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Abstract 
 

The Rutherford backscattering (RBS), spectrophotometer analysis, morphological 

and electrical properties of TiO2/CoO core-shell thin films were studied and reported 

in this paper. This study was within the ultraviolet, visible and near infrared regions 

of electromagnetic spectrum. The films’ structural properties, morphological, 

electrical and optical properties were analysed using X-ray diffraction, scanning 

electron microscope (SEM) analysis, four point probe and spectrophotometer. The 

films’ composition and the dependence of surface morphology or microstructure and 

electrical properties of the films on the annealing temperatures were of particular 

interest in this paper. RBS results showed that the films have no impurities and there 

was no quantum size effect. SEM results showed that post-deposition sintering 

yielded better morphology films with better surface coverage and higher 

nanocrystalline character, suitable for gas sensing. Electrical resistivity measurement 

from the four point probe showed there was a decrease in electrical resistivity of the 

films from 1.532 x 10
4
 Ωm to 1.320 x 10

4
 Ωm when the annealing temperature was 

increased from 373-673K. This confirmed the semiconducting properties of 

TiO2/CoO thin films. 
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1.0 Introduction  

Titanium dioxide [TiO2] is a white solid inorganic substance that is thermally stable, non-flammable, poorly soluble and not 

classified as hazardous [1]. TiO2 is one of the most widely studied oxide thin films due to its wide range of applications such as; 

photoactivated catalyst for water and air purification, window layers for photovoltaic cells, coatings, electrochromic material and 

an electron accepting electrode for dye-sensitized solar cells [2-8]. Photo-degradation of hydrocarbons can be done in water or in 

air using suspended small particles or thin films of TiO2 [2]. High dielectric constants of titanium dioxide thin films make them 

suitable materials for capacitors in microelectronics and insulator gate in metal-insulator-semiconductor [MIS] structures [9]. 

Transition metal oxides such as TiO2, NiO, ZnO and CoO etc are the most attractive research topics in thin film technology in the 

recent times. Cobalt oxide [CoO] is a transition metal oxide that is very suitable for charge storage and with a band gap of 2.1eV, 

CoO has suitable properties for photovoltaic applications [10] and it is a p-type semiconductor. The synthesized and characterized 

Co3O4 thin film has its dc electrical conductivity increased with increase in annealing temperature [11]. CoO, Co3O4 and TiO2 

have been synthesized using a variety of methods such as chemical bath deposition technique, laser chemical vapour deposition, 

sol-gel spin coating technique and R.F. sputtering etc. 

In the literature survey, studies of core-shell oxide materials or thin films have been sparse especially TiO2/CoO films. Therefore, 

in the present study, investigations of the post-deposition sintering on the Rutherford backscattering spectrometry [RBS], 

morphological and electrical properties of TiO2/CoO core-shell thin films were carried out. This study was done within the UV, 

visible and NIR regions of the electromagnetic spectrum. 

 

2.0 Materials and Methods 

2.1 Experimental Details  

Chemical bath deposition [CBD] technique was used in this study. Five samples of TiO2/CoO core-shell thin films were obtained 

once in a bath. Four samples were sintered or annealed in an oven, model GZX-DH 30 x 31. Sintering time was 1 hour per sample 

and the range in annealing temperature was 373 – 673K while the deposition temperature was 338K. Other experimental details 

not included here, have been published elsewhere [3, 10]. 
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2.2 Thin Film Characterization  

The synthesized and deposited TiO2/CoO core-shell thin films were characterized using various techniques and analysis. 

Rutherford backscattering spectrometry [RBS] analysis was used to study the chemical compositions of the thin films, Energy 

dispersive spectrum [EDS] analysis was used to investigate the crystalline quality, scanning electron microscopy [SEM] analysis 

was used in studying the morphology of the films, X-ray diffraction [XRD] analysis was used for the structural properties of the 

films, spectrophotometer analysis was used to determine the optical and solid state properties and QUARDPRO-301 auto 

calculating four point probe was used to determine the electrical resistivity of the films. Nevertheless, only the dependence of 

post-deposition sintering on the RBS, morphological and electrical properties of the films were investigated and discussed in this 

paper. 

 

3.0 Results and Discussion  

3.1 RBS Analysis 

Rutherford backscattering spectrometry [RBS] is an ion scattering technique used for compositional thin film analysis. It is based 

on collision between atomic nuclei. It involves measuring the number and energy of ions in a beam which backscatter after 

colliding with atoms in the near – surface region of a target sample [12]. RBS is ideally suited for determination of trace elements 

heavier than the major constituents of the substrates. The RBS for plane glass substrate and TiO2/CoO thin films are shown in 

Figures 1(a) and (b) while the chemical compositions are shown in tables 1(a) and (b) respectively. 

 
Table 1a: Chemical compositions of plane glass substrate 

 

 

 

 

 

Table 1b: Chemical compositions of TiO2/CoO core-shall thin film    

Element  O  Ti  Na  Al  Si  Ca  K  Fe  B  Co  

Glass  0.662  0.003  0.125  0.037  0.115  0.022  0.006  0.003  0.025   

Film  0.576  0.242         0.182  

 

Comparing the two tables (1a and b) TiO2/CoO contained no impurities. Thus available quantum states were not altered. No new 

energy levels appeared in the films. Hence, there was no quantum size effect [QSE] [2]  
 

3.2 Scanning Electron Microscopy [SEM] Analysis  

The surface morphological studies of the thin films were done using scanning electron microscopy [SEM] analysis. The scanning 

electron microscope uses a focused beam of high-energy electrons to generate a variety of signals at the surface of solid specimen 

[13]. SEM analysed the microstructure of the thin films. Figures 2(a) and (b) show the SEM results for the film samples annealed 

at 473K and 673K respectively. 
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In Figure 2(a) and (b), the films covered the substrates well in each sample. Some coax parts seen in Figure 2(a) disappeared after 

annealing/sintering at higher temperature in Figure 2(b). Absence of cracks in these two Figures showed high mechanical stability 

of the films. Smooth surface appeared in the sample annealed at higher temperature. Grains became well crystallized at higher 

annealing temperature, 673K. The increase in post-deposition sintering yielded better morphology thin films, better surface 

coverage and higher nanocrystalline character of the thin films. Absence of cracks and good surface coverage are ideal properties 

of thin films for gas sensing.  
 

3.3 Electrical Resistivity [ρ] 

The study of electrical resistivity [ρ] was done using QUARDPRO 301 – auto calculating four point probe and the purpose was to 

measure the resistivity [ρ] of the thin films. The resistivity [ρ] of a material and its conductivity [σ] are reciprocal quantities so 

that at the simplest relationship between these two quantities is given in equation [1]. 

𝜌 =  
1

𝜎
         (1) 

Both quantities in equation [1] are microscopic quantities because they have values at every point in a given material or object 

[14]. The resistivity of an intrinsic or pure semiconductor is given by  

𝐼𝑛𝜌  =    
𝐸𝑔

2𝑘𝐵𝑇
 +   𝐼𝑛𝐴       (2) 

Where Eg is the energy gap, kB is the Boltzmann constant, T is absolute temperature and A is a constant. Equation [2] clearly 

indicates that in a semiconductor, the higher the temperature the lower the resistivity [15]. Also equation [2] suggests an 

alternative method of determining the energy gap of an intrinsic material including thin films. Table 3 shows the resistivity values 

for TiO2/CoO core-shell thin films at various sintering temperatures.  
 

Table 3: Resistivity values for TiO2/CoO thin films at various post-deposition temperatures 

Film sample  Sample label Deposition 

temperature [K] 

Post-deposition 

temperature [K] 

Resistivity [Ωm) 

TiO2/CoO 3T 338 Nil 1.532 x 10
4
 

[5 samples] 3T1 338 373 1.511 x 10
4
 

 3T2 338 473 1.481 x 10
4
 

 3T3 338 573 1.352 x 10
4
 

 3T4 338 673 1.320 x 10
4
 

             

In table 3, the resistivity of the thin films decreased with the increase in annealing/sintering temperatures. Similar results were 

obtained by other scholars for other thin films [11, 16, 17]. The inverse variation of resistivity with the annealing temperature 

indicates the semiconducting property/nature of the films. Carrier concentration and mobility of the thin films increased with 

increase in annealing temperature, thus resulting in the decrease in resistivity of the thin films. Therefore, the electrical quality of 

TiO2/CoO core-shell thin films is enhanced by sintering. The films are good materials for efficient electroluminescence because of 

their semiconducting properties.  
 

4.0 Conclusion 

Studies on the post-deposition sintering on the RBS, morphological and electrical properties of TiO2/CoO core-shell thin films 

have been concluded. The study was within the UV, visible and NIR regions of electromagnetic spectrum. The films contained no 

impurities. The samples have high mechanical stability and there was no quantum size effect in the films. The resistivity of the 

thin films decreased with the increase in the annealing/sintering temperature. The increase in post-deposition sintering yielded 

better morphology thin films, better surface coverage and enhanced the electrical quality of thin films. TiO2/CoO core-shell thin 

films are good materials for gas sensing and electroluminescence devices. 
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