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ABSTRACT 

 Ce doped ZnO thin films were potentiostatically deposited onto fluorine doped tin oxide (FTO) glass 

subtract in nitrate solution environment. The effect of the deposition potential on structural, morphological and 

optical properties of Ce doped ZnO thin films are studied. X-ray diffraction patterns (XRD) revealed that Ce doped 

ZnO thin films are hexagonal wurtzite structure and no other impurity peaks are appeared. When increasing the 

deposition potential, the crystallinity is also increased with (002) orientation. Micro Raman analysis illustrated, the 

presence of high intense E2 (high) mode in thin film prepared at -1.4 V potential having higher crystalline nature. 

Photoluminescence (PL) spectra showed that the film prepared at higher deposition potential has a low atomic 

defect than that of the film prepared at lower potential. Scanning electron micrograph (SEM) displayed that the 

film prepared at -1.4 V showed aggregated nanograins and hexagonal structured nanorod. Energy dispersive x-ray 

(EDX) spectrum confirmed that the Ce atom is doped in ZnO thin films.  
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1. INTRODUCTION 

 Zinc oxide is one of the best multifunctional materials for various applications such as thin film transistor, 

gas sensor, light emitting diode and dye sensitized solar cells.  Because, ZnO is a (II-IV) group n-type 

semiconductor material and has high electron mobility with good optical properties. It is a direct band gap material 

of 3.37 eV with high exciton binding energy (60 meV). ZnO nanostructures is prepared in various deposition 

technique in the form of thin film such as electrochemical deposition, hydrothermal, chemical bath deposition, sol-

gel method, physical vapour deposition, chemical vapour deposition, Among these deposition techniques, the 

electrochemical deposition is one of the easiest technique to prepare thin film and cost effectiveness. The different 

nanostructures have been synthesized such as nanowall, nanowire, nanorod and nanoparticle. Among these 

nanostructures, nanoparticle and nanorod offer large surface area for dye loading and direct path way to electron 

transport for dye sensitized solar cell application. ZnO nanorod has good electron transfer mobility in the range of 

2-3 times than TiO2. In the present study, we have been prepared Ce doped ZnO thin films on FTO substrate using 

electrochemical technique by varying deposition potentials. The structural, morphological and luminescence 

properties are studied. 

2. MATERIALS AND METHODS 

 Ce doped ZnO thin films were deposited on FTO glass substrates by electrochemical method using a three 

electrode cell. FTO was used as working electrode. Pt and Ag/AgCl were used as working and counter electrodes, 

respectively. Prior to electrodeposition, the FTO plate was cleaned according to previous report. The 0.01M (96%) 

of zinc nitrate hexahydrate (Sigma Aldrich Ltd) and 0.01M (4%) of cerium nitrate hexahydrate (Alfa aesar) were 

dissolved in deionized water and used as deposition precursor, which was maintained and optimized at temperature 

of 70˚C during the deposition process. Ce doped ZnO thin films were deposited at potential of -1.3 and -1.4 V 

(Ag/AgCl) for 10 minutes by electro deposition unit (Princeton Applied Research model 263). The prepared films 

were finally rinsed with deionized water and annealed at 400˚C for one hour in air atmosphere.  

 The crystal structure of films was analyzed by X’Pert PRO PAN analytical Powder X-ray diffraction. The 

vibrational mode of the films was investigated by micro Raman spectroscopy (Princeton instrument Acton sp 2500). 

Photoluminescence of the films were performed by Varian carry ellipse photoluminescence spectroscopy. The 

morphology of the film was examined by JEOL, JSM-840A scanning electron microscope instrument. 

3. RESULTS AND DISCUSSION  

3.1 XRD analysis: Fig.1 shows XRD patterns of the Ce doped ZnO thin films prepared at different deposition 

potentials. All the diffraction peaks are indicated by lattice planes, which are good agreement with wurtzite 

hexagonal structure and JCPDS card no.89-0510. The (002) plane is high in intensity than among the other 

diffraction planes; this is due to crystal growth along the c-axis to surface of the substrate. When deposition 

potential is increased, the intensity of the (002) plane is also increased with decreasing full width at half maximum 

from 0.24 to 0.19. This reveals that the crystallinity of the thin film prepared at deposition potential of -1.4 V is 

increased than that of the film prepared at -1.3 V. The crystalline size of the deposited films is evaluated using 

Scherrer formula. 
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 where λ is the wavelength of the X-ray, β is the full width at half maximum of the diffraction peak and θ 

is the diffraction angle of the peak. The crystalline size of the films deposited at the potential of -1.3 and -1.4 V is 

calculated 33 and 42 nm, respectively. We confirmed that the film deposited at higher deposition potential possesses 

the good crystallinity.  

3.2 Micro Raman analysis: Micro Raman spectroscopy was carried out to investigate the optical phonon modes 

and crystal quality in the prepared thin films. ZnO has six symmetry as A1+E1+2E2+2B1. The 2B1 modes are Raman 

inactive and other modes are Raman active. Fig. 2 presents Raman spectra of the films annealed at 450˚C. The high 

intense E2 (high) vibrational mode at 445 cm-1 is observed owing to the heavy vibration of an oxygen atom. This 

indicates that the thin films are grown along the c-axis to surface of the substrate with hexagonal wurtzite structure. 

The shifting of E2 (high) mode at 445 cm-1 may be due to Ce doped into ZnO films compared to 437 cm-1 of pure 

ZnO film. The increase in intensity of E2 (high) mode confirms that film prepared at -1.4 V has good crystalline 

quality which is well agreement with XRD result. The vibration mode of E1 (LO) mode at 580 cm-1 is due to oxygen 

vacancies or Zn interstitial. The Raman mode is appeared in the range between 1050 and 1200 cm-1 cause to the 

multi phonon process.   

3.3 Photoluminescence spectroscopy: Photoluminescence spectra were performed to study the optical properties 

and atomic defects of the deposited thin films at the excitation wavelength of 325 nm and are shown in fig.3. The 

emission peak at 391 (3.17 eV) is described to near band edge emission owing to free exciton recombination. The 

shifting of the peak position is from 380 nm (for bulk ZnO) to 391 nm (in this work), it is due to presence of 

negative defects such as Zn interstitial or Ce atom. The emission peaks are at 411, 442, 492 and 521 nm due to 

deep level emission. The emission peak is at 411 nm (3.01 eV) due to zinc vacancy in violet region. The peak at 

442 nm (2.80 eV) is attributed to the electron transition from interstitial zinc (Zni) and valence band in blue region. 

The peaks at 492 nm (2.53 eV) and 521 nm (2.38 eV) are assigned to energy different between the oxygen vacancy 

(VO) and the valence band in green emission region. The crystal quality of the films is estimated from the intensity 

ratio of UV to visible (IUV/Vis). The value of the UV/Vis ratio of the ZnO film deposited at -1.3 and -1.4 V is 0.96 

and 1 respectively. From this study, we could be confirmed that film prepared at -1.4 V possesses the better crystal 

quality. 

3.4 SEM analysis: Fig.4 shows SEM image of the film prepared at the deposition potential of -1.4 V. It could be 

observed that the aggregated nanoparticles and nanorod are covered on surface of the substrate. The diameter of 

the nanoparticles and nanorods are in the range of 102-378 nm and 250-270 nm, respectively. EDX spectrum is 

shown in fig.4c and also confirmed the Ce doped in ZnO film. The atomic percentage of the Zn, O and Ce is 72.74, 

23.73 and 3.53, respectively.     

             
Fig. 1. XRD patterns of the thin films deposited at          Fig.2.Micro Raman spectra of the films deposited 
different deposition potentials (a) -1.3 V and (b) -1.4 V     at different deposition potentials (a) -1.3 V and (b) -1.4 V 

 

  
Fig. 3. PL spectra of the films deposited        Fig.4. SEM image of the film deposited at 

at potentials of (a) -1.3 V and (b) -1.4 V                  potentials of (b) -1.4 V and (c) EDX spectrum 
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4. CONCLUSION  

 Ce doped ZnO thin films were deposited at two different deposition potentials on FTO subtract by 

potentiostatically. The structural, morphological and optical properties of Ce doped ZnO thin films were studied 

by XRD, SEM, micro Raman and PL spectroscopic techniques. XRD and Raman spectra revealed that the film 

prepared at the deposition potential of -1.4 V have high crystallinity with hexagonal wurtzite structure. The PL 

spectra confirmed that the prepared film at -1.4 V has a less defect than -1.3 V. SEM image presented the film 

prepared at -1.4 V having aggregated nanograins and hexagonal structured nanorod.   
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