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Abstract We present an investigation of structural, electrical and photoluminescence properties of Zinc oxide 

doped cerium and codoped hafnium thin films deposited at different substrate temperature. There is a great 

interest in the investigation of rare eart doped ZnO properties in view of applications in photons conversion and 

electrode for solar cells. This work is based on visible photoluminescence spectra after Ultraviolet (UV) in order 

to adjust the solar spectrum to the solar cell absorption, and consequently to enhance its efficiency. 
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Introduction  

The transparent conductive oxides (TCO) [1-5] used in Thin films form have been well studied due to their good 

opto-electrical properties and potential applications in various fields such as optoelectronics [6,7]. The most 

used (TCO) is indium tin-doped oxide (ITO) [5, 8-11]. However, the growth of the optoelectronic devices 

production has led to a great demand for ITO material which will cause the shortage of indium resources which 

worries the researchers and industrials. In addition, the diffusion of indium into the organic layer can 

significantly degrade the performance of the devices, and the toxic nature of indium is dangerous for the 

environment. Thus, it is absolutely necessary to find an abundant and less expensive alternative to ITO. Doped 

zinc oxide (ZnO) is a possible alternative to ITO due to its comparable optical and electrical characteristics. Due 

to its wide band gap of around 3.33 eV as well as the high binding energy. In addition, the physicochemical 

properties of ZnO in the thin films are related to the structure, morphology, size and intrinsic or extrinsic 

(dopants) defects in the crystallites. It can be used as an anode [12-13] or as a down conversion (DC) films [14-

16] in order to improve the adaptation of the solar spectrum to the absorption band of the active material. 

Indeed, the polychromaticity of the solar spectrum limits the efficiency of solar cells. To increase this efficiency, 

it is necessary to convert the energy of the incident photons so that it corresponds to the gap of the active 

material. In the case of the transformation of low energy photons into higher energy photons (up conversion). 

For high-energy photons, of which only part of it is converted into electrical energy, they must on the contrary 

be converted into lower-energy photons (DC). It is this last effect that will interest us in this study where we 

seek to convert UV light into visible light by benefiting from the luminescence of cerium. 

The purpose of this article is to study the effect of the deposition temperature of ZnO co-doped Cerium and 

Hafnium thin films on their structural, electrical and optical properties and justify the use ZnO: Hf: Ce as anode 

and as a down-converting layer in photovoltaic cells. 
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Experimental Details 

Thin films are prepared using the spray pyrolysis technique. Thin films of zinc oxide co-doped with hafnium 

and cerium are deposited glass substrates heated to 400, 450 and 500 °C. The experimental details are given in 

previous work [17], 

  

Results and Discussion 

Figure 1 shows the X-ray diffraction difractograms of thin layers of 5% Ce and 2% Hf codoped ZnO produced 

at different substrate temperatures. These spectra do not show any change in orientation of the crystallites, on 

the other hand a better crystallization is obtained for the layers produced at Ts = 450 ° C. 

 
Figure 1: X-ray diffraction spectra of 5% Ce and 2% Hf codoped ZnO films prepared at different substrate 

temperature 400, 450 and 500 ° C 

In figure 2 we have represented the transmission spectra of the doped ZnO films deposited at different substrate 

temperatures. Analysis of these spectra showed an evolution of transmission as a function of temperature. In 

fact, the average transmission goes from 80% for a temperature of 400 ° C to 85% for a temperature of 450 °C. 

We also noticed the presence of interference fringes which become more accentuated in the case of a substrate 

temperature of 450 ° C. This is explained by the improvement of the crystallinity and the homogeneity of the 

state of the surface by increasing the temperature of the substrate. These same results were obtained by KTR 

Reddy et al. for gallium-doped ZnO layers prepared by spray [18]. 

 
Figure 2: Transmission spectra of 5% Ce and 2% Hf codoped ZnO films prepared at different substrate 

temperature 400, 450 and 500 ° C 

Figure 3 represents the evolution of the resistivity measured at different temperatures of substrates. This figure 

shows that the substrate temperature is an important parameter which affects the electrical properties of these 

films. Indeed, the resistivity admits a minimum for a temperature of 450 ° C. This behavior is the result of the 

substitution of the Zn2+ ions by the Hf4+ and Ce3+ sites creating free carriers. This confirm that the ZnO:Ce:Hf 

can be used as anode in photovoltaic cells especially at 450 °C, could play the role of a photovoltaic anode [9-11] 
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Figure 3: Evolution of the resistivity of a layer of ZnO codoped 5% Ce and 2% Hf depending on the substrate 

temperature 400, 450 and 500 ° C 

In one of our previous works [19] we showed that an increase in the concentration of cerium in the zinc oxide 

matrix leads to a decrease in luminescence in the visible range due to the luminescence extinction phenomenon. 

This is why it is necessary to add a coactivator; this generally results in an increase in the luminescence intensity 

of the RE3+ ions. In this context, in order to reduce the effect of luminescence quenching, we used hafnium [20] 

as a co-dopant. The co-doped samples are produced at different temperatures 400, 450 and 500 °C in order to 

optimize the temperature of the substrate. Figure 4 shows the photoluminescence spectra of ZnO: 5% Ce: 2% Hf 

at different substrate temperatures. The spectra with and without hafnium show practically the same bands, a 

remarkable improvement in the case of codoping with hafnium. If we compare the spectra as a function of 

temperature, we notice that the spectrum at 450 °C presents a better intensity and a better resolution of the peaks 

compared to the other two temperatures, especially in the region 650–800 nm which could be attributed to the 

transitions. apart from this improvement, we also notice that the ZnO: 5% Ce: 2% Hf samples convert light from 

UV to visible which is absorbed by solar cells such as dye cells and organic cells. This proves that our materials 

are good candidates for the (DC) layer used to match the solar spectrum to the absorption band of the cells. 

 
Figure 4: Photoluminescence spectra of 5% Ce and 2% Hf codoped ZnO films prepared at different substrate 

temperature 400, 450 and 500 ° C 

  

Conclusion 

The ZnO:Ce:Hf thins films have been deposited using spray pyrolysis techniques. The optimisation study of the 

temperature of substrate was done. This study revealed that the codoped zinc oxide layers prepared at a substrate 

temperature of 450 ° C have a good transmittance (~90%) in the visible range and a low resistivity (~0.5.cm). 

This justifies that our thin films are one of the alternatives of ITO which can be used as anode for photovoltaics. 

As far as photoluminescence, after UV excitation, it shows good luminescence in the visible. this justifies that 

these layers can be used as (DC) layer in order to adjust the solar spectrum to the absorption of solar cells active 

materials. 
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