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A B S T R A C T

In this study, the influence of Si ions irradiations (12 MeV energetic) on structural and optical characteristics of
InGaN/GaN thin film has been investigated. Irradiation was performed at different Si ions fluences in the range
of 1×1013 to 1×1015 ions/cm2. X-ray diffraction (XRD) pattern of pristine film indicates only the (0 0 2)
oriented crystallites of InGaN while the irradiated films patterns showed other phases (InN and GaN) as well. Ion
irradiations at different dose rates have shown no or negligible effect on grain size of InGaN except a shift in the
peak position which demonstrates the development of tensile stresses. The existence of other phases in the
irradiated films patterns is the indication of InGaN phase separation. Defects produced due to irradiation were
also confirmed from peak shifting and appearance of new peak at 669 cm−1 in Raman spectra. A decrease in
optical bandgap with the increase of ion irradiation dose rate is being reported in this work.

1. Introduction

The ternary In1−xGaxN alloy system has attracted much attention in
the scientific community due to its unique electrical and optical
properties [1]. Its optical bandgap can be tailored in a wide range
covering ultraviolet to near-infrared covering over more than 80% of
the solar spectrum, depending upon the composition, deposition
method, growth parameters and post growth treatments. This makes
InGaN an ideal semiconductor for applications in medical photonics
and communication devices [2–4]. Therefore, investigations on the
effects of composition, strain and phase separation on optical properties
offer a wide range of study.

InGaN alloys have numerous useful properties and are different
from those of their constituent components, like tailorable bandgap
which can lead to the emission of different colors of light. However,
under certain conditions, this alloy breaks down into their binary
fractions or into regions considerably richer or poorer in one constitu-
ent than would be expected from the overall composition of an alloy. If
the alloy does not dissociate into its constituents (show phase separa-

tion), there would be random lattice occupation or ordering in the
arrangement. The degree of strain, growth conditions and thickness of
the layer determine phase separation [5–7].

The 5UDH-2 Pelletron Tandem Accelerator ion irradiation has been
often used to investigate the applicability of devices in irradiation
environment. Previously, an investigation was conducted on protons,
neutrons, neon and krypton ions irradiations to probe the radiation
tolerance of InGaN thin film [8–11]. However, the irradiation energy
was kept below 5 MeV. Very little is known about the influence of
heavy ion irradiations above 5 MeV on InGaN material. In this material,
phase separation into its constituents under irradiation environment is
still a matter of debate. The phase separation and defects production in
ion irradiated materials could have adverse effects on the usability of
InGaN based devices in optical applications. This study could provide a
platform for understanding the behavior of InGaN thin film material
interaction with ion irradiation specifically with Si ion irradiation.

In this study, tailoring the structural and optical characteristics of
InGaN/GaN multilayer thin film by 12 MeV silicon (Si) ions beam
irradiations, are discussed. X-ray diffraction (XRD) and Raman shift
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investigations were employed to investigate the consequences of
different fluences of Si ions irradiation on the structural modulations.
Ion beam irradiation induced change in the optical bandgap was also
studied.

2. Experimental details

InGaN/GaN thin film grown on sapphire substrate has been used in
this research work. It was purchased from Xiamen Powerway Advanced
Material Co., Ltd., China. As grown film was exposed to a collimated
beam of Si ions with 12.0 MeV energy provided by a 5UDH-2 Pelletron
Tandem Accelerator, installed at National Centre for Physics (NCP) in
Islamabad, Pakistan. The vacuum was kept at 10−6 Torr during the
irradiations process. The projected range of 12 MeV Si ions in the
InGaN was found to be about 4.08 µm using the stopping/range of ions
in matter code (SRIM 2008). The range is kept much larger than the
film thickness for ensuring a homogenous damage distribution. The
samples were mounted on a high-precision goniometer so that the
orientation of samples relative to Si ion beam could be precisely
controlled. The experiments were performed at different ion fluences
at 1×1013, 1×1014 and 1×1015 ions cm−2. The fourth sample was not
irradiated and had been taken as a reference sample.

For structural analysis of pristine and irradiated films, X-ray
diffraction (XRD) and Raman spectroscopy was utilized. The XRD data
were collected in the 2θ range from 20° to 80° with a step size of 0.02°
using a Bruker X-ray diffractometer, operated at 40 kV, 40 mA and at a
temperature of 25 °C, with Cu-Kα (λ=1.54191 Å) radiation. Rutherford
backscattering spectroscopy (RBS) was used to investigate quantitative
and qualitative elemental composition. The Raman spectra were
collected by a LabRAM III from DongWoo Optron, South Korea, using
a 150 mW argon ion laser with 514 nm wavelength. For optical
characteristics, UV–Vis spectrophotometer was utilized.

3. Results and discussion

3.1. X-ray diffraction analysis

XRD spectra shown in Fig. 1 of InGaN/GaN epilayer were taken
before and after irradiation for obtaining information of irradiation
induced structural changes. In as grown film spectrum, two peaks are
observed at 33.92° and 34.74°. The prominent peak is related to (0 0 2)
orientation of InGaN while relatively lower intensity peak correspond
to (0 0 2) orientation of GaN. The broader and smaller peak for GaN
observed in pristine spectrum is due to reflection from the underlying

GaN layer. After ion irradiation at 1×1013 ions/cm2, GaN peak
intensity is abruptly enhanced compared to InGaN phase and another
lower intensity peak appears at 31.36° corresponding to hexagonal (0 0
2) orientation of InN (Reference card:00-002-1450). However, with
further increase of the fluence to 1×1015 ions/cm2, the GaN peak
intensity decreases relative to InGaN peak.

To clearly observe the above mentioned changes, the region of
interest in XRD patterns has been enlarged and is shown in Fig. 2.
Fig. 2(a), shows that the InN peak intensity increases at a fluence of
1×1013 ions/cm2. However, when the fluence is increased to
1×1015 ions/cm2, this peak broadens, indicating the amorphization
of InN phase. The enlarged region of other two peaks of InGaN and GaN
is shown in Fig. 2(b). The InGaN peak is slightly shifted after ions
irradiation. At low fluence of 1×1013 ions/cm2, the InGaN peak
remains stable. With the increase of fluence, this peak shifts toward
smaller angles and the shift at 1×1015 ions/cm2 is slightly higher as
compare to the shift occurs at 1×1014 ions/cm2 ion dose. As far as the
GaN peak is concerned, its intensity not only increases but also splits
into two sub peaks (at 34.7° and 34.9°) at the ion fluence of
1×1013 ions/cm2 and 1×1014 ions/cm2. However, these two peaks
are not evident at higher ion fluence of 1×1015 ions/cm2.

Grain/particulate size of InGaN in pristine and irradiated film has
been calculated using the Scherrer's formula D=0.9λ / B cosθ (D is the
crystallite size, λ is incident radiation wavelength (Cu Kα=0.154 nm)
and B is FWHM) [12]. The crystallite sizes of InGaN before and after
irradiation were calculated from using FWHM and are listed in Table 1.
It can be seen that grain size of the InGaN phase is not much affected
due to ion irradiation.

Appearance of InN and GaN peaks may correspond to ion beam
induced nucleation of new grains or segregation of existing phase. The
phenomena can be well understood from thermal spike (TS) model
[13]. Ions in MeV energy range interact with InGaN/GaN and cause
significant amount of electronic energy loss along their track. It also
ionizes the InGaN/GaN along the track thereby transferring energy to
its lattice and results in localized heat production along the ion track,
which is known as thermal spike. The localized heating creates
transient molten zones at several thousand of degree Kelvin which
result in atomic displacement and mass movement in InGaN/GaN
system [14]. In picoseconds time frame, ion tracks cool down (quench-
ing) resulting in phase segregation and ultimately producing InN and
GaN phases. Different phase clusters form after ion beam induced local
heating and rapid quenching. It can also be observed from Fig. 1 that
GaN relative peak intensity first increases with increasing Si+ irradia-
tion and then decreases at higher ion fluence (1×1015 ions cm−2),
possibly due to the generation of defects that consequently leads to
lower degree of GaN phase crystallinity.

The deviations of thin film peak position from that of its corre-
sponding bulk material value represent the stress development during
or post growth treatment. The expansion of lattice parameters as
evident from negative shift in InGaN peak positions of the irradiated
films may be associated with the stress generation during film irradia-
tion and demonstrate a tensile stress [12,15]. It may also be due to
entrapment of Si atoms which act as impurities within the InGaN lattice
[16]. The rise in peak intensity with increase of ion fluence could be
related to local temperature increase as proposed in thermal spike
model. The local rise in temperature (annealing) for a very short span of
time increases the total lattice energy. This induces crystallization in
the film that consequently leads to increase in peak intensities, grain
sizes and reduction in defects [17].

As far as GaN peak splitting is concerned, it may be due to the
formation of a damaged band, in GaN layer. Due to irradiation, in
addition to the formation of surface damaged layer, the ion beam-
induced-point-defects are produced and distinct lattice disorder along
with lattice expansion occurs [18,19]. These phenomena may be the
reason for splitting of peaks (at 2θ=34.74° and 34.86°) observed for
GaN. The disappearance of peak splitting at higher ion fluence may be

Fig. 1. XRD spectra of InGaN/GaN pristine and Si+ irradiated epilyers at different
fluences.

I. Ahmad et al. Materials Science in Semiconductor Processing 64 (2017) 95–100

96



Download English Version:

https://daneshyari.com/en/article/5006080

Download Persian Version:

https://daneshyari.com/article/5006080

Daneshyari.com

https://daneshyari.com/en/article/5006080
https://daneshyari.com/article/5006080
https://daneshyari.com

