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Abstract: TiO2 thin films were fabricated using reactive direct current magnetron sputtering for the possible utilization as visible 

and/or IR-light photodetectors. The structure, chemical composition, morphology, optical and I-V characteristics were examined. 

X-ray diffraction inferred the existence of body centered tetragonal anatase crystallographic phase oriented around (101) plain. 

The chemical compositional analysis via EDAX indicated TiO2.1 stoichiometry. Nanoparticle morphology that is uniformly 

distributed were observed by SEM investigations. High transmittance over the visible and near spectral ranges with optical band 

gap of 3.29 eV were observed for the TiO2 thin films. The generated light current values at 1 V bias voltage were 0.251, 0.160 

and 0.149 µA/cm2 for illumination with light of 440, 540 and 730 nm, respectively. The reported TiO2 based photodetector has 

good sensitivity comparable with the previously published works which infers that it may be used in environmental sensing 

applications. 
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1. Introduction 

Now a days monitoring the environment requires a 

broad-range of photodetectors from the ultraviolet (UV) to 

the infrared (IR) [1,2]. For example, detection of pollution 

mainly depends on UV spectroscopy, where the detectors 

measure the absorption lines strength for these pollutants 

such as ozone, nitrous oxides, and sulfur dioxide. 

Fluorescence spectroscopy capable of detecting very small 

amounts of pollutants such as sulfur oxides, benzene, xylene 

and toluene, which can be measured at a parts-per-billion 

level [3]. To monitor solid particulates in water and air, 

more straightforward techniques are utilized. In this case, 

the quantity of scattered light via the particles gives a 

measure for levels of pollution. In many cases ample light is 

available, so photodetectors may be utilized, taking 

advantage of their fast response times and robustness [4]. 

As a semiconductor titanium dioxide (TiO2) is 

characterized by a wide band gap (> 3.0 eV), low cost, high 

stability and photo-active properties. Therefore, it has 

received a significant interest and it has found numerous 

applications in various fields such as solar cells [5], energy 

storage [6], photocatalytic, antioxidant and antibacterial 

applications [7,8], photodetectors [9], etc.  

In the field of photodetectors TiO2 based 

photodetectors have common view over photodetectors 

including better control, good sensing properties, enhanced 

catalytic activity, self-sufficiency, better communication 

proficiencies, response speed and high sensitivity with low 

cost user-friendly [10]. Therefore, TiO2 based 

photodetectors have become an important semiconductor 

device because of their applicability in different day-to-day 

life appliances like environmental monitoring, compact 

smoke detectors, optical communication, imaging, remote 

control, chemical analysis and disk players [10-14]. 

However, there is remaining a challenging task which is the 

fabrication of a very thin TiO2 based photodetector device 

[15]. Therefore, in this work the TiO2 thin films with 

thickness of 230 nm were prepared using direct current (dc) 

reactive magnetron sputtering as visible and/or IR-light 

photodetectors. Moreover, the crystal structure, morphology 

and optical characteristic of the films were investigated.   

2. Experimental  

TiO2 thin films were deposited using dc reactive 

magnetron sputtering from metallic Ti target. The 

preparation was achieved on FTO, glass and Si (100) 

substrates which were previously heated to 200°C. 

Deposition was started after reaching a base pressure of 3.1 

× 10-7 mbar. Ar and O2 of 75 and 25 sccm, respectively, 

were used for the deposition of the films. The deposition 

was achieved at constant power of 100 W. The working 
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pressure was 1.2 × 10-2 mbar. The film thickness was fixed 

to 230 nm by controlling the deposition time.   

ZEISS scanning electron microscope (SEM) was used 

to examine the surface morphology. The chemical 

composition of the films was estimated from the energy 

dispersive analysis of X-ray (EDAX) unit which is attached 

to the SEM. The crystallographic identification was 

achieved using X-ray diffraction (XRD) model Bruker D8 

ADVANCE diffractometer. The PEAK UV-Vis-NIR 

spectrophotometer (model C-7200) was utilized to measure 

transmittance (T) and the reflectance (R) of the films. 

The characteristics of the TiO2 photodetector on FTO 

substrates were conducted on CHI660E electrochemical 

workstation. The I-V measurements were carried out in the 

voltage range from -1 to +1 V. 100 mW/cm2 xenon lamp 

was utilized as simulated light source, in which 

glass/FTO/TiO2 presents the photoelectrode. Silver paste 

was used to make the electrodes on two sides of the 

photodetector. The effect of monochromatic light 

wavelength on the performance the deposited photodetector 

was investigated with 440, 540 and 730 nm wavelengths. 

The light reproducibility was assessed via on/off chopped 

current measurements with time. The measurements were 

done at atmospheric conditions and at room temperature. 

3. Results and discussions  

3.1 EDAX, XRD, SEM and optical examinations 

Fig. 1 shows EDAX spectrum of sputtered film on Si 

(100) substrate. Oxygen and titanium peaks are existing 

together with silicon and small carbon peaks. The silicon 

peak comes from the Si (100) substrate and the carbon peak 

comes from the contamination of the film's surface by the 

hydrocarbons after sputtering or during the EDAX 

measurement. The estimated Ti and O atomic percentage 

ratios are 31.76 at.% and 68.24 at.%, respectively. Thus, the 

obtained stoichiometry is TiO2.1. The excess oxygen in the 

film may be physically trapped, chemically bonded and/or 

adsorbed on the surface [16].  

 

 Fig. 1: Typical EDAX spectra of TiO2 thin film deposited on Si 

(100) substrate.  
  

Fig. 2 displays the XRD pattern of the sputtered TiO2 

thin film on glass substrate. The pattern of pure TiO2 

displays several crystalline peaks which are indexed to body 

centered tetragonal anatase crystallographic phase (COD: 

01-089-4921). The phase is highly oriented around (101) 

plain. The crystallite size (L) is calculated from the Scherrer 

equation using (101) peak.  

𝐿 =
𝐾𝜆

𝛽𝑐𝑜𝑠𝜃
    (1) 

where λ (nm) is the wavelength of the XRD radiation, β is 

the full width at half maximum of peaks (101) in radian 

located and K is the shape factor which is usually taken as 

about 1. The obtained L value is found to be 18.3 nm. 

 

Fig. 2: XRD pattern of TiO2 thin film deposited on glass substrate.  
 

Fig. 3 presents the surface morphology of the TiO2 

film displayed from SEM. The film exhibits quite 

homogeneous and uniform nanoparticles morphology. The 

diameters of nanoparticles are in the range 10–36 nm. 

Besides to nanoparticles there are small pinholes-like 

nanodefects. Similar morphology was reported previously 

for titanium oxynitride films prepared by dc reactive 

magnetron sputtering [18].  

 

 Fig. 3: SEM image of TiO2 thin film deposited on Si (100)     

substrate.   
 

The optical reflectance and transmittance of TiO2 film 

on glass substrate as functions of wavelength are presented 

in Fig. 4. The transmittance of TiO2 is high over the entire 

visible and near infrared ranges. Some interference fringes 

are observed in both transmittance and reflectance due to 

the difference in refractive index between TiO2 and air, and 

TiO2 and glass. The existence of the interference fringes 

infers the good quality of the films.   
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The absorption coefficient (α) of TiO2 film is 

calculated from the reflectance and transmittance spectra 

and thickness (d) of the film via the equation: 

 𝛼 =
1

𝑑
𝑙𝑛 (

1−𝑅

𝑇
)                               (2) 

The optical band gap (Eg) is obtained by proposing 

allowed indirect transition from Tauc's formula: 

 (𝛼ℎ𝜈)
1

2 = 𝐴(ℎ𝜈 − 𝐸𝑔)   (3) 

where  is to the frequency of the incident light and A 

is a constant. Fig. 4b presents the (𝛼ℎ𝜈)
1

2 versus hν plot 

with the linear fit to a straight line. The Eg value is obtained 

through the extrapolation of the linear part to intercept with 

hν axis. The obtained Eg value is 3.29 eV which is very near 

to the value 3.2 of bulk anatase [19]. However, it is lower 

than the values 3.32-374 eV of TiO2 prepared by reactive dc 

magnetron sputtering at various working pressures [20]. 

 

Fig. 4: Optical reflectance and transmittance as a function of 

wavelength (a), and (𝛼ℎ𝜈)
1

2 versus hν plot (b) for TiO2 thin film 

deposited on glass substrate. 
 

3.2 The Photodetector Electrochemical characterization 

The response of the deposited FTO/TiO2 photodetector 

at different wavelengths of 440, 540 and 730 nm is 

presented in Fig. 5. Both the dark current (IDr) and light 

current (IPh) increase with bias potential. This is agreement 

with the reported results for TiO2 photoelectrodes [21]. It is 

observed that the generated dark current density (Io) at +1 V 

has a very low value of 0.046 µA/cm2, concerned to the 

original charges of FTO/TiO2 semiconductor. The generated 

Iph values at 1 V bias voltage are 0.251, 0.160 and 

0.149 µA/cm2 for illuminated light with 440, 540 and 730 

nm, respectively. It is observed that the photodetector 

responded strongly to the different light wavelengths. 

During light irradiation electron and hole pairs are photo-

produced. Thus, the decrease in IPh values with increasing 

wavelength is attributed to the disparity in the capability of 

the incident photons to generate charge carriers. This infers 

that the photodetector is capable to respond to various light 

regions with various sensitivities. The FTO/TiO2 

photodetector has the highest sensitivity in the visible 

region. 

 

Fig. 5: The response of the deposited FTO/TiO2 photodetector at 

different wavelengths.    

 

        Fig. 6 displays multiple photo-switching cycles at a 

bias potential of 1 V. It is observed that the elevation time is 

almost the same as the decay time. This infers that 

photogenerated carriers in FTO/TiO2 photodetector are fast 

in both generatio n and recombination which confirms the 

fast charge transport rate. The response speed is a 

substantial property for the photodetector, which indicates 

how fast the high- and low-current states can be changed. 

The response times (fall and rise times) are set as times 

needed for the current to increase from 10% to 90% or 

decrease from 90% to 10% of the highest value after on/off 

cycling. The time of response is almost 6 s. Table 1 shows a 

comparison between the sum of the devices previously 

published and the TiO2 based photodetector reported in this 

work. The FTO/TiO2, presented in this work, exhibits 

higher sensitivity (IPh/IDr) compared with other 

photodetectors. 

 

Fig. 6: displays multiple photo-switching cycles at a bias potential 

of 1 V for FTO/TiO2 photodetector.  
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Table 1: Comparison between the present FTO/TiO2 

photodetectors and some of the photodetectors published 

previously. 

 

4. Conclusion 

TiO2 thin films were deposited on onto glass, Si (100) 

and FTO substrates. XRD, SEM and EDAX analysis 

revealed single body centered tetragonal anatase 

crystallographic with nanoparticle morphology and TiO2.1 

stoichiometry that contained excess oxygen. The films have 

high transmittance over the visible and near infrared spectral 

ranges. The Eg value was 3.29 eV. The Iph values at 1 V bias 

voltage were 0.251, 0.160 and 0.149 µA/cm2 when 

irradiated with light of 440, 540 and 730 nm wavelength, 

respectively. The FTO/TiO2 photodetector has good 

sensitivity and it may be used in environmental sensing 

applications.  
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