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In this study, the effects of indium oxide (In2Os) mixing in the crystal lattice structure of vanadium
oxide(V20s) were investigated and fabricated by a facile and cost-effective method via the Pulsed Laser
Deposition (PLD) technique using the following constant parameters: energy (280 mJ/pulse), frequency (1
Hz), number of pulses (700 pulses), and the angle of incidence was 45° with 1064 nm laser wavelengths,
100°C temperature substrate and annealing temperature (400°C). X-ray diffraction (XRD) analysis revealed
the formation of a cubic phase for In20s3. Since the intensity of the phase and angle 26 match the Miller indices,
the thin film's structure will be more crystalline at a laser wavelength of 1064 nm. And an orthorhombic phase
for V20s. It was observed that the lattice parameters of the composite sample were decreased compared with
the pure In203, but the crystallite sizes of sample V205 80% were increased as a result of the substitution of
vanadium in the crystal lattice of In2O3. The morphological characteristics of the Field Emission Scanning
Electron Microscopy (FE-SEM) showed that all samples have spherical shapes, and their distribution sizes
are between 31.7nm for In20s, 208.3 nm for V20s, and 176.6nm for V20s 80% ratio and thickness
280.2nm,651nm,301nm respectively. It was found that the average sizes of nanoparticles decreased due to the
presence of an amount of indium oxide. To characterize the optical characteristics (UV-vis) spectra, a decrease
was found in the band gap(2.83ev) of the In203 20% -V20s 80% sample compared with energy gap(3.31ev)

of pure In20s.

1 INTRODUCTION

The efficiency and adaptability of transition metal
oxides in sensors, memory, solar cells, security,
surveillance, and healthcare are drawing interest in
the production of electronic devices. This is mostly
because of their exceptional optical and electrical
characteristics, as well as their capacity to go through
reversible phase transitions between semiconductor
and metallic states, among the oxides of vanadium.
Vanadium pentoxide (V;0s) stands out as a
particularly attractive option due to its exceptional
chemical and electronic properties that distinguish it
from its competitors. Numerous reports have
highlighted its use in the development of field-effect
transistors, demonstrating the range of applications in
which its potential is being realized. Electronic
technologies that adopt V,0s may see revolutionary
improvements in functionality and performance [1].
In optoelectronic applications like photodetectors,
V,0s is a perfect choice due to its direct band gap of
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2.61eV [2].Recent studies have reported synthesizing
various V,0s structures, including nanowires,
nanotubes, and nano spheres, for wuse in
photodetectors made with various methods [3], [4].
Despite reports of V,0s one-dimensional (1D)
structures, the material's small surface area restricts
charge transport and makes it difficult to define
contacts on 1D structures. A highly exposed area is a
natural advantage of two-dimensional(2D) structures,
and making electrical connections on 2D structures is
not too difficult because of its propensity to be present
in various oxidation states, it is hard to define contacts
on V,0s one-dimensional (1D) structures because of
the material's small surface area, which restricts
charge transport. Two-dimensional (2D) structures
naturally have a significantly exposed surface, and
creating electrical connections on 2D structures is not
too difficult due to their tendency to be present in
different oxidation states. Deposition and growth of
the vanadium oxide phases are not easy. VO, or V,0s
growth requires management of the synthesis
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parameters. There are numerous methods for
producing metal oxides, including sol-gel,
hydrothermal, electrospinning, and sputtering [5],
[6]. Other methods of deposition include physical
vapor deposition, which is inefficient in terms of both
time and energy. The benefit of hydrothermal
synthesis over these techniques is that, by adjusting
variables like temperature and time, the morphology
and oxidation states can be controlled. Because
flexible resistive memories have so many potentials
uses in the fields of neuromorphic computing, analog
electronics, and artificial intelligence, they have
become very popular A wide bandgap semiconductor
with dielectric qualities is 2D V,0s. Thereby making
it suitable for resistive memory applications. The
integration of a 2D V,0s layered structure [7].

Furthermore, doping In,O3 with V,0s causes a red
transfer in the energy gap, which raises the
transmittance of infrared light. Transparent
conductors were the ideal application for IVO films
made with different concentrations [8], reaching a
coefficient of 4.35 x 10 ohm™!. They ascribed this
improvement to the shift in the band caused by the
approach between the conduction band's minimum
and the Fermi level [9], that the doping of indium
oxide (InO;:V) thin film with V at a concentration of
50 nm improved the transmittance to approximately
86 percent in the near infrared range. while ZnO film
doped with vanadium at greater concentrations
reduced light transmission [9], [10]. However, ITO
films don't absorb well in the near-infrared spectrum.
Our objective in this study was to combine In,O3 and
V,0s to increase the transmittance of near-infrared
light, which would increase the efficiency of the
photodetector.

2 MANUSCRIPT PREPARATION

2.1 Materials and Methodology

A sample of (In,O3) with a purity of 99.99% from
CDH, and a sample of (V,0s) with a purity of 99.5%
from CDH in England.The powders were mixed in
specific weight ratios using mechanical (manual)
mixing according to the Table 1 below.

After preparing the target which is made of pure
materials (In,O3;) and (V20s), the thin films
deposition process is initiated by PLD. Thin-film
deposition required a 45-minute cleaning of the glass,
using an ultrasonic bath with distilled water (15
minutes), ethanol (15 minutes), and distilled water
again (15 minutes). The synthesized technique is used
a pulsed Nd: YAG laser with the following
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specifications wavelength A = 1064 nm, energy 280
mJ/pulse, frequency 1 Hz, and pressure 1 mbar. The
target was 4 cm from the substrate, the substrate
temperature was 100 °C, the number of pulses was
700pulse, and the angle of incidence was 45°. To
improve crystallization and reduce crystal defects,
thereby enhancing the electrical and optical
properties of the films, the prepared films were
annealed at 400 °C for three hours.

Table 1: The weight ratios for preparing the samples.

Weight of . Diameter S

Samples ratio Pressing of mold Sintering

In203 15g

V205 l5g

203 400¢°

20% | 0424 | 100Par | 12mm e g

V205 1.113 g

80%
3 RESULTS AND DISCUSSION
3.1 X-ray Diffraction of the In203,

V205 and In203 - V20S Thin
Films Deposited by PLD

The X-ray diffraction results of nanostructured
indium oxide thin films deposited on a glass substrate
are shown in Figure 1. The diffraction pattern of pure
indium oxide exhibits the highest intensity peaks at
26 angles of 30.62°, 35.49°, 51.05°, 21.53°, and
60.69°. These peaks correspond to the (222), (400),
(440), (211), and (622) crystallographic planes,
respectively. The presence of these reflections
confirms that the films possess a polycrystalline cubic
structure consistent with the ICDD reference card
(JCPDS 01-071-2194).

The crystallite size was determined using the
standard Scherrer approach [11], which relates the
size to the wavelength of X-rays, the peak
broadening, and the diffraction angle. The analysis
yielded an average crystallite size of 43.58 nm, while
the lattice constant was found to be
approximately 9.6 A.

Under the applied deposition and annealing
conditions, the typical crystallite size for pulsed laser
deposited indium oxide thin films ranges from 41.25
to 53.13 nm, which is in good agreement with the
obtained results.
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Figure 1: The XRD patterns of the In203 thin films
deposited by PLD.

Figure 2 shows of X-ray diffraction (XRD)
patterns of V,Os films deposited using (PLD) at a
pressure of 2 x 1072 mbar, these patterns reveal a
polycrystalline structure in the films deposited at
temperatures as low as 100 °C. Notably, the
predominant peak observed corresponds to the (010)
orientation of the orthorhombic V,Os phase. The
polycrystalline nature of V,0Os this deposition
temperature demonstrates one of PLD's primary
benefits over alternative physical vapor deposition
techniques., such as electron-beam evaporation and
sputtering, which typically require deposition
temperatures in the range of 300-500 °C. Which is
agreement with reference [12]. A reported amorphous
structure was observed at temperatures below 300 °C
using the vacuum evaporation technique. The lower
crystallization temperature seen in the case of Pulsed
Laser Deposition (PLD) can be attributed to the high
kinetic energy (>1 eV) of the ejected species from the
laser-produced plasma. When these condensed
particles are deposited, they carry high energies. As a
result, the mobility of ad-atoms allows for the
formation of highly oriented nano-crystalline films,
even at low temperatures [12]. From XRD
measurements, we conclude that each film has a
nanocrystalline structure. The peaks are lying at
approximately 20=20.2°, 26.15°, and 12.6°
indicating the orthorhombic V,Os phase (JCPDS card
no. 00-041-1426, space group: Pmnm (59),a=11.51
A,b=4369 A, c=3.563 A). They are appropriate to
the (010), (101), and (100) reflections,
respectively [13]. The B phase is created by annealing
thin films at temperatures between 370 to 600°C. It is
distinguished by a layered structure with weak
interlayer bonding [14]. As can be seen at angles
31.05° and 20.2°attributed to (ICSD card 00-041-
1426), the thin film exhibits an initial transformation
to the B-v,0s phase after annealing at 400°C for 3h.
This is caused by the rearrangement of oxygen atoms
and the transition of v-o-v bonds [12], [15]. The
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calculated sizes of the partical are presented in
Table 2. It is important to note that these size values
represent the average crystallite size at the location
where the X-ray beam passed through [16].

V;0s

(001)
(110)

Intensity(a.u)

3‘0 35 ﬂ‘l) 45 5‘0 55 60
2theta(deg)

Figure 2: XRD diffraction patterns of V20s thin films.

Figure 3 shows the comparative X-ray diffraction
patterns of the In,O3 20% and V,0s 80% samples.
The diffraction pattern of InVO indicates the presence
of both V,0s and In,O3 phases, with their diffraction
peaks corresponding to the reference PDF patterns
JCPDS no. 00-041-1426 and 01-071-2194,
respectively. A prominent peak is observed at 20 =
12.59°, related to the V205 (010) plane, indicating
substantial growth along this plane. Additionally, the
pattern reveals a notable increase in the diffraction
intensity of V,0s within InVO, indicating enhanced
crystallinity. The rise in InVO crystallinity
underscores In,O; vital role in coating the V,0Os
surface; this reduces grain size, which is beneficial for
optical characteristics.[17].

(010) In,0, 20%-V,0, 80%

Intensity(a.u)

10 20 30
2theta(deg)

50 60

Figure:3 XRD diffraction patterns of In2O3 20%- V205
80%ithin films.

Lastly, extremely crystalline composite V,0s-
In,O3 nanocrystals with a structure were created, as
evidenced by the high intensity of cubic-phase peaks
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and the absence of secondary-phase peaks. The
absence of vanadium oxide phases implies that most
of the V ions were incorporated into the In,Os host
lattice. The lack of a featured peak shift upon ratio
V105 80% is due to the similar ionic radii of V3* ions
(0.78 A) and In*" ions (0.80 A) [18].

3.2 Structural Characterization, Field
Emission Scanning Electron
Microscopy (FE-SEM)

Figure 4a, b and c displays the indium oxide films’
morphology was studied by FE-SEM at 500nm, 1pm
and annealing of 400°c for 3h. Images of In,O; films
deposited at 1064nm laser wavelengths, 280
mJ,1Hz,100°c temperature of substrate, 700 pulses,
and pressure 102 mbar, the average diameters of the
In,O5 particles were 31.77 nm. The film reveals that
it covered the glass substrate surface with uniform
particles with an average diameter of 31.77 nm. and
uniform  surface  morphology  with  dense
homogeneous grain distribution as shown in three-
dimensional by ImageJ program Figure 4c, The
growing process and the combination of tiny grains
caused droplets and particles with submicron sizes to
be spotted across the film surface [19]-[21].

Figure 5 provides a clear example of the grain
growth of the V,0s films through its FE-SEM image.
Figure 5 (a-200nm and b-1pm) images demonstrate
that the V,0s films have a microstructure with nearly
spherical and nanosized grains that are evenly
dispersed across the surface of the glass substrate as
shown in Figure 5S¢, the density of particles appearing
on the surface of the vanadium oxide film has a
regular distribution at a temperature of 400°C for 3h.
The average grain size is approximately 208.3
nm [22].

An important finding in this study is the notable
transformation in surface morphology of the V,Os
films with increasing percentage of vanadium oxide
compared to indium oxide, as illustrated in Figure 6a,
b and c. These morphological changes are dominant
at the ratio In,O3 20% -V,0s 80% and temperatures
400 °C for 3h. The significant affecting grain size,
shape, and their overall distribution highlighting the
critical nature of these conditions for optimizing film
performance, with uniform particles and an average
diameter of 176.61Inm Which proves that the film has
a high surface area due to the symmetrical
distribution density of particles on the surface this
effect is due to the ratio of indium oxide in the film as
shown in the Figure 6¢, [23], [24].

Figure 4: Micrographs of the surface of oxide materials obtained by FE-SEM thin film for In2O3 a) 500nm, b) 1pm, ¢) dense

distribution.

E2000m TN

W= 88mm

Mag= 1500KX

Date 23 Apr 2025
Time 311212

Figure 5: FE-SEM images of V20s thin film a) 200nm, b) 1um, c) dense distribution surface.

400
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Figure 6: FE-SEM images of In203 20%- V205 80% thin film a-200nm b-1pm c-dense distribution.
Table 2: Parameters of structural properties.
Sample 20 (degree) | Davg (nm) | dni (A) FWHM (degree) hkl Reference pattern
30.58 43.58 2.917 0.189 (222)
35.46 53.13 2.527 0.157 (400)
20 51.02 48.64 1.787 0.181 (440) ICSD 01-071-2194
21.49 41.25 3.959 0.196 (211)
20.26 14.91 4.37 0.541 (001) ICSD 00-041-1426
V205 12.67 14.77 6.98 0.541 (010) ICDD 00-054-0538
26.127 16.57 3.40 0.492 (110)
31 16.75 2.88 0.492 (301) ICSD 00-041-1426
29.73 27.84 3 0.29 (222)
35.38 21.18 2.53 0.39 (400) ICSD01-071-2194
In20320%- 12.59 23.209 7.02 0.34 (010) ICDD 00-054-0538
V205 80% 20.84 27.36 4.24 0.29 (001)
26.39 27.64 3.37 0.29 (110) ICSD 00-041-1426
31.05 20.94 2.87 0.39 (301)

3.3 Optical Properties Results

Figure 7: optical transmission spectra of the thin films
were recorded using a Shimadzu UV-160/UV-Visible
spectrophotometer, where the films were analyzed
through experimental measurements of transmittance
from 350 to 1000nm the transparency of thin films for
deposited by PLD shows a sharp decrease in the UV
region. The transmission percentage of In,O; films
also varies with increasing wavelength. All samples
demonstrate optical transparency in the spectral range
of 500 to 900 nm. However, the transmittance reduces
in the band gap region. The thin film transmittance is
high at wavelengths in the visible and near-infrared
regions. as the transmittance decreases when
approaches the infrared (infrared) wavelengths. This
is due to the indium oxide thin film is reflective at
wavelengths in this region, which makes it an anti-
reflective material. From Beer-Lambert law, which
determines the optical absorption coefficient (o) from
the transmittance[11], [25].

a=2.303 Ay/t, (1
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where A, represents absorption and (t) is the
thickness of the thin film In,03,V,0s, In,03-V,0s5
280.2nm, 651lnm, 30lnm via cross sction
respectively. The optical energy gap values of the
In,O; films were determined from transmission
measurements by plotting (ahv)? against (hv), as
showen in Figure 8 According to the absorption
spectra of the In,O;s films, there is a linear relationship
beyond the absorption edge leading to a direct
transition inference of the linear part to the
x-axis provides the values for the optical band
gap(3.31ev) [24].

The samples made using the PLD method at a
deposition temperature of 100 °C are the source of the
optical transmittance spectra shown in Figures 9 and
10. High optical transmittance is evident in the
spectra, making it appropriate for the creation of
photodetectors and solar cells. The samples that were
not annealed after deposition showed high
transmittance in the 400—700 nm range [26].

The peak at 428 nm, which shows that the films
are non-homogeneous in optical transmittance
behavior, is interesting to observe. According to other
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research on vanadium oxide films smaller than 400 * 208
nm, we can therefore conclude that the films exist in a0 -
multiphase forms. The spectrum shows a significant
. . . L 704
increase in transmittance within the 300 to 1000 nm 3
wavelength range For the two samples shown in the S
Figure 9 and Figure 10, [16], [27]. B
Figures 11 and 12 show a clear, sharp rising edge, a
confirming the upward bending feature caused by 40
charge accumulation at the interface. The optical o
energy gap of the films was 2.61 and 2.83 (eV) for the T r T
V1,05 and In,03 20%-V,0s 80%, respectively. The wavelsnght(nm)
optical energy gap increased significantly compared . ) .
with V,0580%. This is due to the shift of the local Figure 9: Transmittance of V205 on the glass substrates.
levels away from the conduction band resulting from o
the presence of 20% indium oxide [28], [29]. In,0, 20% - V,0; 80%
70
60
In,0; R
60 g 50
2
2 40 4
= £
8 30
E 50 o
= 20
:
E 10 T T T
= 400 600 800 1000
40 = Wavelength{nm)
Figure 10: Transmittance of In203 20%- V205 80% the
glass substrates.
4(;0 GII)IJ 860 1000
wavelength(nm) 7%10°
Figure 7: transmittance characteristics on the glass 6%10° V20,
substrates. NE x10°
T2 ax10?
In,0, =
2.5%10'" - Né 3x10°
. 2 2x10°
o 1x10°
3 g(direct)=2.61 eV
£ 1.5x10" 0
I3 1.5 2.0 2.5 3.0 3.5
E Eg (ev)
= Eg(direct)=3.31 ev Figure 11: Energy gap for V20s on the glass substrates.
oo 4%10™ In,0; 20%-V,0, 80%
’ 1.5 270 2..5 3.0 3.5 4.0 o
Eg(ev) z
‘TE 3x10"°
Figure 8: Energy gap for In203 On the glass substrates. £
S 2x10"°

1x10" Eg(direct)=2.83 ev

1.0 1.5 2.0 2.5 3.0
Eglev)

Figure 12: Energy gap for In2O3 20%-V20s 80%
on the glass substrates.
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4 CONCLUSIONS

In this study, indium trioxide (In20s) and vanadium
pentoxide (V20s) thin films were successfully
synthesized by pulsed laser deposition using a 1064
nm Nd: YAG laser. The structural, morphological,
and optical investigations provided the following key
finding.

X-ray diffraction analysis confirmed the
formation of polycrystalline In.Os with a cubic
bixbyite structure and orthorhombic V.0s with well-
defined crystallinity. The mixing ratio influenced the
crystallite size. Moreover, the incorporation of V2Os
into the In:Os matrix resulted in noticeable
modifications to the structural properties, including
slight peak broadening and shifts in diffraction
angles, which indicate lattice distortion and the
possible formation of interfacial strain. These effects
suggest enhanced structural disorder at higher V.Os
content, while maintaining overall phase stability of
the mixed system.

Field emission scanning electron microscopy
(FESEM) revealed uniform, dense, and crack-free
films with nanostructured surface morphology. The
particle size distribution suggested that PLD-assisted
growth promotes compact films suitable for
optoelectronic applications.

UV-Vis absorption spectra demonstrated strong
absorption edges in the visible region. The estimated
optical band gaps were ~3.31-3.5 eV for In.O; and
~2.61-2.68 eV for V:0s, consistent with reported
values. These band gaps confirm the semiconducting
nature of the films and their potential in transparent
conducting  electrodes, gas  sensors, and
photocatalytic devices.

The study highlights the efficiency of 1064 nm
pulsed laser deposition in producing high-quality
oxide thin films with controlled microstructure and
desirable optical properties. Both In2Os and V20s
films synthesized under optimized conditions
demonstrate promising potential for integration into
optoelectronic and energy-related applications.
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