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Abstract—This paper represents the effect of drying temperature
on Titanium Dioxide (TiO;) thin film. The TiO; thin films were
prepared on glass substrate by using sol-gel spin coating method.
The thin films were dried at six different temperatures at room
temperature, 50°C, 100°C, 150°C, 200°C, and 250°C. The sample
was characterized into electrical, optical and structural
properties. The 1-V measurement was taken under illumination
by using two point probes solar simulator (BUKOH
KEIKI-EP2000). Based on the result obtained, the sample dried
at 250°C shows the best in all characterizations. The resistivity
decreased and conductivity increased with the increase of the
temperature. The temperature at 250°C gives the lowest
resistivity which is 1.30x10°(Xm) and higher conductivity which
is 7.71x10"*S/m) among other temperatures. The responsivity at
250°C is the highest compare to other samples. The thickness of
the thin film is increasing with the increase of temperature.The
optical measurement showed the lowest band gap at 250°C which
is 3.91 ev for direct and 3.34ev for indirect band gap and the
absorbance is the highest at 250°C among other temparature.

Keywords- Titanium Dioxide; Drying Temperature; Sol-Gel
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1. INTRODUCTION

Titanium dioxide, (TiO,) has been expansively explored
by the industries due to the unique nature. TiO, nanomaterial
which have a lot of properties such as high refractive index,
excellent optical transmittance, [1] non-toxicity, photo-
stability, water insolubility and ability to function as
photocatalyst under UV radiation [2]. TiO, also has wide band
gap up to 3.2 eV and it high reflective index will make it
excellent reflective optical coating[3].

Therefore TiO, have been widely studied for many
applications such as paints, cloth fibers, optical cells, solar
energy conversion, and production of hydrogen gases [4]. TiO,
also have characteristics match to the spectrum of available
light for example good light absorption and stability. This
characteristic gives TiO, opportunity in making solar cell.
TiOs can exist in three basic crystalline phases which is anatase
(tetragonal) [5], rutile (tetragonal) [6], brookite (orthorhombic)
[7},and an amorphous phase [8]. The first two phases have
excellent photocatalytic and antibacterial properties when
exposed to UVA light (320-400 nm). There are numerous
methods that have been employed to synthesize TiO, such as

spray pyrolysis [9], plasma enhanced chemical vapor
deposition [10], and sol-gel deposition [11], magnetron
sputtering [12]. However, sol-gel method has advantages such
as large area, porous amorphous films, relative simplicity and
low cost [13]. Temperature is one of the important parameter
that can be considered in the study. Based on the previous
research, the increased of temperature leads to the higher band
gap by using RF-Magnetron Sputtering method [14]. Besides
that, it has been reported that, the current was decreased with
the increase of temperature [15]. In this study, temperature
might influence to the properties of the TiO, thin
film. Therefore, a study by using another method which is sol-
gel spin coating method was used in order to obtained the
lower optical band gap of TiO, thin film towards the
application of organic solar cell.

II. OBJECTIVE

The purpose of the project is to conduct the preparation
TiO, thin film by using so-gel spin coating technique. The
drying temperature of the substrate can be set to various
values therefore, the other objective is to understand effect of
different drying temperature at room temperature, 50°C,
100°C, 150°C, 200°C, and 250°C. Besides that is to study the
effect of drying temperature of electrical, optical and
structural properties of TiO, thin film.

III. ScoPE OF WORK

This project was to synthesis nanomaterial of TiO, into
several samples. The sample were characterizes according to
desired properties such electrical, optical, and structural by
using suitable equipment. For electrical properties, two point
probes solar simulator (BUKOH KEIKI-EP2000) are used. In
order to measure the transmittance and absorbance, UV-Vis
spectrometer 1s used. The surface profiler is used to measure
the thickness of thin film. Characterization process is used to
determine the properties of materials used. The result obtained
was analyzed and examined.


mailto:nurulsuhada_matrosli@yahoo.com

IV. METHODOLOGY
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Figure 1. Experiment Flow Chart

A. Preparation of Substrate

The glass substrate was used as substrates. Firstly, the
glass substrate was cut into 2x2cm. The glass was cleaned by
immersing in acetone and placed into the ultrasonic cleaner for
10 minutes at 50°C. Next, immerse it in methanol or ethanol
and placed into ultrasonic cleaner for 10 minutes at 50°C.
Lastly, immerse in DI water and placed into ultrasonic cleaner
for 10 minutes at 50°C and blow-dry with nitrogen gas.

B.  Preparation of TiO; Solution

Ti0; solution was prepared by mixed two types of solution
A and B together and stirred in 60°C for 1 hour at 600rpm.
Solution A mainly consist of 23.579 ml of ethyl alcohol. then
2.5ml of glacial acetic acid was (GAA) added in the solution
as stabilizer followed by 0.14211ml of Titanium (IV)
Isopropoxide [Ti (OC3H7)4] as the precusor. For solution B,
23.579 ml of ethyl alcohol was added in the beaker then DI
water was added as function of adding oxygen (O,) element
into titanium Isopropoxide [Ti (OC3H7)4] for hydrolysis
process.Next, 1 drop of Triton X-100 was added to the
solution as a stabilizer to increase conductivity of films.

C. Thin Film Deposition Method

Spin coating technique has been chosen as the method to
spread the sol-gel onto glass substrates. The sol-gel was
dropped onto the substrate spinning at 3000rpm. Ten drops of
the sol-gel was dispensed on the substrate and was followed
by a drying process inside a box furnace for ten minutes at
room temperature. Next, the thin film was annealed at 450°C
.The same process was repeated 5 times at six different drying
temperature at 50°C, 100°C, 150°C, 200°C, and 250°C.

D. Characterization

For electrical characterization, 2-point probe current-
voltage (I-V) measurement method was employed by
deposited Au (gold) metal contact onto the thin films using
sputter coating. The I-V was measured in dark and under
illumination to examine the responsivity of TiO, thin film.
From that, the resistivity and conductivity was calculated. For
optical characterization, UV-Vis spectrophotometer was used
to characterize the transmittance and absorbance spectra of the
thin films. From that, the optical band gap was calculated.The
thin film thickness measurement, surface profiler

(VEECO/Dektak 150). was used.



V. RESULTS AND DISCUSSIONS

A.  Electrical Properties

Current-Voltage (I-V) measurements were performed to
the TiO, thin films structure to determine their electrical
properties in dark and under illumination. The electrode was
deposited using gold (Au) material onto the thin films. In this
project, the bias voltage was applied from -10V to 10V.

Current versus voltage graph has been plotted in figure 2
and figure 3. From the figure it shows that the highest
temperature gives highest current in dark and under
illumination. At 10V, it can be seen that the current under
illumination is the highest at 250°C which is 5.10x10®A and
4.32x10"® A in dark. From this can be seen that the current
under illumintion is much higher compare to the current in
dark. The current under illumination was increased with the
increase of temperature where by at room temperature the
current is 0.63x10°A and increased to 5.1x10" A at 250°C .
The current in dark at room temperature is 0.74x10® A and
increase to 4.32x10% A .The current increase as the
temperature increase, this is due to the larger grain size as the
temperature increase. Larger grain size will provide hinger
surface contact between TiO, thin film and electrode which
cause the improvement of electron migration. As the electron
migration increase
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Figure 2.  1-V of TiO; thin film under illumination at different temperature

8
]
4 =
3] i1

Curert(iE-8A)

2.4

A

2 Voltage(V)
a4
- {(a)Room Temperature |
{b)s0°C
-6 (c}100°C
6 (d)150°C
(8)200°C
(f)250°C i

-4 <

Figure 3. |-V of TiO; thin film in dark at different temperature
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Figure 4. Responsivity of TiO2 thin films at different temperature

Drying Responsivity
Temperature,(°C)
Room Teperature 0.85
50 0.56
100 0.81
150 1.46
200 1.02
250 1.81

TABLE I: Responsivity of TiO; thin films at different drying temperature

Table I above shows the responsivity of of TiO, thin films at
different drying temperature by considering the current in dark
and under illumination by referring to the equation (1):

Responsivity= Ljjjumination

ey

1 Dark

From figure 4, it shows that the ratios of current in dark
and under illumination are the highest at 250°C which is 1.81
.This shows that the sample is able respond to light since the
current in dark and under illumination is much different. At
200°C, the responsivity is 1.02 which is almost 1 meaning that
the current in dark and under illumination is almost the same
and shows the sample is not effective since it does not
responds towards light.
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Figure 5. Resistivity and conductivity of TiO» thin films at different

temperature.

Figure 5 above shows the resistivity and conductivity of TiO»
thin film under illumination. The resistivity graph was plotted
by using below formula (2).

Vo wt (2)
l

p= )

Where 1= current

V=voltage
w= width of metal contact
t=thickness of thin film and metal contact

I=distance between metal contact

From the graph, it can be seen that the resistivity of the sample
was decreasing with the increased temperature from 4.79x10"
Q.m at room temperature down to 1.30x10" Q.m at 250°C
respectively. The conductivity was increasing with the
increase in temperature.The conductivity of the TiO, is
inversly proportional to the resistivity by referring to the
equation (3):

Q
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u |-

3)

Where ¢ = conductivity

p = resistivity

From the result obtained, it can be seen that the
conductivity is higher at 250°C compare to other samples
which is 7.71x10™ S/m where as the lowest conductivity is in

the lowest temperature at room temperature which is 2.20x10™*
S/m.Therefore by considering the conduction process theory
in solid states, conduction is the process of transfer in solids
and happens because the outer electrons of the molecules
become energized and detached from their original molecules
and pass on that energy to other molecules. Energy can be
added to electrons by applying heat. When enough energy is
absorbed by the valence electrons, it is possible for them to
break some of their covalent bonds. Once the bonds are
broken, the electrons move to the conduction band where they
are capable of supporting electric current. Therefore, by
applying higher temperature, the electron has more energy to
excite to conduction band and increase the conductivity [16].

B. Optical Properties

For optical properties, the optical transmission was measured
in the visible region (300-850nm).From the result obtained, it
can be seen that the transmittance keep decreasing with the
increase of temperature [17].In figure 7, it shows that the
optical transmittance spectra revealed a transmission of 75%
to 90%.Transmittance is lower at higher temperature. At
250°C, the transmittance is the lowest which is 75% compare
to the other temperature. This is according to the number of
particle growth which resists the amount of light to pass
through the sample as the temperature increase where it can be
seen that the thickness of the sample increases with the
increased of temperature. Figure & shows the absorption
spectra of the thin film. . The absorbance shows the highest at
250°C, meaning that higher amount of photon can absorb
compare to the other sample. This can be proved through the
electrical properties where the conductivity is the highest at
250°C.
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Transmittance of TiO; thin films at different drying temperature
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Figure 9. The optical indirect band gap of TiO, thin films at different

drying temperature

TABLE II: Optical Band Gap for Different Drying Temperature

Drying Temperature, (°C) | Optical Band Gap, (eV)
Room Temperature 3.47
50 3.52
100 3.50
150 3.45
200 3.56
250 3.34
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Figure 7. Absorbance of TiO, thin films at different drying temperature
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Figure 8. The direct optical band gap of TiO; thin films at different drying

TABLE 1I: Optical Band Gap for Different Drying Temperature

temperature

Drying Temperature, (°C) Optical Band Gap, (eV)
Room Temperature 3.99
50 3.98
100 3.95
150 3.94
200 4.00
250 3.91

The optical band gap was calculated in this project by using
the following equation:

Direct Optical band gap = (ahv)? 4)
Indirect Optical bard gap = (ahv)'? (5)
1 1 (6)
o =—(In-
t(' 'I')

Where o= Absorption coefficient
t = thickness of thin film

T=Transmittance of thin film




Figure 9 shows the optical band gap of six different
temperatures plotted by origin. At 250°C dried process, the
optical band gap obtained is 3.91eV for direct and 3.34Ev for
indirect which is the lowest compare to other temperature.
This can be prove by referring to the literature that having the

band gap from 2.86 to 3.34 eV for the TiO, anatase phase [18].

However TiO» 1s a direct optical band gap because direct band
gap. electron only needs energy and directly emits the photon
compare to indirect band gap which photon cannot be emitted
because the electron must pass the intermediate state to
transfer momentum 1o crystal lattice. Since 3.91eV is the
lowest band gap obtained, therefore 3.91eV is the minimum
energy necessary to elevate an electron to excited states or
upper energy level so that it can be conducted through the
solar cell.

C. Structural Properties

The thickness of TiO, thin film was measured by surface
profiler (KLA Tencor P-7). Table 3 shows the thickness of
TiO, thin film at different temperature. The thickness was
measured by taking the average of 3 readings. From the result
obtained, it shows that at higher temperature, thickness of the
film increased. At room temperature, the thickness of the
sample is 6.38nm and increased to 86.08nm at 250°C This is
due to the ability of TiO, to growth and crystallizes better at
the higher temperature. The increase of the thickness at 250°C
proves that the amount of the light that passed through the
sample is less at 250°C compare to other temperature.

TABLE I1I: Thickness for Different Drying Temperature

Temperature (°C) Thickness (nm)
Room Temperature 6.38
50 13.95
100 41.71
150 59.92
200 74.27
250 86.08

VI. CONCLUSION

As a conclusion, the preparation of TiO, thin film by using
sol-gel spin coating technique was succeed and the effect of
drying temperature on TiO, was analyzed in this project. The
results obtained in this project shows that 250°C dried process
is the best sample obtained. This is due to the higher
conductivity and lower resistivity compare to the other
samples. The temperature at 250°C gives the lowest resistivity
which is 1.30x10'(m) and higher conductivity which is
7.71x10%S/m) among other temperatures. The responsivity
shows the highest ratio of the current in dark and under
illumination.Optical studies that shows the higher absorbance
and lower transmittance at 250°C .Besides that, The optical
band gap is lowest at 250°C which is 3.3eV.Since the
thickness at 250°C is the most higher compare to other
samples, it resist the light to pass through the sample due to

the decreasing of transmittance value with the increase of
dried temperature.
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FUTURE RECOMMENDATION

This project is focus on the effect of drying temperature on
the properties of TiO, thin film however the duration for
drying process is fixed at 10 minutes therefore, for the future
recommendation the study on the time taken for the drying
process might be one of the alternatives in order to improve
the performance of TiO2 thin films.
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