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Titanium oxide (TiO2) thin films have been deposited onto highly cleaned soda lime glass substrates by DC magnetron 
reactive sputtering system. The Ti target with purity 99.99% is sputtered by argon gas in the sputtering chamber. Oxygen 
gas with purity 99.99% is introduced during the deposition process into the sputtering chamber as reactive gas for the 
synthesis of titanium oxide. Structural and optical properties of TiO2 thin films have been characterized by X-ray diffraction 
(XRD), Raman spectroscopy and UV-Vis. spectroscopy. The effect of substrate temperature and sputtering power on the 
optical properties of TiO2 thin films has been studied. The XRD and Raman spectroscopy of as-deposited films are used to 
study the structural properties of TiO2 as a function of substrate temperature and sputtered power. The structural studies 
show the crystalline nature of TiO2 thin films. The narrowing of energy band gap of sputtered deposited TiO2thin films was 
studied using UV-Vis. spectroscopy. 
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Nowadays thin films of metal oxides (CuO, ZnO, 
SnO2, TiO2, V2O5 etc.) are largely used in different 
fields because they are transparent to the visible 
region and have high hardness. TiO2is among the 
material fulfils all the required demands1. TiO2 is non-
toxic, low cost and chemical stable material. TiO2 thin 
films have shows remarkable chemical, electrical and 
optical properties2. TiO2 thin films structural and 
optical properties were widely investigated for their 
various applications like in solar cells3, photocatalyst4, 
antireflection coatings5, water purifier6, sensors7 and 
self-cleaning8. Generally it found in three phases such 
as rutile, anatese and brookite. Rutile and anatase 
phase are generally used in photocatalysis. Rutile and 
anatase has various applications for industrial 
purpose.The band gap energy (Eg) of bulk TiO2 lies 
~3.36–3.43 eV and for the crystalline anatase and 
rutile phase is 3.2 and 3.0 eV, respectively9. 

TiO2 thin films can be achieved by using various 
physical and chemical methods techniques like DC 
and RF magnetron sputtering10, pulse laser 
deposition11, electron beam evaporation12, sol-gel 
method13, dip coating14, hydrothermal method15 and 
spin coating16. Among these methods, magnetron 
sputtering technique have various advantages like 
good adhesion, less contamination, control deposition 
rates and  can be performed at room temperature. The 

structural and optical properties of thin films are 
strictly depend on the preparation method, composition 
and the deposition parameters (film thickness, substrate 
temperature, sputtered power etc.)17-22. 

In present research work, we have achieved TiO2 
thin films by DC magnetron sputtering.We have 
studied the effect of sputtered power and substrate 
temperature on theTiO2 thin films to improve its photo-
response from UV to visible region23. Structural 
properties of TiO2 thin films were determined from X-
ray Diffractometer (XRD: Rigaku) with Cu-Kα1 
radiation of wavelength 1.54Å at the scanning rate 0.1 
deg. per sec. The optical absorption spectra of TiO2 
thin films were measured at room temperature 
(Hitachi-U-3300 UV–Vis. Spectrophotometer). Raman 
spectra was analyzed (HR800 Horiba JobinYvon) with 
spectral resolution of ~ 1 cm-1. 

Experimental Section 
Thin films of TiO2 were deposited onto 

ultrasonically cleaned soda lime glass substrate by DC 
magnetron reactive sputtering system. The titanium 
target with 99.99% purity was used. The distance 
between the target and substrate was fixed at 6 cm. 
The Argon (Ar) and oxygen (O2) gases with purity of 
99.99% were used as sputtered and reactive gas 
respectively for the synthesis of TiO2 thin films. 
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Sputtering process occurred in the chamber evacuated 
to the base pressure 9.5× 10-6 mbar and the sputtering 
pressure 2.5 × 10-2 mbar maintained during every 
sample deposition. The Ar and O2 flow rate 20:4 
(Ar:O2) sccm and deposition time 10 minute is fixed 
for every sample preparation. The detailed process  
of TiO2 thin films deposition shown in  
Fig. 1. Temperature and power were the parameters 
varied during the sample preparation, samples 
deposited at different sputtering power and substrate 
temperature named as P1, P2, P3 and T1, T2, T3 and T4 
respectively shown in Table 1 and Table 2. 
 
Results and Discussion  
 

X- Ray diffraction 
Fig. 2(a) shows XRD patterns of the sputtered 

deposited TiO2thin films at different sputter power. 
Weak intense peak and broadening of diffraction 
peaks for the different sputter power deposited thin 
films indicate the presence of amorphous phase. 
Amorphous nature of TiO2 thin films disappear as the 
sputtered power increases from 100 W to 150 W and 
when further increase the sputtered power from 150W 
to 200 W the amorphous nature of TiO2 thin films 
again dominate. The only sample P2 shows the rutile 
phase (110) at 27.80º and the samples P1 and P3shows 
amorphous nature. If the distance between the 
substrate and the target is less, power is high. Then 
the collision is strong and the more energy transferred 

to the substrate and this decrease the chance to 
achieve the crystalline TiO2 thin films. With the 
increase of distance between substrate and target and 
lower the sputter power it will increases the chances 
to achieve crystalline TiO2thin films24-29. 

Fig. 2(b) shows the substrate temperature 
dependence of XRD patterns. At low substrate 
temperature, the surface mobility causes a less 
ordered surface crystal structure. The low mobility of 

 
 

Fig. 1 — Schematic diagram of sputter deposited TiO2 thin films. 
 

Table1 — Deposition parameters for the synthesis of TiO2thin 
films at various sputtered power. 

Target Gas used 
Ar:O2 (sccm) 

Substrate 
temperature (C) 

Sputtered 
power 

Sample 
name 

Ti 20:4 Room Temperature 100 Watt P1 
Ti 20:4 Room Temperature 150 Watt P2 
Ti 20:4 Room Temperature 200 Watt P3 

 
 

Fig. 2 — XRD pattern of TiO2 thin films on glass substrates at: (a) 
various sputter power and (b) various substrate temperatures. 
 

Table 2 — Deposition parameters for the synthesis of TiO2thin 
films at various substrate temperatures. 

Target Gas used 
(sccm) 

Substrate 
temperature (C) 

Sputtered 
power 

Sample 
name 

Ti 20:4 Room 
temperature 

200 Watt T1 

Ti 20:4 100 200 Watt T2 
Ti 20:4 200 200 Watt T3 
Ti 20:4 300 200 Watt T4 
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substrate atoms prevents full crystallization of the 
films. When we increase the substrate temperature, 
the substrate atoms achieve sufficient mobility to 
rearrange themselves in a more crystalline structure. 
XRD peak profile analysis revealed the rutile phase of 
TiO2 thin films30. The sample T2,T3, and T4 shows only 
one peak (110) at 27.8 for rutile phase. We can 
interoperate these results as the substrate temperature 
increases from room temperature to 300°C the TiO2 
thin film move amorphous to crystalline in nature. 
 
Raman studies 

Raman spectroscopy was used to determine the 
microstructure of sputtered deposit TiO2 thin films 
and is an investigating tool to determine the 
vibrational and rotational structure. The Raman 
spectra of sputtered deposit TiO2 thin films recorded 
in the range 200-1200 cm-1.The rutile structure belong 
to the tetragonal space group D14

4h (P42/mnm) and the 

anatase structure characterized to the tetragonal space 
group D19

4h (I41/amd). The rutile and anatase have 
four and six Raman active modes respectively. Raman 
active modes for rutile are 143 cm-1 (B1g), 447 cm-1 
(Eg), 612 cm-1 (A1g) and 826 (B2g) cm-1. The Raman 
active modes for anatase are  144 cm-1 (Eg) 197 cm-1  
(Eg), 400 cm-1(B1g),  515 cm-1 (A1g) and 519 cm-

1(B1g) and 640 cm-1  (Eg). TiO2 thin films Raman 
spectra deposited at different sputtered power are 
shown in Fig. 3(a).The Raman peaks at 452 cm-1 (Eg), 
568 cm-1 (A1g) and 795 (B2g) cm-1 are the 
characteristic peak of rutile. Another intense peak 
observed at 1097cm-1 corresponds to vibrational 
mode. As the previous studies shows that the flow 
rate of argon and oxygen affects the crystallinity of 
sputtered deposited TiO2 thin films. When flow rate of 
oxygen and argon is 1:2 sccm (O2:Ar) or higher than 
this ratio the deposited TiO2 thin films shows rutile 
structure only29. TiO2 thin films Raman spectra 
deposited at different substrate temperature are shown 
in Fig. 3(b). The Raman peaks at 456 cm-1 (Eg),  
570 cm-1 (A1g) and 795 (B2g) cm-1 are the 
characteristic peak of rutile. Another intense  
peak observed at 144 cm-1 (Eg) for sample T4 is  
the characteristic peak of anatase. Another  
intense peak is also observed at 1097 cm-1 for 
vibrational mod31-35.  
 
UV-Vis Spectroscopy 

Absorption spectra of sputtered deposit TiO2thin 
films were recorded in the range 200-800 nm 
wavelength. The prepared thin films were transparent to 
visible light, these films are sensitive to UV light shorter 
than 375 nm wavelength. The absorption spectra of 
sputtered deposited TiO2 thin films  
for various sputter power and substrate temperature are 
shown in Fig. 4(a) and Fig. 4(b). The absorption spectra 
of TiO2 thin films shift toward longer  
wave length. These results show the optical properties of 
TiO2 thin films strictly depend upon the sputtered power 
and substrate temperature. Band gap value can be 
estimated by the absorption spectra edges36-39.  

The direct optical band gap of sputtered deposited 
TiO2 thin films were estimated using tauc’s relation40: 

 

  2/1
gEhvAh 

 
 
where α is the absorption coefficient, hv is the photon 
energy, Eg the optical band gap of TiO2 thin films and 
A is proportional coefficient.  

 
 

Fig. 3 — Raman spectra of TiO2 thin films on glass substrates at:
(a) various sputter power and (b) various substrate temperatures. 
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The Tauc’s plot (αhʋ)2 versus energy (hʋ) shown in 
Fig. 5(a) and Fig. 5(b). The estimated band gap 
energy values for the samples P1, P2 and P3 are 3.50, 
3.35 and 3.25 eV respectively and for the samples T1, 
T2, T3 and T4 are 3.25, 3.17, 3.14 and 3.08 eV 
respectively. As the sputtered power and substrate 
temperature increases the band gap energy moves 
from UV to visible region. Narrowing in the optical 
band gap improves the electronic and optical properties 
of TiO2thin films which enhance the photocatalytic 
activity and antibacterial activity 16,41-42. By controlling 
these deposition parameters we can tailored the band 
gap energy of TiO2 thin films for various applications. 
 
Conclusion 

In the present research work we have successfully 
deposited TiO2thin films by DC reactive magnetron 
sputtering system. In this work, we have studied the 
effect of sputtered power and substrate temperature on 
TiO2 thin films. The XRD patterns of TiO2 thin films 

revealed that amorphous and crystalline nature are 
highly depend on the deposition parameters. We can 
control the crystalline nature of TiO2 thin films with 
sputtering power and substrate temperature. Raman 
spectroscopy revealed TiO2thin films are consist both 
rutile and anatase phase. The anatase phase was not 
observed in XRD patterns while it was observed in 
Raman spectroscopy with particular wave number at 
144 cm-1(Eg).The anatase phase is more sensitive for 
photo catalytic activity in comparison of rutile phase 
by increasing substrate temperature anatase phase can 
be achieved. UV-Vis. spectroscopy revealed that the 
band gap decreases as the sputtering power and 
substrate temperature increases. The optical response 
of TiO2thin films move toward visible region from 
UV region. The sputter power and the substrate 
temperature are the key parameter for controlling the 
structural and optical properties of TiO2 thin films. 

 

Fig. 5 — Tauc’s plot of TiO2 thin films on glass substrates at: (a) 
various sputter power and (b) various substrate temperatures. 

 

Fig. 4 — Absorption spectra of TiO2 thin films on glass substrates
at: (a) various sputter power, (b) various substrate temperatures. 
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