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OPTICAL AND SURFACE PROPERTIESTiO, THIN FILMS DEPOSITED
BY DC MAGNETRON SPUTTERING METHOD

M. Stamate’, |. Vascan, |. Lazar, G. Lazar, |. Caraman, M. Caraman

Bacau University, Cdea Marasesti nr.157, Bacau, 5500, Romania

TiO, thin films were deposited through a d. c. magnetron sputtering method. An anaysis of
the optica properties of TiO, thin films deposited on glass is presented. A strong
dependence between the values of TiO, optical band gap and argon/oxygen retios has been
revedled. Changes in optical, properties of TiO, thin films, with therma annealing
parameters and gas flowing rate were observed. The optical band gep variesfrom3 eV > 3.4
eV as afunction 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 (TiO,) 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, dectron beam evaporation [4], chemica 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 TiO, 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 sted 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
avariable 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 rati os between 10% and 50%. The target substrate distance was
35 mm. The sputtering pressure was kept a 5 x 10 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 x 25 x 1 mm®) and on KBr
crystas 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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Visible transmission spectra were recorded with an Specord UV-VIS, Karl Zeiss Jenain the
wave ength range: 350-800nm.The refractive index n and extinction coefficient k were calculated by
Swanepod’s method [9]. The structure of the films was examined by using X-ray diffraction with
Cu K, radiation in a standard X-ray diffractcometer (DRON). The conductivity of the films was
recorded by a four probe methods that is sensitive for resistivity up to 10" Q.cm

3. Results and discussion

X-ray diffraction’s analysis revedled that all the TiO, films deposited under 150 °C were
amorphous. The conductivity of the films at room temperature (300 K), was found to be of the order
of 10® Q*em™, that corresponds to the composition of the film close to the stoi chiometric one.

Table.1 Sputtering conditions for TiO, thin films.

Sputtering Gas flow Deposition Support Ratio

Sample pressure Ar/O, rate temperature Ar/O,
[Torr] [sccm] [nm/min] [°C]

TiO,-D1 2.10° 19.20 6.67 150 50/50

TiO,-D5 1.10° 50.60 5.45 300 75125

TiO,-F1 2.10° 46.11 5.71 300 90/10

There were recorded the transmission spectra for the TiO, films and the glass substrate.

Fig. 1 shows the absorption spectra for three films whose deposition parameters are presented in
table 1.
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Fig .1. The absorption o versus hv for TiO, thin films. Fig. 2. Transmission spectrafor TiO, films

deposited at various flow rates.

For low Ar/O; ratio the band gap is 3.13 eV, while for higher va ues of the Ar/O, the TiO,
band gap increases up to 3.38 €V.

In Fig. 2 there are shown the transmissions spectra for two films deposited at various flow
rates. The first film was grown at high gas flowing rate, about 50 sccm (standard cubic centimeter
per minute) and the second one was prepared at a low gas flowing rate, ~ 2 sccm. The gaseous
mixture, consisting of 75% argon and 25% oxygen, was admitted in the vacuum chamber at various
flow rates by varying the absorption power of the diffuson pump. The thicknesses of the films
deposited at different gaseous flow rates was about 0.6 um. The interference fringes in the
transmission spectrum of the films grown at a flowing rate of 50 sccm prove a very different
thickness as compared to that of the second film.
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Fig. 3. Refractive index coefficient for TiO, Fig. 4. Extinction coefficient for films deposited
films deposited at various flow rates. at various flow rates.

In Fig. 3 and Fig. 4 are shown the refractive index and extinction coefficient for TiO, films
deposited at various flow rates.

From Figs. 2 - 4 one observes that there is a drastical modification in optical parameters of
TiOz2 thin films when low gas flowing rate is changed with a high flowing rate. This change could

be related to the poor oxidation of titanium at the substrate surface, for high gas fllowing rate.
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Fig. 5. Electrical conductivity versus pressure of TiO- thin films.

Fig. 5 shows a surface desorption behavior of TiO, thin films as a function of the pressurein
the deposition space. One observes a strong modification in e ectrical conductivity with the pressure.
This behavior was observed only for air and was not observed for inert gases (N, O,, CH,).

An activation pressure of about 35-40 mm Hg, for this effect was found.

4. Conclusion

The properties of TiO, thin films deposited by DC magnetron procedure are reported. There
was shown that it is possible to grow films with different band gap width. The method is suitable for
the preparation of separate films with different band gap width or for TiO, sandwich based structures
with different band gap width films for optical or eectrical purposes.
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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 partia pressure (10% oxygen
and 90% argon), arefractive index of 2.8 at 400 nm being atypical value for TiO,. The refractive
index increases for TiO, thin films deposited at higher vaue of gas flowing rate. The extinction
coefficient increases when the films are deposited at lower gas flowing rate.

In order to prepare high quality TiO, 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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