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Abstract— The titanium dioxide (TiO2) films have been obtained
for different spin speeds using spin coating technique on to the
glass substrates kept at 350 °C. The conditions have been
optimized to obtain quality films. The films so obtained have
been studied for their structural characterization through XRD
analysis. Optical absorption studies to find optical band gap of
the films have been made through UV-Visible spectroscopy in the
spectral range 300 -1100 nm. Effect of spin speed on the surface
morphology and optical properties of these films has been
studied. Results show that both the surface morphology and
optical properties get modify by varying spin speed.

Index Terms—Spin coating, TiOz, surface morphology, optical
properties

I. INTRODUCTION

Titanium dioxide (TiO,) has been studied widely for its
remarkable electronic, optical properties and for its
stability in the adverse environment. TiO, films have been
used for a variety of applications such as optics industry [1],
solar cells [2], dye sensitized solar cells [3], electrochromic
displays [4] dielectric applications [5], self cleaning purposes
[6] optical filters [7] and photocatalytic layers [8]. TiO:
antireflection coatings [9-12] have been used for increasing
the visible transmittance in heat mirrors [13]. Titanium
dioxide have been found to exist in three crystalline phases:
rutile (tetragonal), anatase (tetragonal), and brookite
(orthorombic) and the phase existing in thin film form depends
upon the conditions and parameters of the fabrication method
[14]. The refractive index at 500 nm for rutile and anatase
bulk titania is about 2.7 and 2.5 respectively [15]. Various
deposition methods have been employed to get TiO; in thin
film form, such as plasma enhanced chemical vapor deposition
[5], sol-gel methods [16, 17], chemical vapor deposition [18]
and DC reactive magnetron sputtering [8], RF reactive
magnetron sputtering [3, 19], electron-beam evaporation [20],
ion-beam assisted deposition [21].
Spin coating has been widely used technique for deposition of
TiO, films on glass substrate using precursor solutions of
titanium isopropoxide (C12H2804Ti) with a suitable molar ratio
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of different components of solution [22] with the advantage of
relatively low cost for large-scale production of thin films.

The effect of solution concentration and the number of coating
layers on structural, optical and electrical properties of sol-gel
derived TiO, films have studied [23].

In this paper, we present a study of the structural and optical
properties of spin coated titanium dioxide films on glass
substrates  using  acetylacetonate  stabilized titanium
isopropoxide precursor. The effect of spin speed on these
properties has been investigated.

Il. EXPERIMENTAL DETAILS

Chemically and thermally stable films of titanium dioxide
have been prepared using the spin coating method.
Microscope glass slides have been used as the substrate for
films. The glass slides were sequentially cleaned in an
ultrasonic bath with acetone and ethanol before deposition.
Finally they were rinsed with distilled water and were properly
dried. The precursor solution was prepared by mixing 1.2 ml
Titanium (1V) isopropoxide, 0.83 ml of acetylacetone and
17.97 ml of ethanol . The solution so obtained was stirred at
room temperature for half hour in an air tight container. About
2. 5 ul of this spreading solution was dispensed on to the
substrate from a distance of 5 mm above the substrate and
spinner (Apex system model NXG M1) was employed to spin
the substrate at different speeds ranging from 1500 to 4500
rpm with spin time 30 sec. for each film. The films so
obtained were heated in air at 350 °C for fifteen minutes. The
films were then cooled down to room temperature in open air.
This process was repeated 7 times for each film. The
crystalline properties of the TiO2 films were analyzed by an
X-ray diffractometer (Model-D5000, Siemens) using CuK,
radiations (A=0.15406 nm) and operating at an accelerating
voltage of 40 kV and an emission current of 30 mA. Data were
acquired over the range of 20 from 15 to 70° at scanning speed
of 5° mint. The XRD method was used to study the change of
crystalline structure. The UV-visible-IR optical transmission
spectra of TiO; thin films were recorded by a double-beam
spectrophotometer in the range of 300-800 nm. The
measurements were taken at a normal incidence using a
reference blank substrate. From the transmittance and
absorbance spectra, Swanepoel [24] methods were used to
calculate the optical constants, absorption coefficient and
optical band gap of the films. The thickness of the thin films
were estimated 301nm, 182 nm and 127 nm for films obtained
at spinning speed of 1500, 3000 and 4500 rpm respectively
using max-min method, using the formula:
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t =M A/4n (A2 - M) ,Where‘t’ is the thickness of the film,
M and X, are the wavelengths which corresponds to the
maxima and minima of the transmittance spectra and ‘n’ is the
refractive index to TiO.

I1l. RESULTS AND DISCUSSION

A. Structure:

The X-ray diffractogram of TiO; films grown at different spin
speeds has been shown in figure 1 (a-c).
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Fig. 1 (a,b,c) : XRD pattern for titanium dioxide films grown at (a) 1500 rpm
(b) 3000 rpm and (c) 4500 rpm

The d values of the films are compared with the literature data
to confirm the structure of TiO2 and found to be in good
agreement thus confirming the formation of TiO; film on the
substrate. The films are observed to have a preferential
crystallographic texture in the [101] direction corresponding to
the Bragg angle 20 = 25.2°. However, X-ray diffractogram
shows the presence of weak intensity peaks with orientation
[200] with 20 = 48.1° that is also in agreement with the
previously reported values. The films deposited at higher spin
speed show comparatively intense peaks. Also the decrease in
full width measured at half maxima (FWHM) of diffraction
peaks has been noticed, thus suggesting a high degree of
crystallinity with increase in spin speed.

B. Optical Properties:

The absorption coefficient of TiO- films deposited on glass
has been determined over the energy range 1.1-2.4 eV, which
correspond  to an absorption edge in the lower energy

region of the transmittance spectra of the films taken
over 300-1100 nm range. This absorption edge of the TiO has
been examined in terms of a direct transition using the
equation of Bardeen et al [25], stating that : ahv = B(hv -
Eg)", where a is the absorption coefficient, hv is the photon
energy, Eq is the optical band gap, B is a constant which does
not depend on photon energy and n has four numeric values
(1/2 for allowed direct, 2 for allowed indirect, 3 for forbidden
direct and 3/2 for forbidden indirect optical transitions). In this
work, direct and indirect band gap was determined by plotting
(ahv)? vs. hv and (ahv)Y? vs. hv curves respectively, with the
extrapolation of the linear region to energy axis. The direct
and indirect band gap energy of TiO- films deposited on glass
substrate for different spin speeds have been plotted in figs 2
and 3 respectively and has been listed in table 1.
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Fig. 2 : (ahv)¥?vs. hv for the titanjum dioxide films
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Fig. 3: (ahv)?vs. hv for the titanium dioxide films

Table 1: Band gap energy of TiO films deposited on glass substrate at
different spin speeds and annealed at 350 °C.

Spin speed Direct Band Gap(eV) Indirect Band Gap(eV)
(rpm)
1500 3.64 3.42
3000 3.70 345
4500 3.95 3.52

It has been observed that the band gap energy increases
with the increase in spin speed. This may be attributed to the
fact that higher spin speed causes uniform spreading of
precursor solution on substrate exhibiting more ordered
structure by lowering the number of defects and that
ultimately causes comparatively less contribution to the
absorption [26]. Results are in good agreement with the
findings of Amor et. al. [19], Habibi et. al. [20] and Yang et.
al. [21].
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IV. CONCLUSIONS

The anatase phase titanium dioxide thin films have been
produced by spin coating method on glass substrates for
different spin speeds. XRD analysis shows the improvement in
crystallinity with the increase in spin speed. It is observed that
the allowed direct and indirect optical band gap of the films
increases with the increase of spinning speed.
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