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ABSTRACT:

We investigated on compositional, structural, surface morphology and optical properties of titanium dioxide
(TiO,) thin films deposited on glass substrates at different substrate temperatures by dc magnetron sputtering
technique. The crystallinity of films increases with increasing the substrate temperature from 303K to 698K.
The films deposited at substrate temperature of 303K exhibited smooth surface compare to higher substrate
temperature deposited films. The absorption edge of the films shifted towards visible light region as increasing
the substrate temperatures from 303K to 698K. The contact angle of films decreasing with increasing the

substrate temperature.
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I. INTRODUCTION

Titanium dioxide (TiO,) films have
extensive applications in several fields like solar
cells [1], heat mirrors [2], pigments [3],
cosmetics[4], antifogging  surfaces[5]  and
photocatalysis[6], due to its unique properties such
as high refractive index [7], high relative dielectric
[8], and strong  mechanical, catalytic,
hydrophilic/hydrophobic andoptical properties[6].
However, the properties of TiO, thin films are
strongly dependent on the deposition technique.
Various thin films deposition methods like
sputtering [6], thermal oxidation [9], spin coating
[10], chemical vapor deposition[11] and sol-gel
[12] have been used. Among these techniques, dc
magnetron sputtering is one of best technique due
to its good adherent to substrate, no direct heating,
uniformity, high deposition rates and easy to
control the chemical composition of the film. In
this investigation, TiO, films are deposited by dc
magnetron sputtering technique and studied the
effect of substrate temperature on the
compositional, structural, microstructural,
morphological and optical properties.
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Il. EXPERIMENTAL

TiOothin ~ films  deposited  onglass
substrates at different substrate temperatures
ranging from 303 to 698K by wusing dc
reactivemagnetron sputtering. A high purity
(99.99%)Ti target with 3mm thick and 100mm dia
was used as sputtering target. The distance between
target to substrate was 65mm and the substrate
rotation was fixed at10rpm. Before deposition, the
vacuumchamber was evacuated to a base pressure
of 5x10™ Pa bythe combination of a rotary pump
and diffusion pump.Sputtering was performed in
pure argon(Ar)and oxygen (O,) ambient through
mass flow controllers. The target was pre-sputtered
for 15min in Ar environment to
removecontaminants on the target. The deposition
pressure was 2.5 Pa. The chemical composition of
the films was analyzed by energy dispersive
spectroscopy (EDS). The films thickness was about
190 nm and was measured with step method. The
structural analysis of deposited films was carried
out by X-ray diffractometer (XRD). The
microstructure and surface morphology of the films
were observed using a scanning electron
microscopy (SEM) and atomic force microscopy
(AFM), respectively. Optical transmittance spectra
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in the UV-Visible range were measured bydouble-
beam UV-Vis-NIR spectrophotometer.

I1l. RESULTS AND DISCUSSION

The chemical composition of the films at
different substrate temperature was determined
byEDS and are listed in Table 1. EDS results
revealed that films consist Ti and O, only. The
atomic percentage of Ti increased with increasing
of substrate temperature, whereas, atomic
percentage of oxygen decreased. EDS spectra of
TiO.films at different substrate temperaturesis
shown in Fig.1.
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Fig.1.EDS spectra of TiO; films at different
substrate temperatures.

Table 1. Elemental composition of TiO, films at
different substrate temperatures.

Substrate Elemental composition
temperature -

Ti (at%) | O, (at%)
303K 23.61 76.39
623K 27.53 72.47
698K 30.40 69.60

Structural properties

The XRD patterns of TiO, films deposited
at different substrate temperatures are shown in
Fig.2. Indeed, the films deposited at room
temperature (303K) show an amorphous structure.
However, the films deposited at substrate
temperature of 623K exhibited a broad and weak
peak related to (101) of anatase phase, indicating
the beginning of crystallinity of the films. On
further increasing the substrate temperature to
698K the peak intensity increased slightly. The
films deposited at low substrate temperature
sputtered atoms having low surface mobility and it
prevents the crystallization. As increasing the
substrate temperature, the sputtered atoms acquire

enough mobility to achieve better crystallization. In
general, the crystallinity of TiO, films started at
higher temperatures when it deposited on the
amorphous substrates, and the growth of anatase
phase dominant than rutile phase at low
temperatures due to surface Gibbs free energy of
anatasepahse is lower than that of rutile phase,
consequently, TiO; initially prefers to nucleate into
anatase phase rather than rutile[13]. The increasing
of the crystallinity of TiO, films with temperature
was observed by Dussanet al.[14] andPjevic et
al.[15].
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Fig.2. XRD patterns of TiO, films at different
substrate temperatures.

Microstructure and surface  morphology
properties

Fig.3. shows the SEM images of TiO,
films at different substrate temperatures. The films
deposited at substrate temperature of 303K shows
smooth and dense structure without cracks and
voids, whereas the films deposited at substrate
temperature of 623K exhibited small grains and the
size of grains increased on further increasing the
substrate temperature to 698K. The AFM images of
TiO, films at different substrate temperatures are
shown in Fig.4. The surface morphology of films
was effected by the substrate temperature. As
increasing the substrate temperature from 303 to
698K the grain size increases and grain boundaries
reduced and become sharp. The TiO, films
deposited at substrate temperature of 303 and 623K
exhibited good homogeneity.The obtained RMS
roughness values are 3.9, 1.9 and 1.5nm for
substrate temperature of 303, 623 and 698K,
respectively. However, RMS roughness increased
with increasing of annealing temperature was
observed in rf magnetron sputtered TiO, films by
Pradhan et al.[16].
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Fig.3. SEM images of TiO, films at different
substrate temperatures.
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Fig.4. AFM images of TiO, films at different
substrate temperatures.

Raman studies

Fig.5. shows the Raman spectra of TiO,
films at different substrate temperatures. The films
deposited at 303K, there is no peak in the spectra
and it implies that films are amorphous [17]. By
increasing the substrate temperature to 623K, two
broad peaks are appeared at 403 and 642 cmare
from TiO,anatase phase [18-19]. On further
increasing the substrate temperature to 698K, the
peaks intensity increased and broadness was
decreased slightly. The rutile phase is not appeared
in the present study due to as the rutile phase
develops at higher temperature i.e beyond 1173K
[20]. The increases of the peak intensity with
substrate temperature is due to increase in
crystallinity of the anatase phase [16].
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Fig.5. Raman spectra of TiO, films at different
substrate temperatures.

Optical properties

The absorption spectra of the TiO, films at
different substrate temperatures are shown in Fig.6.
The absorption edge of the films shifted towards
the visible light region as increasing the substrate
temperatures from 303 to 698K, which is due to
increasing of the oxygen vacancies.The optical
band gap (Eg) of the films was determined from the
extrapolation of the linear portion of the plots of
(ahv)Yversus (hv) (a is the absorption coefficient,
hv is the photon energy). The (ahv)*? versus (hv)
plot for TiO, films at different substrate
temperatures is presented in Fig.7. It is found that
the band gap values of the films decreased with
increasing substrate temperature. The obtained
band gap values of TiO, thin films at different
substrate temperatures are 3.33, 3.26 and 3.17eV
for 303, 623 and 698K, respectively. The
decreasing of band gap values with increases of
substrate temperature was due to reduction of
structural defects and enhancement of crystallinity
of the films.
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Fig.6. Absorption spectra of the TiO, films at
different substrate temperatures.
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Fig.7. (ahv)“?versus (hv) for TiO, films at
different substrate temperatures.

Fig.8. shows the water contact
angle(CA)on TiO, films surfaceat different
substrate temperatures. The CA of films decreases
with increasing the substrate temperature from 303
to 698K. This behavior suggests that films surface
changed from hydrophobic to hydrophilic nature.
The films show the high CA at low substrate
temperature deposited films was due to low surface
energy. The similar behavior was observed by
Pradhan et al.[16] in rf magnetron sputtered TiO,
films.

Fig.8.Water droplet on TiO, film surface at
different substrate temperatures.

IV. CONCLUSIONS

TiO, thin films were deposited onto glass
substrates by dc  magnetronsputtering  at
varioussubstrate temperatures. The as deposited
films at substrate temperature of 303K are
amorphous nature and the crystallinity of the films
started at higher substrate temperatures. The grain
size and RMS roughness of the films increased
with increasing the substrate temperature. The
optical band gap of films decreases with increasing
the substrate temperature. The contact angle of
films decreasing with increasing the substrate
temperature from 303 to 698K.
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