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Abstract: Cu- doped TiO2 thin films were synthesised by spray pyrolysis method onto glass substrates at a
substrate temperature of about 3500 ¢ and annealed at 5000 c¢ for 1 hour. The annealed films were
characterised by x-ray diffraction, scanning electron microscope and also subjected to photoluminescence
studies in order to characterize the structural property, surface morphology and to determine trapping of
charge carriers in semiconductors. The diffraction peaks from XRD were index to anatase phase for both
undoped and doped TiO2 thin films. The results showed that at doping the intensity of (101) plane decreased
which may be due to mobility of titanium and oxygen atoms which leds to reduction in the nucleation of
crystallisation phase of anatase TiO2. The SEM structure revealed a uniform and evenly distributed grains
across the substrate surface. Photoluminescence studies revealed a low PL intensity for doped films and is
attributed to the reduction of oxygen vacancies.
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I.  Introduction

Thin film research has been widely expanded due to the increasing demands for microelectronics and
microstructural components in different branches of science and technology. Transparent and conductive oxides
are extensively used for variety of applications. Among many oxides, Titanium dioxide has unique
characteristics and TiO2 thin films are regarded as promising functional materials for the potential applications
such as gas sensors, microelectronics, photocatalytic, photovoltaic devices and ultraviolet blockers (1-3).
Titanium dioxide (TiO2) possess a number of attractive properties such as its wide bandgap (3.2eV) for anatase,
non toxicity, transparency in the visible light, high refractivity and dielectric constant. It is an n-type
semiconductor material with high chemical stability and good performance in its response rate. Titanium
dioxide is considered to be one of the most important photo catalytic material and currently there exist a better
understanding and improvement of catalytic reactions which is a main driving force for surface investigations of
TiO2. From various metals employed for improving the properties of TiO2, the doping of TiO2 with definite
metal ions is found to be simple, inexpensive and effective way of preparing TiO2 with consistent properties
respectively. Among the elements doped so far Cu has been considered to be important owing to narrow band
gap energies of its oxides (5). The Cu doping has been found to replace certain Ti4+ ions in substitutional sites
of TiO2 and to cause the incorporation of Cu on the surface and into the surface and into the interstitial sites of
TiO2. There are several TiO2 thin film deposition techniques including metal organic chemical vapour
deposition(6), sol-gel(7),pulsed laser deposition (8),ion beam enhanced deposition(9) and electrophoreic
deposition (10).In our report Cu doped TiO2 thin films were prepared by a homogenous method of spray
pyrolysis technique and calcined at different temperatures. The films were then characterized by various
techniques and the results of X-ray diffraction,SEM analysis and photoluminescence has been discussed. The
simple spray pyrolysis technique chosen here has its own inherent advantages overall conventional processes.
By this method we can produce particles of various morphologies. Depending on application proper selection of
precursors, additives and heat sources is needed to prepare thin films.

1. Materials and Methods

2.1 Material Synthesis

The reference TiO2 and Cu doped TiO2 thin films were prepared by spray pyrolysis deposition method
on glass substrates. The precursor solution consist of titanium (iv) butaoxide, cupric chloride (only in cu doped
TiO2), hydrochloric acid and deionized water. In order to achieve a good adhesion of the coating material onto
the substrate special attention was paid to the preparation of substrates. A standard procedure was adopted for
the cleaning of the substrate prior to the spray process. The directly derived films were amorphous, thus they
were annealed at 5000 C for 1hour to remove the organic solvents and to achieve crystallization.

2.2 Material Characterization:
The crystal structure was analysed by XRD and the XRD patterns were collected in 20 range from 200
to 800 .using Cu Ka radition performed by X-ray diffractometer. The surface morphology study was performed
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using scanning electron microscope. The composition of the films were determined by energy dispersive X-ray
spectroscopy.Photoluminescence studies were also carried out.

I11. Results and Discussion

3.1 Structure and Analysis

X-ray diffraction pattern of undoped and Cu doped titanium dioxide thin films are shown in fig 3.1.The
films are polycrystalline and fit well with tetragonal crystal structure. The diffraction peaks from the XRD
pattern is in agreement with the JCPDS card no 21-1272. Fig 3.2 represents the copper doped titanium dioxide
thin films.The diffraction peaks were indexed to anatase planes and Cu relative peaks were not observed
implying that Cu was doped into TiO2 lattice. At doping of Cu the intensity of (101) plane decreases which may
be due to decrease in the mobility of titanium and oxygen atoms which led to the reduction in the nucleation of
crystallization phase of anatase TiO2. The crystallite size (d) of the sample was calculated from full width at
half maximum (FWHM) of the (101) peak of anatase TiO2 by Debye Scherrer equation.

d=k\Bcosb

where d represents the crystallite size, A represents the wavelength of incident x-ray, p represents the FWHM of
the diffraction peak ,0 represents the scaterring angle. The crystallite size decrease with increase in Cu content
which is attributed to the stress produced by the ionic difference of Cu2+ and Ti4+

The lattice strain is calculated using the relation

€=Pcosb/4

The dislocation density is defined as the length of dislocation lines per unit volume of the crystal and was
estimated from the following relation using the simple approach of Williamson and smallmen. The value of
dislocation density () is calculated using the relation.

o6=1/D2

It is observed that as the doping concentration increases the dislocation density is increased because of
the difference in ionic radii of Ti4+ and Cu2+. The lattice constants were calculated for TiO2 thin films and it is
found that the ‘a’ and ‘c’ values are in concordance with the standard values (a=3.785nm and ¢=9.513nm) these
indicate that the quality of TiO2 films is good and crystalline in nature. The lattice parameter of the doped films
‘a’ and ‘¢’ is less then undoped which is a strong indication of stress in the films.
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Fig 3.1: Undoped TiO; Thin film
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Fig 3.2: Doped Ti0O: Thin film
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Films Substrate Crystallite Strain(€) Dislocation Structure
temperature(C) Size(nm) density(3)Lines/m’
Undoped 350" ¢ 47nm 71 0064 Tetragonal
Cu-doped 350° ¢ 31.2nm 3.2 0237 Tetragonal

20kV X1,000 10pum 12 50 SEI 20kV X1,000 10um 12 50 SEI

Fig 3.3: Undoped TiO; Thin film
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Fig 3.5: EDAX of Cu doped TiO; Thin film

The morphology of the thin films is analysed by scanning electron microscope. Fig 3.3&3.4 shows the
SEM micrographs of pristine TiO2 and Cu doped TiO2 on glass substrates deposited at an optimized
temperature of 3500C. The SEM micrographs indicated that the film is well and evenly distributed across the
substrate surface as clearly shown in figure. The grains have regular structure with layers and the layers are
described as overlapping flakes. Fig 3.5 shows the EDAX spectrum of copper doped TiO2 thin films. The
EDAX spectrum also confirmed the presence of copper, titanium and oxygen as the elements present in the film.

3.3 Photoluminescence (PL):

Photoluminescence emission spectra can be used to investigate the efficiency of charge trapping,
immigration transfer and to understand the fate of electron hole pairs in semiconductor particles since PL
emission results from the recombination of charge carriers. Fig 3.6 &3.7 shows the PL emission spectra of both
pure and copper doped TiO2 thin film measured from 200 to 900 nm
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Fig 3.6: Undoped T10, Fig 3.7: Doped T10;

PL intensities were quite sensitive to metal doping and the peak position of pure TiO2 were consistent
with copper doped TiO2.Fig 3.6 & Fig 3.7 shows the intensity of photoluminescence spectrum of the pristine
TiO2 film is much higher than the doped TiO2 film. The reduction of photoluminescence intensity with the
increase in dopant concentration indicates the retardation of recombination process which is probably due to the
efficient transfer of charge into highly disperse Cu . A decrease in photo luminescence intensity indicates a
lower recombination rate of electron-hole pairs and hence higher separation efficiency.

IV. Conclusion
The study of undoped and copper doped TiO2 thin films were prepared by spray pyrolysis technique
using precursor solution of titanium (iv) butaoxide. The XRD pattern of deposited films (TiO2 and Cu doped
TiO2) revealed the tetragonal structure with preferential orientation along (101) plane. The SEM study
evidenced grains with uniform nature. It also reveals the reduction in size of the particles by addition of the
dopant. The PL intensity of the Cu doped TiO2 film decreased and it was attributed to the retardation of
recombination process.
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