed laser ablation was
used to prepare indium nitride nanoparticles
and their spectroscopic characteristics were
determined and analyzed. The transmittance
of the prepared nanoparticles was studied as
a function of both laser energy used for
irradiation and ablation time. It can be
concluded that using higher laser energy
lead to decrease the transmittance of the
prepared nanoparticles as the concentration
of these nanoparticles is consequently
increased.
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