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OPTICAL AND SURFACE PROPERTIES TiO2 THIN FILMS DEPOSITED 
BY DC MAGNETRON SPUTTERING METHOD 
 
M. Stamate*, I. Vascan, I. Lazar, G. Lazar, I. Caraman, M. Caraman 
Bacau University, Calea Marasesti nr.157, Bacau, 5500, Romania 
 
TiO2 thin films were deposited through a d. c. magnetron sputtering method. An analysis of the optical properties of TiO2 

thin films deposited on glass is presented. A strong dependence between the values of TiO2 optical band gap and 
argon/oxygen ratios has been revealed. Changes in optical, properties of TiO2 thin films, with thermal annealing parameters 
and gas flowing rate were observed. The optical band gap varies from 3 eV > 3.4 eV as a function of oxygen/argon ratios in 
the flowing gas between 10% to 50%. The surface conductivity was found to depend on the pressure, in the deposition 
space. 
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1.Introduction 
 
Titanium dioxide (TiO2) films are extensively used in optical thin film devices, because of their good 
transmittance in the visible region, high refractive index and chemical stability [1]. Many deposition methods 
can be used to prepare titanium oxides films: thermal [2] or anodic [3] oxidation of titanium, electron beam 
evaporation [4], chemical vapor deposition [5], plasma-enhanced chemical vapor deposition [6], sol-gel method 
[7] and reactive sputtering. Among these methods, reactive magnetron sputtering has a very important position 
because the stoichiometry of the film can be controlled and a metal target can be used. This paper is focused on 
the analysis of optical and surface conductivity of TiO2 thin films deposited by a d.c reactive sputtering method. 
 
2. Experimental details 
 
The films were deposited in a home built magnetron sputtering system [8]. The vacuum chamber is a stainless 
steel one with the volume of 80 liters. A circular magnetron with 60 mm diameter erosion zone was used as 
cathode. The discharge characteristics have been controlled using a variable dc power supply (3 kV and 500 
mA). Pure titanium (99.5) of 130 mm diameter and 3 mm thickness has been used as a sputtering target. Pure 
argon (4N) and oxygen were used as the sputtering and reactive gases respectively. The gases were mixed prior 
the admission in the sputtering chamber at oxygen/argon ratios between 10% and 50%. The target substrate 
distance was 35 mm. The sputtering pressure was kept at 5 10-2 Torr. Prior the deposition the target was well 
cleaned in order to remove the surface oxides layers. The substrate temperature was controlled by using a 
quartz halogen lamp whose power was controlled by varying the input voltage. Titanium oxides films were 
deposited on well cleaned microscope glass slides (75 25 1 mm3) and on KBr crystals substrates. The 
thickness of the films has been calculated by using a multiple beam interferometer method to an accuracy of 
10nm. 
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There was shown that important changes in optical parameters e.g. (refractive index and extinction coefficient) 
are related to the films deposited at low oxygen partial pressure (10% oxygen and 90% argon), a refractive 
index of 2.8 at 400 nm being a typical value for TiO2. The refractive index increases for TiO2 thin films 
deposited at higher value of gas flowing rate. The extinction coefficient increases when the films are deposited 
at lower gas flowing rate. 
In order to prepare high quality TiO2 thin films it is necessary to use a flowing gas mixture with a higher 
proportion in oxygen. A high gas flowing rate is recommended in order to get films with reproducible and 
controlled parameters. 
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