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Nitrogen-doped titanium oxide (TiOxNy) thin films were prepared by reactive magnetron sputtering from titanium metal target in gas
mixtures of argon, oxygen and nitrogen. Films with different composition were obtained by varying O2:N2 flow rate. The structural and
optical properties of the films were studied by x-ray diffraction technique and UV-Vis spectroscopy respectively. X-ray spectra for different
O2:N2 rate values show that TiO2 films grown with lowest amount of nitrogen in the chamber are more crystalline. The nitrogen concentration
in the growth chamber modifies the TiO2 phases of the films favoring anatase phase. For the highest N2 concentration the diffractogram
shows that only TiN is present in the film. Both optical transmission and band gap increases with oxygen/nitrogen ratio. In other hand, when
oxygen/nitrogen ratio values are lowest, TiOxNy films are opaque and optical absorption edge are shifted to low values.

Keywords:TiOxNy films; reactive magnetron sputtering; crystalline structure; transmission spectra; optical absorption edge.

Peĺıculas de díoxido de titano dopadas con nitrógeno (TiOxNy) fueron preparadas por la técnica de RF-sputtering reactivo con magnetrón a
partir de un blanco de titanio metálico en una mezcla de gases argón, ox́ıgeno y nitŕogeno. Se obtuvieron pelı́culas con diferente composición
variando la relacíon de flujos O2:N2. Las propiedades estructurales yópticas fueron estudiadas por difracción de rayos X (DRX) y por
espectrofotometrı́a UV-Vis respectivamente. Los espectros de rayos X para las muestras preparadas con diferentes fracciones O2:N2 muestran
que las pelı́culas crecidas con bajas concentraciones de oxı́geno en la ćamara son ḿas cristalinas. La incorporación de nitŕogeno en la
cámara de crecimiento modifica las fases del TiO2 de las peĺıculas obtenidas, favoreciendo la formación de la fase anatasa. Para la mayor
concentracíon de nitŕogeno el difractograma muestran que en la pelı́cula solo se encuentra TiN. Tanto la transmisión óptica con el ancho
de banda de energı́a prohibida incrementa con la fracción ox́ıgeno/arǵon. Por otro lado, cuando la fracción ox́ıgeno/arǵon en pequẽna, las
peĺıculas de TiOxNy son opacas y su borde de absorción cambia a valores menores que los del TiO2.

Descriptores:Peĺıculas de TiOxNy; sputtering reactivo con magnetrón; estructura cristalina; transmisión óptica; borde de absorción óptica.

PACS: 68.18.Fg; 68.47.Gh; 78.20.-e

1. Introduction

Titanium dioxide (TiO2) is an efficient and well studied semi-
conductor for various photodriven applications, such as in
photocatalysis [1] and photoelectrochemical cells [2,3]. TiO2

is known as the best photocatalytic material [4,7]. Nanoparti-
cles and polycrystalline thin films are easily produced by dif-
ferent methods and show good stability under illumination in
most environments, however, the main drawback of this ma-
terial is the need for activation of its photocatalytic activity by
UV light. It is desirable to red-shift the photoactivity onset
to also include the less energetic but more intense visible part
of the solar spectrum. A considerable effort is devoted to the
development of TiO2-based materials with an energy band
gap which exhibit photocatalytic activity under visible light.
This characteristic of the TiO2 material can be improved by
doping with nitrogen, carbon or flour atoms [6,8]. The incor-
poration of nitrogen into TiO2 changes properties such as the
refraction index, hardness, elastic modulus and electric con-
ductivity of TiO2. In spite of the fact that there are already
some papers reporting on photocatalytic TiOxNy films [9,16]
and has been demonstrated that these films exhibit the photo-
catalytic activity under visible light.

However, the formation of photocatalytic TiOxNy films
operating under visible light is not mastered yet, N doping
needs to be optimized.

In this work, we growth TiOxNy films by reactive mag-
netron sputtering from a titanium metal target in a mixture of
argon/nitrogen/oxygen gases and study the effect of nitrogen
doping of the TiOxNy film on their crystallinity and optical
properties.

2. Experimental

The TiOxNy films were prepared on quartz substrates by
reactive RF-magnetron sputtering from titanium metal tar-
get in an Ar/O2/N2 plasma. The distance between the sub-
strate holder and the target was 80 mm and the base pressure
was 4×10−3 Pa. The target RF power was 150 W and the
substrate was heat up at 400◦C. Sputtering was performed
at a pressure of 4 Pa and the gas composition was modu-
lated with various O2/N2 flow rates at a fixed flow of Ar at
33.8×10−3 Pa-m3/s. Total gases flow was 42.2×10−3 Pa-m3/s.
The samples were prepared at the relative concentrations of
the reactive gases O2:N2 = 100:0, 75:25, 50:50, 25:75, 20:80,
15:85 and 0:100%. The structure of the films was determined
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with a Bruker X-ray diffractometer (XRD) using the Kα line
of a cupper X-ray source operated at 40 kV and 150 mA.
The ultraviolet–visible (UV–Vis) transmission spectra of the
films were recorded with a Hitachi 3300H spectrophotome-
ter. The films were deposited on quartz to avoid the UV–Vis
absorption of the substrate in the range of 200-900 nm.

FIGURE 1. X-ray diffraction pattern for films deposited with var-
ious O2:N2 flow rate. Figure shows some representative spectra.

FIGURE 2. Transmission spectra for representative samples of
TiOxNy films on quartz substrates as function of the photon wave-
lengthλ.

FIGURE 3. The optical band gapEgof the TiO2 and TiOxNy films
evaluated from the transmittance spectra in the range from UV to
visible light using the Tauc plots.

3. Results and Discution

Figure 1 shows the XRD patterns of the films. As can be seen
in this figure the TiO2 film (film prepared with O2:N2=100:0)
exhibit well-crystallized anatase phase with a small peak re-
lated with the (110) plane of the rutile phase. When the nitro-
gen flow increases the films maintain anatase phase but the
crystallinity decrease. The diffracted peaks become broad-
ened and shifted to lower angular side. The film prepared
with the highest nitrogen flow shows mainly a tetragonal tita-
nium nitride (TiN) structure with the preferential reflections
of (200), (220) and (311).

At low nitrogen flow on the sputtering chamber the nitro-
gen incorporated in the films has the only effect to modify the
crystallity of them.

The transmission spectra of sputtered films are showed in
Fig. 2. As the figure shows, addition of nitrogen into depo-
sition chamber changes the optical transmission of TiOxNy

films. Films prepared with lower nitrogen flow are transpar-
ent while films with higher nitrogen flow are opaque to the
visible light. It can be seen that nitrogen incorporation on
sputtering chamber results in a shift of the absorption edge
to higher wave length. Films prepared with 100:0, 50:50
and 25:75% flow rate are transparent and its absorption edge
are like to TiO2. This result is in good agreement with X-ray
diffractogram in which TiO2 anatase and rutile phases are
present on the films. As the nitrogen flow is increased up
to 75%, the absorption edge of the films shift to the red. This
can be ascribed to the broadened and shifted to lower angular
side on diffracted peak show by the film. Finally, the highest
nitrogen concentration in the sputtering atmosphere increases
the nitrogen incorporation in the film and destroys the TiO2

phases on the TiOxNy films showing an opaque film related
with a tetragonal TiN in agreement with X-ray diffractogram.
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The optical band gapEg of films was determined from
the following formula [17,18]:

αhν = B
1
2 (Eg − hν)

1
2 (1)

To calculate the optical band gapEg, the experimental
data measured in the UV and visible range were arranged in
Tauc plots see Fig. 3. It can be seen that films prepared with
lower nitrogen flow exhibit a double optical band gap. High-
est optical band gap can be attributed to amorphous phase
present on the films, around of 3.5 eV, and this result in
good agreement with those report on literature [16]. By other
hand, lowest optical band gap corresponds to TiO2 anatase
phase present on films, its value is of∼ 3.2 eV. Films pre-
pared up to 75% nitrogen flow else show a double optical
band gap. Highest optical band gap correspond to titanium
nitride (2.5 eV approximately); lowest optical band gap can
be attributed to TiOxNy phase present on films. For films
prepared with O2:N2=20:80% and O2:N2=15:85% gap value
are around of 2.07 and 1.86 eV respectively. With slight O2

flow the films exhibit a shift on its optical band gap to visible
region.

4. Conclusion

TiOxNy thin films have been successfully prepared by RF-
magnetron sputtering in a mixture Ar/O2/N2 on heated quartz
substrates. This method makes it possible to prepare TiOxNy

films with anatase phase.

It was shown that the structure and optical properties of
these films are strongly dependent on the amount of nitro-
gen contained on sputtering chamber and films prepared whit
O2:N2=20:80% and O2:N2=15:85 % exhibit a shift on its op-
tical band gap to visible region.
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