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Abstract: Barium titanate, Calcium titanate and Strontium titanate nano structured thin films have been successfully grown on glass 
substrate by Chemical Bath Deposition (CBD) technique. These films were characterized by scanning electron microscopy with 
energy dispersive analysis, X-ray diffraction and UV analysis. From the UV study the band gap of Barium titanate, Calcium titanate 
and Strontium titanate were 1.8eV, 2.17eV and 1.9eV. 
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1. INTRODUCTION 

    Thin films may be amorphous/nanocrystalline, polycrystalline and preferentially oriented or, very rarely, single crystal 

structures. Different structures have different properties. For example, in capacitor applications the crystalline structures generally 

have higher dielectric constants than the amorphous structures. This might be due to the increase in tetragonality of the BaTiO3. 

Preferentially oriented or textured thin films may be better suited for some applications compared to other structures. Since as-

dried films are amorphous or very weakly crystalline, nucleation and growth processes determines the type of film structure that 

can be expected. Nucleation in the bulk of the film as well as the film-substrate interface usually leads to polycrystalline thin films. 

The remaining organics or precursors influence the nucleation of new crystals and the final structure of the films. For these films, 

the growth depends greatly upon nucleation at the film-substrate interface. The grains which grow from the interface gradually 

consume the small, randomly oriented grains in the film bulk. 

Alkaline earth titanates MTiO3 (M = Ba, Ca and Sr ) with a cubic perovskite structure have been investigated intensively due 

to their unique dielectric, piezoelectric, and ferroelectric properties, which are of great interest in the technological applications 

such as capacitors, transducers, actuators, and nonvolatile random-access memory devices [1] . Moreover, SrTiO3 is an important 

n-type semiconductor with band gap of about 3.2 eV [2]. The stability, wavelength response, and current-voltage of SrTiO3 make it 

a promising candidate for efficient photocatalysts [3] and photoelectrodes [4-5] for splitting water into hydrogen and oxygen. 

Numerous studies have been focused on modifying SrTiO3 with transition metal ions [6] and nitrogen [7] for the visible light 

response, instead of generating the photocatalytic activity under ultraviolet light. Spatial charge separation of photochemical-

induced oxidized and reduced products can occur on the surface of ferroelectric BaTiO3, which may decrease the probability of 

recombination of the photogenerated charge carriers [8]. Due to the lack of interest in practical application, CaTiO3 has not been 

widely developed. It usually acts as a compositional substitute in other perovskite oxides for controlling the ferroeletctricity [9]. 

Stimulated by fundamental scientific study and technological application, MTiO3, have been synthesized through a variety of 

methods, including conventional solid-state reaction, hydrothermal synthesis [10], sol-gel method [11], inverse micelle 

microemulsion method [12] and molten salt synthesis [13]. Here, using Chemical Bath Deposition technique the MTiO3 thin films 

were synthesized and characterized by various analyses. 
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The MTiO3 thin films were deposited at room temperature by chemical bath deposition method using glass substrates. 

Substrates were cleaned with nitric acid and washed with distilled water and acetone respectively. These substrates etched with 

hydrofluoric acid then cleaned with acetone, distilled water respectively and dried in air. The MTiO3 (M = Ba,Ca and Sr) thin film 

was deposited from the solution containing 0.2M of MCl2 (M = Ba,Ca and Sr) , 10ml of TiCl3, 1ml of triethanolamine (TEA) which 

is the complexing agent and finally 0.1M of NaOH. Solutions for the deposition bath were made in 100 ml beakers and 76mm x 

26mm x 1mm commercial-quality glass slides were used as the substrate. After transferring the solution to a beaker, the substrates 

were suspended vertically in the solutions. The solution bath was maintained at room temperature and the pH of the solution was 

approximately 11 to 12. The optimum growth period is 24 hours. After the growth time the substrates were removed and washed 

with distilled water and dried in air. The films were annealed at 350˚C for 2 hours. The crystallographic properties of the films 

were investigated by X-ray diffractometer. The morphologies of the films were studied using scanning electron microscope 

equipment. UV-VIS absorption and transmittance spectra were recorded with Ocean Optics HR4000 high resolution spectrometer. 

From the absorption data we plot the band gap graphs for BaTio3, CaTiO3 and SrTiO3. The photoluminescence properties were 

also analyzed. 

3. RESULTS AND DISCUSSION 
  
3.1 Structural Analysis 

The structures of the BaTiO3, CaTiO3 and SrTiO3 were studied using X-ray diffraction (XRD) technique. The diffraction 

patterns were measured at 2θ scanning ranging from 0º to 80º diffraction angle. The patterns do not reveal any well-defined peaks. 

The recorded XRD patterns of chemical bath deposited BaTiO3, CaTiO3 and SrTiO3 are shown in the figure 1 (a - c). From the 

diffraction patterns it is observed that the thin film is amorphous in nature. Also the initialization of the crystalline nature was 

observed in the pattern. This amorphous nature may be due to the insufficient annealing temperature.  
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Figure: 1 (a – c) XRD spectra for BaTiO3, CaTiO3 and SrTiO3 thin films 
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3.2 SEM Analysis 
 Scanning electron microscope is a promising technique for the topography study of thin film samples, as it provides 

valuable information regarding the size and shape of the particles or grains and also gives the information about the growth 

mechanism. Figure 2 shows scanning electron micrograph and EDAX image of as deposited BaTiO3 thin films. It can be seen that 

the fine grains with different sizes distributed the whole surface of the film. The EDAX peaks conforms the presence of barium, 

titanium and oxygen in the thin films. The maximum peak in the EDAX is due to the glass substrate used in the analysis. 

  The SEM image and EDAX spectra of CaTiO3 thin film deposited on glass substrate is shown in figure 3. This seemed to 

compose of domains formed by a large number of closely packed clusters covered on the substrate surface appears to be uniform. 

The EDAX patterns conforms the calcium, titanium and oxygen elements present in the coated substrates.  

           Figure 4 represents the SEM studied and EDAX of SrTiO3 thin film. The SEM study shows the formation of 

uniformly distributed nanocrystalline grains over the entire surface of the substrate. The EDAX spectrum shows the strontium, 

titanium and oxygen elements were presence in the nanocrystalline thin film. 

 

 

              

Figure: 2  SEM image and EDAX Spectrum of BaTiO3 thin film 
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Figure: 3  SEM image and EDAX Spectrum of CaTiO3 thin film 

   

Figure: 4  SEM 

image and 

EDAX Spectrum 

of SrTiO3 thin film 

3.3 Optical Analysis 
                     The figures 5 (a - b), 6 

(a - b) and 7 (a - b) shows 

the absorption and transmission spectrum of the barium titanate, calcium titanate and strontium titanate nanocrystalline films. 

The optical absorption spectrum of these three titanates thin films on glass substrates were studied at room temperature in the 

wavelength range of 250 nm–800 nm. The absorption spectrum shows absorbance in the UV region and from the transmittance 

spectrum, the transmission of the film is 45% in the UV region. The optical absorption data of barium titanate, calcium titanate and 

strontium titanate were analyzed using the classical relation for near edge optical absorption of semiconductors [14 - 15] 

     αhν = A (hν – Eg)n 

where ‘hν’ is the photon energy, ‘Eg’ is the band gap and ‘A’ is the constant. The ‘n’ is the equation has values 1/2, 2, 3/2 and 

3 for allowed direct, allowed indirect, forbidden direct and forbidden indirect transitions [16 - 18] respectively. 

             The usual method for the determination of the values of (αhν)2 versus hν which was used to estimate the optical band 

gap of barium titanate, calcium titanate and strontium titanate thin films. The estimated band gap values are 1.8 eV for BaTiO3, 

2.17 eV for CaTiO3 and 1.9 eV for SrTiO3, shows in the figure 8 (a - c). 
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Figure: 5 (a) Absorption and (b) Transmittance Spectra for Barium Titanate thin film 

 

 

Figure: 6 (a) Absorption and (b) Transmittance Spectra for Calcium Titanate thin film 

 

 

Figure: 7 (a) Absorption and (b)Transmittance spectra for Strontium Titanate thin film 
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4. CONCLUSIONS 
Barium, Calcium and Strontium titanate thin films were successfully prepared by chemical bath deposition technique. The 

prepared BaTiO3, CaTiO3 and SrTiO3 thin films were thoroughly studied by various characterization techniques aimed at 

understanding the samples structural and optical properties. In the XRD pattern of samples, there is no signature of impurity 
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Figure: 8 Band gap for (a) BaTiO3, (b) CaTiO3 and (c) SrTiO3 thin film 
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peaks. The EDAX confirmed the elements present in appropriate proportion. . From the UV study the band gap of Barium 

titanate, Calcium titanate and Strontium titanate were 1.8eV, 2.17eV and 1.9eV. 
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