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Abstract

In this report thin films of Barium Titanate BaTiO3z (BTO) was coated on quartz substrate using
dip coating technique. X-ray diffraction analysis revealed the formation of BTO thin film with
a cubic structure with orientations along (200) plane. Average crystallite size of the film was
estimated to be 32.021 nm with dislocation density of value 8.04484 x 10* nm?2. SEM
micrograph images observed the dense thin film with the presence of crack and flakes on the
surface. EDX analysis observed the high purity of BTO thin film. UV spectroscopy depicted the
high transparency of the BTO film in UV region and estimated values of with energy band gap
and Urbach energy are 3.77 eV and 0.34456 eV respectively. All the analysis declared the BTO
thin films to be suitable for various electro-optic applications.
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1. Introduction

Barium Titanate (BTO) with structure like perovskite has been increasingly desired ceramics
because of its amazing ferroelectricity, large electro-optic coefficient and outstanding dielectric
features with diverse applications such as thermistors, multilayer capacitors and many other
electric applications [1]. BTO behaves as a dielectric material in spectrum range from the near
UV to the near IR with relatively high refractive index and low optical losses and to be a metal
oxide BTO fulfills many practical necessities such as stability, physical sturdiness and
optoelectronic features that are tunable. It has high transmittance in the visible region and have
great potential for various electro-optic applications. Extensive research has been done on BTO
in the form a single crystal or ceramic BTO, whereas its thin films also have applications in
diverse areas [2-5]. Thin films of BTO hold piezoelectric features along with dielectric and
optical characteristics. BTO thin film with perovskite structure, possess significant features to be
used in many solid-state devices such as sensors, multi-layer capacitors, thermistors, non-volatile
memory devices and actuators[6-11]

Various techniques for synthesis have been employed for the fabrication of BTO thin films for
example sputtering, hydrothermal method, chemical vapor deposition technique, electro-
chemical reduction method, molecular beam epitaxy and sol-gel techniques etc. [12-22]. The sol-
gel based deposition techniques have indubitably advantages like better homogeneity of the
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composition of crystal, easy to control stoichiometry, easy to use, efficient to coat substrates with

large and complex area and less processing expenses in comparison to the many other techniques
[23-33]. The sol gel techniques require precursors in liquid form for the deposition over the
surface of the substrates by spray method or dip coating or spin-coating followed by appropriate
thermal treatment to remove the traces of solvents. Other advantages of the sol-gel techniques
are non-vacuum requirement, easy processing at low temperature, better chemical homogeneity
and uniform coating of film on large substrates[34]. In addition to all above this technique
involves comparatively less equipment [35].

This paper reported fabrication of BTO thin film using solution based dip coating technique on
quartz surface. The main goal is to investigate the structural and optical characteristics of
fabricated BTO thin films.

Experimental Procedure

Materials

In this report we used barium acetate (AR Grade) and titanium IV isopropoxide (assay > 99 %)
as precursors and glacial acetic acid (AR Grade) as solventsfor the preparation of the solution.
Ethylene Glycol (AR Grade) was used as stabilizing agent.

Synthesis and Characterization
At the first step barium acetate as barium precursor was dissolved in glacial acetic acid to prepare

0.15 M solution and stirred at 70° C for 30 minutes . The titanium IV isopropoxide as precursor of
titanium was added to solution drop wise in equimolar ratio followed by addition of 0.5 ml of
ethylene glycol with constant stirring. The resulting clear solution was stirred and refluxed at 70°C
for 1hr. Then, this clear solution was hydrolyzed by adding 30 ml of deionized (DI) water and kept
stirring at magnetic stirrer for 4 hrs. Before deposition of film the surface of quartz substrate was
cleaned well with acetone, methanol and DI water. The precursor solution was coated on the clean
surface of quartz substrate by dip coating method at 10cm/min speed and then dried on hot plate at
70° C to remove the solvents. The dip coating and preheating were repeated several times in order
to get desired thickness of the precursor films. The final sample was annealed at temperature 650°
C. The whole process has been demonstrated by fig. 1.
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Fig. 1: Step by step process to fabricate the BTO thin film on quartz substrate
2. Results & Discussion
2.1.XRD Analysis
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Fig. 2. XRD pattern of BTO thin films fabricated on quartz substrate.
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The XRD pattern of BTO thin film deposited on quartz substrate is shown in fig. 2. The Bragg

reflections from the (111), (200), and (301) planes are accounted for by the diffraction peaks at
38.08°, 44.3% and 77.4° respectively. The absence of peaks from other phases indicates a high
degree of purity for the BTO thin films. The intensity of (200) peak was found to be maximum
and the lower 20 value of (002) peak position shows that film is suffered from strain. All of the
peaks can be indexed to cubic BTO (JCPDS 89-2475). This XRD patterns observed no splitting
of peak (200) at 26 =44.3% as shown by inset figure, which specify the cubic structure of the
fabricated BTO thin film. This may be caused by the presence of a small spontaneous lattice
strain. X. Yang et. al. and A.A. Thanki and his colleague also observed the XRD diffraction
peak without splitting [36, 37]. The Scherrer formula was used to determine the size of crystallite

‘D [38].

D=—2X_ (10)

w cos 6

Where k represents Scherrer constant (0.94), A is the wavelength of the x-rays used (Cu Ka
average = 1.54178 A), w is the FWHM of (200) diffraction peak and @ is the Bragg’s diffraction
angle. After calculation, the crystallite size of BTO thin film has been observed to be 32.021 nm.
Dislocation density ‘p’ which represents the amount of defect, was evaluated using relation given
below [39]

p=-L 2

The calculated value of dislocation density is 8.04484 x 10 nm™.
2.2.SEM Analysis
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Fig. 3: SEM micrograph of BTO thin film.

2307
Eur. Chem. Bull. 2023, 12(Special Issue 1), 2304-2313



Structural and Optical Properties of BaTiO3 Thin Film Deposited on Quartz Substrate by Sol Gel
Technique

Section: Research Paper
Figure 3, represents the SEM micrograph of BTO thin film fabricated on the quartz substate

using sol gel technique. SEM analysis observed the dense thin films with cracks on its surface.
Flat flakes with irregular shapes have also been observed on the surface of the film.

EDX Analysis

The composition of the BTO thin film produced by the sol gel deposition process on quartz
substrate was determined by energy dispersive X-ray analysis (EDX). BTO had no contaminants,
according to the results of the EDX investigation. The EDX spectrum of the BTO thin film is
shown in fig. 4. The EDX patterns made obvious that the Ba and Ti element’s high intensity
peaks were present. The comparison of Ba, Ti, and O composition percentages in the thin film is
shown in the inset table. The created BTO thin film is incredibly pure, as demonstrated by this
result.

Figure 4. EDX analysis of BTO thin film, inset table shows the percentage composition of Ba, Ti and O
2.3.UV-Vis Spectroscopy

Figure 5 shows the transmittance and absorption spectra of BTO thin film. It is clear from the
figure that transmittance increase in 400-700 nm range and film is highly transparent above 530
nm with transmittance >90%. The transmittance of the thin film falls sharply for the wavelength
< 465 nm, revealing inter-band transitions [40,41]. The inset diagram shows high absorbance in
short wavelength region (~215nm). The absorption edge was observed at 299 nm. The curves in
the transmittance graph show a well-defined interference fringe pattern, thus indicating the
smooth surface and relatively good homogeneity of the film, which is in agreement with
literature [42, 43]. Transmission is extremely high in longer wavelength region because the
higher wavelengths cannot support the necessary electronic transitions [44]
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Fig. 5. UV spectrum for BTO thin film.
The optical band gap energy (Eq) was estimated by the Tauc plot (shown by figure 6 (a)). The
band gap was obtained by extrapolating the linear portion of the curve (ahv)? to zero value of hv
and the observed value of Eg is 3.77 eV [45]. As the Urbach energy (E.) is interrelated to the
number of defects in the film [46]. Its value can be estimated by plotting a graph between In(a)
and hv and then finding out the slope as shown by fig. 6(b). One can find out the value E, by
taking reciprocal of the slope and in this report the value of Ey is estimated to be 0.34456 eV.
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Fig. 6.(a) Plots of (ahv)? vs. hv describing band gap for BTO thin film (b) Linear fit for the determination of Urbach

energy

Eur. Chem. Bull. 2023, 12(Special Issue 1), 2304-2313

2309



Structural and Optical Properties of BaTiO3 Thin Film Deposited on Quartz Substrate by Sol Gel
Technique

Section: Research Paper
3. Conclusion

High quality BTO thin film was deposited onto the quartz substrate using technique of sol gel .
X-ray diffraction patterns revealed the cubic structure of the BTO thin film. The calculated
values of crystallite size and dislocation density are 32.021 nm and 8.04484 x 10* nm?
respectively. SEM images displayed uniform dense thin film with presence of cracks and flakes
on the surface. EDX study confirmed the presence of barium, titanium and oxygen. High
transmittance was observed for the thin film in visible region. The optical band gap and Urbach
energy were estimated to value 3.7 eV and 0.34456 eV respectively. The wide and direct band
gap of BTO film is applicable for many optoelectronic devices.
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