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Abstract - During this last decade, the TiO2 based solar cells is one of most focused research 
because they offer the perspective of very low coast fabrication and present attractive features that 
facilitate market entry, especially after the Grätzel work, which have showed that is possible to have 
a respectable efficiency of 11% for a very low coast comparing with that of silicon solar cells. Sol-
gel is the most utilized method for coating the low coast TiO2 films on any substrates. However the 
major problem of this method is related to a bad electrical connectivity of TiO2 nanoparticules 
between them and with the substrate, which is a consequence of disordered nature of films. For 
resolve this problem, the magnetron sputtering have been utilized for coating a nano-crystalline TiO2 
thin film on unheated substrate (conductive glass or polymer). In the present work we focused our 
attention on the influence of coating parameters on the deposed film microstructure. For this, we 
have deposited the TiO2 films under different argon and oxygen gas flow ratio. X-ray diffraction 
(XRD) measurements have been effected on samples to know the phase (anatase or rutile). The 
morphology had been revelled by the scanning electron microscopy (SEM) and Atomic force 
microscopy (AFM). The rough mean square (RMS) was deduced from AFM data’s. XRD results show 
that the rutile phase is dominant at low pressure range (0.3-0.6 pa) whereas the anatase phase is 
predominant in the high pressure range (0.8-2 pa) with slight heat treatment by increasing the target 
current. Also, for the constant value of pressure (2 pa) when the flow ratio O2/Ar change, the 
crystalline orientation of the anatase phase is faintly modified. The SEM and AFM data reveals that 
the roughness depends strongly of the total pressure and the scan size respectively. So, the 
parameters for the best photovoltaic performance were deduced from the morphological and 
structural characteristics. 

 
1. INTRODUCTION 

Titanium dioxide is a semiconductor witch presents various useful applications due to her 
photo-conversion properties in the UV spectrum range. Since 1991, dye sensitized solar cell (or 
Grätzel cell) based on this material has attached much interest for her appreciable efficiency of 10 
% for the low cost manufacturing [1, 2]. The operating principle of this solar cell is summarised 
in Fig. 1. Colloidal chemistry is a standard way to prepare nanostructured TiO2 films for 
photovoltaic applications [3], which make it possible to realize porous electrodes with high 
surface areas. However, Gómez et al. have recently reported efficiencies as high as ~7 % for dye-
sensitized solar cells based on sputter deposited titanium oxide [4-6]. This new type of dye-
sensitized solar cell is especially attractive since DC magnetron sputtering does not require a 
stage of heat treatment until 450°C, contrary to sol-gel method, therefore the use of conducting 
polymeric substrates is possible. Also, the TiO2 magnetron sputtered films have a better electronic 
transport than TiO2 sol-gel coated films [9]. 

The present work is a continuation of some studies on sputtered titanium oxide films for 
photovoltaic applications [8]. Here we investigate the influence of the total pressure and O2/Ar 
gas flow ratio during the preparation of the titanium oxide films on their structural and 
morphological properties. Film deposition is described in Section 2. Section 3 then reports on the 
analysis of the samples by use of X-ray diffraction (XRD), scanning electron microscopy (SEM) 
and atomic force microscopy (AFM). 
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2. EXPERIMENTAL 
Titanium oxide films were sputter deposited in a unit based on a Alcatel PVD 650 vacuum 

chamber. DC magnetron sputtering was performed from a 20-cm-diameter metallic plate of Ti 
(99.9 %) in an atmosphere of Ar (99.998 %) and O2 (99.998 %). The O2/Ar gas flow ratio was 
kept at a constant value Ã during each deposition by mass-flow-controlled gas inlets. The target-
substrate separation was 10 cm in a geometry described in the Fig. 2. 

 
Fig. 1: Operating principle of Grätzel cell [10] 

 
Fig. 2: PVD geometry chamber 

The table 1 summarise all coating parameters for each sample. Depositions were made onto 
glass substrates. During the deposition, some substrates (from N°5 to 7) were heated to 250° C by 
increasing the target current I from 1.5A to 2.5A. 

The X-ray diffraction (Philips X’Pert MPD θ-20 with a Cu anode) is used to characterise the 
structure of the films. The morphology/topography of the surface of the coatings was observed 
using a scanning electron microscopy (JEOL JSM-5800LV 25 keV) and atomic force microscopy 
(Digital Instruments Nanoscope III with an AFM tapping mode). 

Table 1: Coating parameters 
samples Γ (%) Pt (pa) I (A) 

01 16.66 0.305 1.5 
02 33.33 0.674 1.5 
03 11.11 0.868 1.5 
04 22.22 0.972 1.5 
05 11.66 2.045 2.5 
06 12.5 2.062 2.5 
07 13.33 2.071 2.5 

3. RESULTS AND DISCUSSION 

3.1 X-ray diffraction 
The XRD results are shown in Fig. 3. The total pressure has a major influence on crystal 

structure (Fig. 3.a). In fact, we note that the rutile phase is dominant in the low pressure range 
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whereas the anatase phase is at a high pressure range, but starting from a certain critical pressure 
(0.9 pa), the amorphous structure appears. This is due to lower particle energy of TiO2 who have 
crossed the high pressure plasma gas with a low mean free path. 

The aim of this work consists in making deposits of TiO2 in anatase phase while trying to 
have a high surface area, therefore while remaining in the high pressures range. For this, we 
succeeded has to make reappear this phase under these conditions, by an increasing of target 
current (Fig. 3.b). The variable parameter in this case is the O2/Ar gas flow ratio ( Γ ). We notice 
that this ratio has an influence on the proportions of the various anatase crystalline orientations. 
Indeed, we note that the anatase (004) changes into (112) when Γ  increases (Fig. 3.b). 

a b 

Fig. 3: X-ray diffraction of samples deposited at a target current a) I=1.5A and b) I=2.5A 

3.2 Scanning electron microscopy 
Scanning electron microscopy images are shown in Fig. 4 and Fig.5. We observe that the 

surface is smooth in the low pressure range (Fig. 4.a), whereas she tends to be rough in the high 
pressures range (Fig. 4.b). This consolidates us in the idea that it is necessary to work in the high 
pressures range to have a high surface area, all in alarming to have a good crystallinity for the 
electrons transport. 

a b 

Fig. 4: SEM images of TiO2 film coated at a) 0.3 pa and b) 0.67 pa 

Fig. 5.a and Fig. 5.b shows the TiO2 films coated at 2 pa with two O2/Ar flow ratio. We 
remark that these layers have a columnar morphology and they are rougher than those deposited 
with low pressure range. 

3.3 Atomic force microscopy 
AFM image for the sample N°5 is presented in Fig. 6. We can extract from the image two 

essentials information. The first is the width of the column, it is about 250 nm. The second is the 
rough mean square (RMS) which is given by the formula: 
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a b 

Fig. 5: SEM images of TiO2 film coated at 2 pa with a) Γ =11.11% and b) Γ =22.22% 
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where mnz  is the height of column extracted from AFM data’s. The RMS is about 7.8 nm for the 
scan size of 2×2 µm and about 25 nm for the scan size of 4×4 µm. The fact that RMS depend 
strongly of scan size is a precious indication that the surface has fractal behaviour [11]. 

a b 
Fig. 6: AFM image of sample N°5 for the scan size of a) 4×4 µm and b) 2×2 µm 

4. CONCLUSIONS 
Titanium oxide films were deposited by DC magnetron sputtering using different O2/Ar gas 

flow ratios and different total pressure. The total pressure has a great influence on the crystalline 
structure and morphology. XRD results shown that rutile, anatase and amorphous structure are 
correlated with low, mean and high pressure range, respectively. Also, the light heat treatment by 
increasing the target current can reveal the anatase phase in the high pressure range. The O2/Ar 
gas flow ratios have an effect on the crystalline orientations. The surface presents fractal 
behaviour at high pressure (~2pa). For the best photo-conversion, the optimal coating parameters 
are the high total pressure to have a high surface area, and the light heat treatment by increasing 
target current for the crystallisation in anatase phase for the best electron transport. 
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