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ABSTRACT 
 
The study conducted in this research focuses on the deposition of In2O3 thin films onto quartz substrates using the pulsed laser deposition 
technique (PLD). The importance of this study lies in the exploration of the optical properties of these thin films under varying laser 
energies (1200 mJ, 1400mJ, 1600mJ, 1800 mJ, and 2000 mJ), and the subsequent determination of their energy band gaps. In the pursuit 
of enhancing our understanding of In2O3 thin films, this research exhibits a direct relationship between the laser energy and laser band 
gap. It was discovered that the energy band gap of thin In2O3 films increased due to the increase in laser energy. This phenomenon resulted 
in an overall blue shift from the fundamental energy gap of In2O3 thin films. The significance of this study extends to potential applications 
in various fields. In2O3 thin films with tunable energy band gaps can find applications in optoelectronics, photovoltaic and other emerging 
technologies. This research not only contributes to the fundamental understandings of thin film properties but also offers a pathway for 
tailoring their characteristics for specific applications, thus advancing the field of materials science and engineering. 
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1. INTRODUCTION 

 

Indium Oxide (In2O3) is a well-known n-type, yellow-
colored powder and a transparent semiconductor with a 
wide band gap of 3.75 eV, making it an attractive material 
for a range of optoelectronic applications such as solar cells, 
detectors, sensors, and light-emitting diodes due to its 
several advantages high electrical conductivity, high 
transparency, essential limitations, such as a modest 
maximum sensitivity, extremely high operating 
temperatures (200ᴼC - 600ᴼC), stable and durable material, 
high surface area-to-volume ratio and excellent 
biocompatibility [1-4]. 
 
In2O3 exhibits different crystalline structures, or phases, 
depending on its synthesis and processing conditions [5]. 
The most commonly observed phases are the Cubic 
(bixbyite) phase: which is the stable phase of In2O3 at high 
temperatures [6]. It belongs to the cubic crystal system with 
a space group of Ia-3, and it has a relatively high symmetry 
[7]. Monoclinic phase: At lower temperatures, In2O3 can 
undergo a phase transition and transform into a monoclinic 
structure [8]. The choice of synthesis method and 
processing conditions can be used to control the crystalline 
structure of In2O3 and tailor its properties for specific 
applications [9]. In2O3 can be easily synthesized using 
various methods, including sol-gel, hydrothermal, and co-
precipitation method [10, 11]. The material characteristics 
are heavily influenced by synthesis techniques 
corresponding to the process parameters of deposition [12, 

13] there are many techniques and procedures for 
producing a thin film [14, 15]: chemical spray pyrolysis 
(CSP), chemical vapor deposition (CVD), sputtering 
technique, sol-gel method, thermal pyrolysis deposition 
(TPD), thermal evaporation in vacuum deposition. (TEVD) 
and pulse laser deposition (PLD) [16-22]. Overall, PLD using 
Nd:YAG lasers and other laser sources offers an efficient and 
precise method for the preparation of indium oxide thin 
films with tunable properties, which can be utilized in 
various technological applications such as the transparent 
conductive films, solar cells, gas sensors, photodetectors, 
transparent electrodes, semiconductor devices, catalysis, 
optical coatings and the emerging technologies . In2O3 has 
been extensively used in biosensors for the detection of 
various biomolecules, including glucose, cholesterol, and 
DNA. In2O3-based biosensors have been reported to exhibit 
excellent sensitivity, selectivity, and stability, making them 
ideal for use in clinical and diagnostic applications [23-28]. 
In2O3 has gained significant attention in sensing 
applications, particularly in gas sensors and biosensors, due 
to its advantageous properties. Recent studies have 
highlighted the unique features of In2O3 and its potential for 
use in various sensing platforms. In gas sensing 
applications, In2O3 has demonstrated exceptional 
performance as a sensing material. Its high surface area and 
good conductivity make it highly sensitive to target gases. In 
addition, In2O3 exhibits excellent selectivity, stability, and 
response time, making it suitable for the detection of a wide 
range of gases. In2O3 have made significant contributions to 
the field by developing methods to tune the energy band 
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gaps of In2O3. The key contributions and developments in 
the area of doping techniques, alloying, nano structuring, 
strain engineering, surface functionalization, hybrid 
materials, thin film deposition techniques, computational 
modeling and optical engineering.  
 
The research on In2O3 thin films with tunable energy band 
gaps is a cornerstone in the development of materials for 
optoelectronics, photovoltaics, and emerging technologies. 
The ability to customize these films’ properties is a powerful 
tool for enhancing the efficiency and performance of a wide 
range of devices and technologies, contributing to energy 
savings, cost-effectiveness, and sustainability. 
 
 
2. EXPERIMENTAL WORK 
 
Figure 1 illustrates the whole experimental work.  
 

 
Figure 1. Experimental work diagram. 

 

2.1 Quartz Sample Preparation 
 
The quartz samples were divided into small parts with 
dimensions of approximately 1.5 cm × 1.5 cm and it was 
cleaned with a soft piece of cloth (the same that was used to 
clean the sunglasses). Each piece was installed individually 
via thermal tape on a bigger quartz substrate. The quartz 
material was picked out because of its high bearing 
temperatures without being broken or damaged; it also 
allows a wide range of wavelengths compared to the other 
materials. Figure 2. Showed the piece of quartz that was 
used. 
 
 

 
 

Figure 2. Quartz sample. 

 
2.2 Pulsed Laser Deposition (PLD)  
 
PLD is a powerful technique for depositing In2O3 thin films 
on quartz substrates. It offers excellent control over 
stoichiometry, high film quality, uniformity, and the ability 
to tailor film properties, making it well-suited for various 
optoelectronics and photovoltaic applications where the 
quality and performance of the thin films are crucial. The 
In2O3 target was bought readily from the nano laboratory at 
the University of Technology with a diameter of 2 cm and a 
thickness of 1 cm. Q-switched Nd:YAG pulsed laser was 
adjusted to different laser energies of 1200 mJ, 1400 mJ, 
1600 mJ, and 1800 mJ and 2000 mJ while the laser 
wavelength was 1064 nm and the substrate temperature 
was 300 °C. Figure 3 illustrates the setup for the PLD 
technique. The parameters and values that utilized in this 
technique were discussed in table 1.  

 
 

Figure 3. The pulsed laser deposition setup (PLD). 
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Table 1 The parameters used in the PLD technique 
 

Laser parameters Values 

Laser Wavelength 1064 nm 

Pulse Duration 7 ns 

Pulse Energy 1200 mJ 
1400 mJ  
1600 mJ  
1800 mJ  
2000 mJ 

Substrate Temperature 300°C 

Frequency 3 Hz 

Repetition Rate 300 pulses 

Spot Size 2 mm 

Focal length of lens 12 cm 

Power Supply 220 V 

Substrate quartz 

 
2.3 UV-Visible Spectroscopy  
 
This test was used on quartz samples at the University of 
Technology laboratory to investigate the optical absorption, 
transmission, and energy gap of the In2O3 deposited over 
quartz by PLD. UV-Visible spectrophotometer (Metertech 
SP8001, Taiwan) was used to investigate the transmittance 
(T%) spectra. A blank quartz slide was put in the first 
section as a reference, and the film was placed in the second 
section. The spectral range was chosen to be within 200-
1000 nm. The absorbance (Ab) was calculated from (T%) as 
follows [29-32]: 
 
Ab =log10*1/(T%*10-2)                                            (1) 
 
The energy band gap (Eg) was estimated from the Tauc plot 
(hν) versus (αhν)0.5, where (h) is the plank's constant 
(4.1356x10-15 evs). The UV-Vis beam frequency (ν) and the 
absorption coefficient (α) were calculated from [33-38] 
 
ν =C/λ                                                                          (2) 
 
α=(2.303Ab)/t                                                        (3) 
 
Where (C) is the speed of light (3x108 m/s) [39-41]. 
 
  
3. RESULT AND DISCUSSION  

 

Figure 4 (a,b,c) illustrated the transmission, absorption and 
the energy gap of the grown In2O3 thin film over the quartz 
substrate at different laser energies ranging from 1200 mJ - 
2000 mJ [42-44]. As the laser energy increase the 
transmission decrease while the absorption increased due 
to the increased of the deposition rate which leads to 
increase the thin film thickness, the highest transmission 
observed at 1200 mJ with the lowest absorption [45-47]. 
Table 2 shows the energy band gap values at each laser 
energy, as the particle size reduced at 1600 mJ the energy 
gap increased due to the quantum confinement, as the laser 
energy increased the higher energy band gap observed with 
a total blue shift [48-50].  

The relationship between laser energy and particle size, 
with the resulting quantum confinement effect, allows for 
the precise adjustment of the energy band gap in In2O3 thin 
films.  
 
This control is vital for tailoring the films’ characteristics to 
meet the unique demands of optoelectronics, photovoltaics, 
and other applications, where the band gap plays a crucial 
role in device performance. 
 
The relationship between laser energy and the optical 
properties of In2O3 thin films is complex and crucial for 
tailoring the film's characteristics for various applications. 
The variation in laser energy can impact the transmission, 
absorption and energy band gap of the thin films.  
 
The lower laser energies result in higher transmission, 
wider band gaps, and better transparency, while higher 
laser energies lead to increase the absorption, narrower 
band gaps, and reduced transparency due to thicker film 
deposition. 
 
The optical properties of In2O3 thin films, including their 
energy band gap, are highly relevant to a wide range of 
applications. The observed blue shift in the band gap due to 
tunable deposition conditions allows for the customization 
of the optical properties, which is valuable in 
optoelectronics, photovoltaics, and emerging technologies, 
where precise control over light-matter interactions is 
essential. 
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Figure 4. a) The Transmission b) absorption c) energy gap of 
In2O3/quartz at different laser energies with 1064 nm laser 

wavelength and 300°C substrate temperature. 
 

Table 2 The energy band gap values at different laser energies 
 

Laser Energy (mJ) Energy Band Gap (eV) 

1200 3.89 

1400 3.81 

1600 3.75 

1800 3.83 

2000 3.91 

 
Figure 5 present the FESEM image of the Nano In2O3 grown 
film at the optimum condition laser energy 1800 mJ. The 
Nano In2O3 granes covered the PSi layer. As shown in the 
table 3 increasing in the particle size with the laser energies 
increasing as a result of laser fluency effects. 
 

 
 

Figure 5. FESEM images of the Nano In2O3 grown thin film at 
1800 mJ laser energy with Magnified of 120,000.  

 

Figures 6 present the grown of Nano In2O3 films over PSi 
layer at the optimum condition laser energy 1800 mJ. The 
present fig shows high distribution and soft structure. The 
surface roughness play an important role in the gas sensor 
performance. A rougher surface provides greater surface 
area for gas molecules to adsorb on and can enhance the 
sensitivity of the gas sensor response. 
 

 
 

Figure 6. 3D AFM of the grown Nano In2O3/PSi deposited at 
1800 mJ laser energy. 

 
 
4. CONCLUSION 

 

UV–visible spectrophotometer investigated the optical 
properties, of In2O3 thin films at different laser energies 
(1200 mJ, 1400mJ, 1600mJ, 1800 mJ, and 2000 mJ) and 
measured the energy band gaps for the five samples (3.89, 
3.81, 3.75, 3.83, 3.91 eV) respectively. As the laser energy 
increased the higher energy band gap was observed with an 
overall blue shift from the fundamental energy gap of In2O3 

thin films. The optimum energy band gab was obtained at 
1600 mJ which is closer to the energy gap of In2O3 thin films. 
The key findings and contributions:  
 

• The study focused on In2O3 thin films deposited 
using PLD and their optical properties.  

• It demonstrated that variations in laser energy can 
control the particle size and consequently, the 
energy band gap of the thin films.  

• Specifically, higher laser energy led to smaller 
particle sizes and a blue shift in the band gap.  

• The ability to tailor the band gap is significant for 
applications in optoelectronics and photovoltaics, 
allowing for improved performance and efficiency.  

• The research highlighted the importance of 
quantum confinement in achieving tunable energy 
gaps in thin films.  
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Further research directions and the potential areas of 
investigation:  
 
1- Multifunctional thin films.  
2- Material integration.  
3- Stability and longevity.  
4- Nanoscale engineering.  
5- Incorporating dopants.  
6- Alternative deposition techniques.  
7- Environmental impact.  
 
It can also continue expanding our understanding and 
harness the full potential of these versatile materials. 
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