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Titanium oxide (TiO2) and nickel-doped TiO2 thin films were deposited onto glass substrates by reactive DC
magnetron sputtering technique at different oxygen contents. Then, prepared films were annealed at temperatures
of 300 and 500 ◦C. Influence of O2/Ar ratio, nickel doping and annealing temperature on structural, morphological
and optical properties of TiO2 thin films were studied and discussed. The XRD analysis results have confirmed
the amorphous nature of the films. The results show that increase of annealing temperature and oxygen content
in argon-oxygen gas mixture have lead to an increase of films transparency. By doping the TiO2 with nickel the
optical band gap energy has slightly decreased. AFM analysis results have shown that the surface morphology of
films is effectively influenced by annealing temperature.
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1. Introduction

Titanium oxide (TiO2) thin films, owing to their ex-
cellent properties including, chemical stability, low cost,
large optical band gap and photocatalytic activity at vi-
sible light [1–4], have attracted much attentions in re-
cent years. Metal and nonmetal doping of TiO2 have
been used to extend the absorption edge towards the vi-
sible light range and to improve the photocatalytic acti-
vity [5–8]. Several physical and chemical methods have
been reported for growth of TiO2 and doped-TiO2 thin
films [1–8]. In this work, nickel doped TiO2 thin films
were grown on glass substrates by means of DC reactive
magnetron sputtering. Many factors, such as prepara-
tion method, deposition parameters, amount and type
of dopants and annealing process, can affect the physi-
cal properties of TiO2 thin films. Therefore the focus of
this work is to investigate the effect of O2/Ar ratio and
annealing temperature on structural, morphological and
optical properties of TiO2 and Ni-doped TiO2 thin films.

2. Experimental details

TiO2 and Ni-doped TiO2 thin films were deposited on
glass substrate by reactive DC magnetron sputtering of
Ti target in gas mixture of Ar and O2 at a fixed total pres-
sure and varying gas composition (20% O2, 80% Ar and
40% O2, 60% Ar). The titanium target was 75 mm in di-
ameter, with 3 mm thickness, 99.999% purity. Nickel pie-
ces (8.5 mm in diameter, 2 mm in thickness, 99.99%) were
fixed on the titanium target, for doping TiO2 films. Thus
the concentration of nickel doped into the TiO2 films can
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be controlled simply by adjusting the area of nickel pie-
ces, fixed on the titanium target. The glass substrates
were ultrasonically cleaned with acetone and ethanol be-
fore introducing into the deposition chamber. The tar-
get to substrate distance was kept at 7 cm. The base
pressure was 3.5 × 10−5 mbar and the pressure during
deposition was about 6.5×10−3 mbar. Sputtering power
of 140 W was used and all films were deposited during
60 min. Finally, the prepared films were annealed in oxy-
gen atmosphere at temperatures of 300 ◦C and 500 ◦C for
60 min. Structural properties of the prepared films were
analyzed by X-ray diffraction (XRD, Philips, pw 1800)
with Cu Kα radiation. The surface morphology of the
deposited films was examined by atomic force microscopy
(AFM, Park Scientific Instrument, Auto probe cp USA)
and the optical transmittance spectra of the films were
measured using a spectrophotometer (CARY 500 Scan)
in the range of 200–1100 nm.

3. Results and discussion

The XRD patterns of the pure and Ni-doped TiO2 thin
films prepared at different O2 contents after annealing at
300 ◦C are shown in Fig. 1. We can observe a broad peak
at 2θ = 24◦ in all XRD patterns, which is due to glass
substrate. The absences of any clear peaks in XRD pat-
terns suggests that the films are amorphous. The films
prepared at annealing temperature of 500 ◦C also exhibit
an amorphous-like nature. The XRD patterns of these
films are not shown here.

The optical transmittance spectra of the annealed films
at temperatures of 300 ◦C and 500 ◦C in the wavelength
range 200–1100 nm are shown in Fig. 2A and B, respecti-
vely. The spectra reveal that TiO2 thin films are trans-
parent in the visible region and transparency exhibits a
sharp decrease in the ultra violet region. All Ni-doped
TiO2 films are also transparent and colorless, similar to
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Fig. 1. The XRD patterns of the TiO2 and Ni-doped
TiO2 films after annealing at 300 ◦C.

pure TiO2 films. Doping of TiO2 with Ni leads to decre-
ase of average transmittance due to the structure distor-
tion of TiO2 thin films. Also the transmittance increases
gradually by increase of O2 content in (Ar+O2) gas and
of annealing temperature. Furthermore, the absorption
edge of Ni-doped TiO2 thin films is slightly shifted to-
wards visible range [4–8].

Fig. 2. Transmittance spectra of the TiO2 and Ni-
doped TiO2 films after annealing at (A) 300 ◦C and
(B) 500 ◦C.

The absorption coefficient α was calculated from the
optical transmittance T using the Lambert formula,
α = 1/t ln(1/T ) [9] where, t is the thickness of films.
The direct optical band gap Eg of the films annealed at
temperature of 300 ◦C was calculated from the plot of
(αhν)2 versus photon energy hν, by extrapolating the li-
near portion to zero absorption coefficient (α = 0) [9, 10].
Figure 3 shows the plot of (αhν)2 versus photon energy
hν of the pure TiO2 and Ni-doped TiO2 films after an-
nealing at temperature of 300 ◦C. The optical band gap
value of non-doped TiO2 thin films prepared at (20%
O2, 80% Ar) and (40% O2, 60% Ar) was 4.08 eV and
4.1 eV (Fig. 3a and b), respectively. After doping of TiO2

thin films with Ni, the band gap values have changes to
4.04 for Ni doped TiO2 (20% O2, 80% Ar) (Fig. 3c) and
4.07 eV for Ni doped TiO2 (40% O2, 60% Ar) (Fig. 3d).
The optical band gap values, estimated by Tauc plots,
are greater than the values of bulk band gap of TiO2,
which indicates the formation of nanoparticles [3]. Opti-
cal band gap also slightly decreased with doping of TiO2

thin films with nickel.

Fig. 3. The plot of (αhν)2 versus photon energy hν of
the TiO2 and Ni-doped TiO2 films after annealing at
300 ◦C (a) TiO2 (20% O2, 80% Ar), (b) TiO2 (40% O2,
60% Ar), (c) Ni-doped TiO2 (20% O2, 80% Ar) and (d)
Ni-doped TiO2 (40% O2, 60% Ar).

Fig. 4. 3D AFM images of the TiO2 and Ni-doped
TiO2 films after annealing at 300 ◦C and 500 ◦C. (a,
e) TiO2 (20% O2, 80% Ar), (b, f) TiO2 (40% O2, 60%
Ar), (c, g) Ni-doped TiO2 (20% O2, 80% Ar) and (d, h)
Ni-doped TiO2 (40% O2, 60% Ar).

Surface morphology of thin films is one of the most im-
portant factors that can influence the application of films.
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Therefore, surface morphology and the roughness of the
prepared films were examined by AFM analysis. The
three-dimensional AFM images of the deposited films
are shown in Fig. 4. The scan area for all images was
2× 2 µm2. The surface roughness of films is very small.
For the films annealed at 300 ◦C the root means square
(RMS) roughness was in range of 0.46–1.12 nm and by
increasing the annealing temperature to 500 ◦C the RMS
roughness was increased and has reached the range of
2.52–7.24 nm. We can observe that the surface mor-
phology of films was highly influenced by O2/Ar ratio,
dopants and annealing temperatures [3, 7, 11–14].

4. Conclusions

Transparent TiO2 and Ni-doped TiO2 films were grown
on glass substrates by reactive DC magnetron sputtering
method. The XRD results have shown that the prepared
films were amorphous. The films surface morphology is
effectively influenced by O2/Ar ratio, dopants and anne-
aling temperatures. All Ni-doped TiO2 films are trans-
parent and colorless, similar to pure TiO2 films. Doping
of TiO2 with Ni has led to a decrease of average transmit-
tance. The optical band gap values, estimated by Tauc
plots, are greater than the values of bulk band gap of
TiO2, which indicates the formation of nanoparticles. It
was found that the optical band gap slightly decreased
at doping of the TiO2 with nickel.
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