Sule Lamido University Journal of Science and Technology (SLUJST) Vol. 1 No. 1 [June, 2020], pp. 66-72
]

Simulation Analysis of Optical Properties of Indium Tin Oxide

Turado Surajo Abubakar', Inuwa Aliyu Faragai?, Y. A. Sumaila®, Sani Garba Durumin lya*and Abdullahi lliyasu
Khamis®

12 Department of Physics, Kano State University of Science and Technology Wudil, Kano State Nigeria.
*Department of Physics, Sule Lamido University, 048 Kafin Hausa, Jigawa State, Nigeria.
*Federal collage of Agriculture Produce Technology, Kano Niger
*Correspondent email address: turadsuraj@yahoo.com

Abstract

TCO (transparent conduction oxides) have been suitable materials for optoelectronics applications, Indium Tin
Oxide is an n-type transparent conducting oxide semi-conductor, which possess a combine property of
transparency to visible light and electrical conductivity, its features have been studied in this paper using
MATLAB computer programming. The features which consist optical and electrical properties were simulated
using MATLAB programming, the drive ITO models were used within the range and limit of other researchers,
whose have done the researches experimentally. The models were used to simulate optical transmittance, optical
absorptions, and reflectance of ITO, which all depends on films thicknesses.
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1. Introduction

ITO (Indium Tin Oxide) was first reported by G. Rupprecht in 1954. Among the class of TCO (Transparent
Conducting Oxide) film, ITO due to its technologically important, has been widely used which has combination
of properties such as high visible light range transmittance, low electrical resistivity, high infrared reflectance,
excellent substrate adherence, chemical inertness and hardness (Lam, 2014).

ITO having a low electrical resistivity and high free carrier density is considered to be a wide band gap
material. Indium tin oxide have been widely used as transparent conducting oxide in solar cells, touch screen,
light emitting diodes (LEDSs), sensors, liquid crystal displays and smart window (Taha et al., 2018). As a result of
its low electrical resistivity of about 2-4 X 10-4 Q cm, It is known to be an n-type semiconductor (Kim et al.,
1999). | was reported that, ITO materials has direct wide band gad energy between 3.5 - 4.3 eV (Chen et al.,
2013). The transparency to visible light (In203:Sn02) has been attribute to its band gap energy, while its
conductivity originates from its intrinsic oxygen vacancies and extrinsic Sn4 doping In3 atoms are replaced with
Sn to form cubic bixbyite structure of indium oxide. Lam, 2014 suggested that, each cation rest at the center of
the cube while the oxygen anions are positioned at the six corners (Lam, 2014)

It is also reported that heavy doping in ITO lead to large carried concentration, thus ITO materials are a
highly degenerated semiconductors (Meng, et.al, 2008). Another research revealed that, Increase in impurity
concentrations result in decrease in the distance between the impurities atoms, as the increment is sustained a
point is reached when this donor electrons will start to interact with each other (Mohamed et al., 2009).
Furthermore, to widen the band of the donor state, increase in donor concentration is required and subsequently
may even overlap the bottom states of the conduction band. Hence, The fermi level (EF) will now be shifted to
the conduction band (Benama et.al, 1999). As the donor concentration become comparable with the resulting
density of electronic state, overlapping take place. As EF moves to the higher energy level within the conduction
band, the minimum electronic state closer to the conduction band are completely occupied. Therefore, higher
energy is required to excite electrons from the valence band to those available electronic state in the conduction

66



o ;

%éé

\ww{ Sule Lamido University Journal of Science and Technology (SLUJST) Vol. 1 No. 1 [June, 2020], pp. 66-72
]

band (Kaushik et al., 2017). Hence, as the concentration increases, the effective band gap of the indium tin oxide
increases (Benamar et al., 1999).

1.1 Application in Optoelectronics

ITO has been used as a transparent contact in advanced optoelectronic devices such as solar cells, light emitting
and photo diodes, photo transistors and lasers - some for the first time as a result of this investigation (Afre,
Sharma, Sharon, & Sharon, 2018). Zinc Oxide (ZnO) and Fluorine Tin oxide (FTO), and Gallium-doped Tin
Oxide (GITO) are TCO thin film material that have been used for the above listed application of TCO (Akinkuade
et al., 2018 and Shirakata et al., 2003) .ITO is the most widely used due to its electrical conductivity and high
optical transmittance in the visible region of light spectrum (Isiyaku et al., 2019). Thus it is soon becoming an
integral part of modern electronic technology wherever there is a potential for improving optical sensitivity of
light detecting devices or quantum efficiency of light emitting devices (Schultz et al., 2017).

2. Materials and Methodologies

A model of ITO as a function of Optoelectronics was formulated to investigate the optical behavior of ITO on
reflectance dependence, optical absorption and transmittance.

2.1 Model Equations

ITO Optical Transmittance T depends on optical thickness topt which is written as
2
where m is either O or an even integer.
A is the wavelength.
n is the refractive index, which is 1.96.
Similarly, transmission coefficient is given by

T = exp(—at) (2)

Where a is the optical absorption
Hence, equation 2 can be rewriting as

yl
T =exp(—a(m+1)-) (3)
Thus, reflectance dependence coefficient is given by
R+T=1 (4)
Also
R=1- %expt (5)
t=(m+1) ﬁ
From
T =(1—-R)exp(—at) (6)
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The two importance parameters that simulate optimization electrical conductivity and optical transmission of
transmittance conducting films are thickness t and sheet resistanceRs.

From equation 2 and 7 Optical transmittance and wavelength dependent coefficient will be written as
4 s 1
&= Gz ln (F) ®

From the above equations, it is clear that optoelectronics properties depend on thickness of the films, reflectance
and transmission. MATLAB program was used to plot and simulate the above parameters. Result obtained was in
agreement with the experimental and theoretical work available in the literature.

Optical absorption coefficient from range of 0 to 0.020, and wavelength from range of 0 to 1300 nm are
selected after a careful consideration of the material feature from the work of (Cui et al., 2002 and Isiyaku et al.,
2017).

3. Results

As most of research are concentrated in enhancing Indium Tin Oxide (ITO) optical properties, in this work we
focus on improved method of determining the optical and electrical properties of ITO (Kerkache & Layadi,
2005). Wavelength dependent Transmission and Reflectance coefficients were obtained by equation (3 and 4)
above.Furthermore, the reflectance decreases with the increase of film thickness in the visible range of
wavelength 400nm to 700nm this is in agreement with the experimental work (Kamarudin et.al, 2014) (Salehi,
1998) the three curves represent ITO reflectance at three values of m, m could be 0 or even integers. The actual
film thickness of 2063, 3437, 4812 nm (corresponding to 3A/4, 5A/4 and 7A /4 optical thickness respectively) this
is in agreement with the experimental work (State & Road, 1981). The Fig 1 below present simulated results,
which Fig 2 is a work of (Kamarudin et al., 2014) for comparison.

In the fig below the reflectance as a function of wavelength is presented. Fig 1 is for simulated result,
while Fig 2 is a experimental result from for comparison.
It can be observed that the optical reflectance decreases with the increasing film thicknesses. Similarly, large ITO
films thickness brought about high scattering effects whereas the low thickness reduces the optical scattering
effect. This reflectance thickness phenomena was similarly highlighted in the experimental works of Kamarudin
et al. (2014) and Salehi (1998) respectively.
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Figure 1: Simulated ITO films reflectance with respect to films thickness of the film few layers of ITO films.
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Figure 2: experimental of Kamarudin et al. (2014). ITO films reflectance with respect to films thickness of the
film few layers of ITO films, for comparison with simulation result

TCO have high transmission abilities as well as low resistivity for use in solar cells. Fig. 3 presents the trend of
transmission of ITO film thickness. High transmission is obtained for very thin ITO thickness while larger films
thickness reveals low optical transmission as also indicated in the work of (Kim & Gilmore, 1999).

High transmission of about 91 % in the visible region was obtained for film with lowest thickness
whereas the film with largest film exhibits about 85 % in the same region revealing a low optical transmission.
For a good ITO films, high transmittance and good electrical conductivity properties are obtained (Isiyaku et al.,
2019). Furthermore, the trend of optical transmittance (Figure 3 and 4) for the simulated and experimental works
are in good agreement. The results also harmonized with the works of (Alsultany et al, 2014), (Parshina et al.,

2019) and (Kim & Gilmore, 1999).
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Figure 3: Simulated works of ITO films transmission with respect to thickness
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Figure 4: Experimental works of Guillén & Herrero ( 2007) ITO films transmission with respect to thickness
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Figure 5: Optical absorption

Wavelength dependent ITO films optical absorption coefficient was computer-generated using absorption model
(Egn. 7), ITO refractive index n, m value, wavelength range of 0 to 1300 nm, and transmission from 81 to 92 %
respectively. The experimental absorption graph of Thirumoorthi et al. (2016) was fitted with absorption model
for absorption parameters evaluation. Fig 5 shows the simulated absorption coefficient with respect to decreasing
optical transmittance. The result reveals a decrease in absorption coefficient as the ITO films transmission of
energy is increased. Light energy absorption becomes very low when a large part of the energy is transmitted.
Absorption of all the films from the graphs is in the range of 0.04-1.10% in the visible region. Furthermore, it can
be seen that absorption edges shifted toward lower (energy) wavelengths as the transmission increases which
imply a possible enlargement in ITO films band gap energy with increasing transmittance (Ghorannevis et al.,
2015) (L. J. Meng & Dos Santos, 1998).
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4. Conclusions

A model equation for the reflectance, optical absorption and transmission we investigated using simulation
method. High transmission of about 91 % in the visible region was obtained for film with lowest thickness
whereas the film with largest film exhibits about 85 % in the same region revealing a low optical transmission.
For a good ITO films. also optical reflectance decreases with the increasing film thicknesses. Similarly, large ITO
films thickness brought about high scattering effects whereas the low thickness reduces the optical scattering
effect.

The features of optoelectronics properties were simulated; reflectance transmittance of ITO shows ITO
layers were thicker films do produce better reflectance compared to the thin layers of ITO. A thin layer of ITO
thickness obtained a very high transmission, while low optical transmission, larger film thickness is observed.
Conclusively, it is clear that optoelectronics properties of ITO depend on thickness of the thin films. Result
obtained was in agreement with the experimental and theoretical work available by other researchers.
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