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Titanium dioxide thin films are widely used in drgdied fields of application such as building nrétks,
cosmetics, pigments, solar cells and biomateriaéstd theiroutstandingoroperties [1]. The film properties can
be controlled by changes of their structure. Mdsthe experimental efforts have focused on theogién
incorporation and determination of its locatioroithe film crystal structure [2].

The aim of this work is to determine the influernde¢he nitrogen doping on the Ti@tructure. The attention
has been focused on crystallinity, chemical contiosand chemical bonds of N-Ti@lIms.

N-containing titanium oxide (N-Ti¢) thin films were deposited on stainless steel sates (2Cr18Nil0T)
using homemade magnetron sputtering system UVN-20@dmsk Polytechnic University). The oxygen (in
case of TiQ) and the mixture of oxygen and nitrogen with diffet ratios (in the case of N-TiDwere used as
working and reactive gases. A commercially purantiim (Ti) VT-1.0was used as target for sputtering. The
deposition parameters were the following: workimggsure in the chamber: 0.1 Pa, current: 3 A, poWw&W,
working gas in-leakage rate: 5 ml/min. The padia$ pressure ratigO,)/p(N,) was 1/1 or 1/3.

The structural characterization of N-Lifims was carried out by Bruker D8 Advance X-raffrdctometer
(XRD) in 6/20 geometry. All the samples were measured in thémaoous scan mode in ti2¥ range of 10—70°.
Measurements were obtained at 40 kV, 20 mA withuK@ radiation {= 0.15418 nm), a step size of 0.02°. For
the phase analysis of the thin films the PDF-4 lulzda of International Center for Diffraction Dal@D) was
used. The crystallite size was calculated usingsitieerrer equation.

The elemental analysis of these films was carriedby using an energy dispersive X-ray analysis SED

analysis system Genesis 4000). The chemical bdradsaere present in the films were detected usifrgried
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spectroscopy (IR). Optical absorption spectra vedrtained with the use of a Termo Nicolet 5700 spactter

in the range 400-4000 ¢
Three groups of samples were used for the studgs&lgroups and the data of elemental compositien ar

represented in Table 1.

Table 1
Elemental composition of N-Tj@hin films
Sample N, at.% O, at.% Ti, at.%
#1 TiO, - 84.41 15.59
#ll Ti-O-N (1/1) 5.71 80.27 14.02
#lII Ti-O-N (1/3) 6.16 80.01 13.83

The X-ray diffraction patterns of N-Tidilms shownin the figure 1 (a) illustrate the changing of tirgstal
structure of the films as a function of the N contd he films consist of the mixture of anatase autde with
tetragonal structure (see figure 1), and theresamee peaks from substrate materiaF€, body-centered cubic).
Regardless of the substituted nitrogen concentratioere is no presence of TiN phases. Increasfnthen
amount of incorporated nitrogen leads to decreasfrtbe share of anatase phase and increasingilef ones.
The XRD analysis of N-Ti@films shows that the increase of N concentratiothe film changes the intensity
of diffraction peaks (Fig.1 (b)). This can be asated with the changing of the phase compositiotheffilms.
The broadening of anatase (101) and rutile (118kgeccurs with the increase N concentration (Rig))Lalso.

This can be explained by the decrease of crygtaite and presence of microstrains [3].
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Fig. 1. XRD diffraction patterns of N-Ti@ilms as function of nitrogen content: 1 — N =20+ N =5.71
at.%; 3—-N=6.16 at.%

The calculation of the crystal size showed the cddn of crystallites from 15 nm to 8 nm with thigrogen

increase. The amount of anatase decreases fromid®2%286 while as the amount of rutile increase fi@8f0o to

68% with the nitrogen increasing.
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The FT-IR spectra of N-TiQare shown in Fig. 2. The bands between 464 andB8bare attributed to the
vibration of Ti~O—Ti bond [4]. The peaks in the rangf 700-705, 791-796, 1370-1390 teprresponds to Ti-O
stretching and Ti-O-Ti bridging stretching modeg [bhe weak peak at around 1300 cm-1 is observeatian
spectra of N-doped samples, which can be attribiatét+O stretching vibration [5].
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Fig 2. FT-IR spectra of three groups samples: 1 Fi®,; 2 — #I Ti-O-N; 3 — #11l Ti-O-N

Thereby, the incorporation of nitrogen in the Ti@ttice leadsto the structural changes of the films. The
transition from anatase to rutile takes place, #rad crystallites size reduceatlie to an increase in nitrogen

concentration
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