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Abstract—Good quality cerium oxide thin films could be 

deposited on glass substrate by spray pyrolysis technique 

using cost effective precursors such as CeCl3 at 

comparatively much lower substrate temperatures around 

623 K.  The effect of film thickness on the structural, 

optical and magnetic properties of CeO2 thin films has been 

investigated in detail. RTFM could be observed in cerium 

oxide thin films deposited by spray pyrolysis technique.  
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                     1. Introduction  

Thin film science has received tremendous attention in 

recent years because of numerous applications of films 

in diverse fields such as electronic industries, space 

science, solar energy utilization, optoelectronics, 

superconductivity, sensors and microelectronics. The 

advantageous properties of thin films include the 

possibility of tailoring the properties according to film 

thickness, small mass of the materials involved and high 

surface to volume ratio. Ceria films have been used for 

applications in optoelectronics, electrochromics, higher 

storage capacitor devices, UV blocking filters, silicon on 

insulator structures for microelectronics etc.  Ceria films 

are very promising as buffer layers for high temperature 

superconductors because of their close match and similar 

thermal coefficients. The aim of the present work is to 

investigate the possibility of production of high quality 

ceria films on glass substrates by spray pyrolysis method 

at lower substrate temperature. 

Spray pyrolysis is an attractive thin film preparation 

method because it is inexpensive, easy when doping is 

required and can under optimal conditions, produce good 

quality films [1]. The optical properties of oxide films, 

such as transmittance and band gap energy, are critically 

dependent on the film thickness, its corresponding 

microstructure and surface morphology. 

This paper deals with the deposition of CeO2 

nanocrystalline thin films on soda lime glass substrates 

using spray pyrolysis method. The effect of film 

thickness on the microstructure, surface morphology, 

optical properties and magnetic properties has been 

investigated in detail. The search for RTFM in spray 

pyrolysed CeO2 thin films also forms an integral part of 

the present investigations. 

                       11. Experimental 

The spray pyrolysis is a cost effective and simple method 

for the deposition of thin films of metallic oxides. In this 

deposition technique, a starting solution, containing metal 

precursors, is sprayed by means of a nozzle, assisted by a 

carrier gas, over a hot substrate. When the fine droplets 

arrive at the hot substrate, the compounds in the precursor 

decompose to become a new chemical compound in solid 

state, which is then deposited on the substrate surface. All 

other byproducts are in the gaseous form, and are taken 

away by the carrier gas. In the present investigation, CeO2 

thin films of various thicknesses were deposited on soda 

lime glass substrates using the spray pyrolysis technique at 

a substrate temperature of 623 K. The substrates were 

cleaned in running water with an industrial detergent 

solution followed by acetone and deionized water. The 

substrates were finally cleaned with an ultrasonic bath for 

30 minutes and dried in hot air oven. A solution of 0.1 M 

CeCl2.7H2O was used as a precursor, prepared by 

dissolving the salt in deionized water. The nozzle was at a 

distance of 20 cm from the substrate during deposition. The 

solution flow rate was held constant at 3 ml/min. Air was 

used as the carrier gas, at the pressure of 2 bar. When 

aerosol droplets arrive closer to the heated substrates, a 

pyrolytic process occurs and highly adherent CeO2 thin 
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films were deposited. Samples with different thickness 

were deposited under the same preparation conditions, only 

varying the deposition time. The films were deposited 

using Holmarc (India) automated spray pyrolysis unit. 

The XRD patterns were recorded using Rigaku D/Max 

X-ray diffractometer. The optical measurements of the 

CeO2 thin films were carried out at room temperature 

using Shimadzu UV-1700 Spectrophotometer in the 

wavelength range 300 to 1100 nm. The thickness was 

measured using Stylus profile meter. Photoluminescence 

measurements were carried out using a luminescence 

spectrometer (Jobin Yvon Flourimeter) at room 

temperature. Magnetic properties of films were 

investigated using Lakeshore 7404 vibrating sample 

magnetometer (VSM). 

  111. Results and discussion 

 ` a Structural properties  

In the present work CeO2 thin films were deposited at 

various substrate temperatures and conditions to 

optimize the deposition conditions. All temperature 

below 573 K yielded powdery non-adherent films. At a 

substrate temperature of 623 K (350 0C) highly 

crystalline thin films could be deposited by optimizing 

other deposition conditions like  

  

Figure 1: XRD patterns of the as-prepared cerium oxide 

thin films at 573 K and 623 K. 

carrier gas pressure and flow rate. Figure 1 shows the 

XRD pattern of the CeO2 thin films deposited at 573 K 

and 623 K. The films deposited at 573 K shows almost 

an amorphous nature from the XRD pattern. The samples 

deposited at 623 K show the characteristic peaks at 2 = 

28.48, 32.96, 48.26 and 56.38, which are in good 

agreement with JCPDS file No.81-0792.  The X-Ray 

Diffraction patterns of the as prepared cerium oxide thin 

films with different thickness are shown in figure 2. 

To describe the preferred orientation, the texture 

coefficient TC (h k l), was calculated using the following 

expression  
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where I(hkl) is the measured relative intensity of a plane 

(hkl),  I0(hkl) is the standard intensity of a plane (hkl) 

taken from the JCPDS data and n is the number of 

diffraction peaks considered in the calculation [2]. It is 

clear from the definition that the deviation of texture 

coefficient from unity implies the film growth in 

preferred orientation.  

Texture coefficients calculated for (111), (200) 

and (220) planes are shown in the table 1. The higher 

value of TC indicates the preferred orientation of the 

films along that diffraction plane. This means that the 

increase in preferred orientation is associated with the 

increased number of grains along that plane [2]. The 

high value of TC along (200) plane indicates the 

maximum preferred orientation of the films along the 

(200) diffraction plane.  

According Baeur [3], there are two possible 

mechanisms; orientation due to nucleation and final 

growth orientation. Both of these result from the 

nucleation at the film/substrate interface. The initial 

orientation is favoured on smooth surface with the 

tendency of nuclei to develop a minimum free energy 

configuration. The final growth orientation results from 

survival of nuclei having an energetically unstable plane 

parallel to the substrate surface among randomly 

oriented nuclei because of their different growth rates. 

This means, that, the growth orientation is developed 

into one crystallographic direction which is of the lowest 

surface energy. Then, the grains became larger as the 

film grows with lower surface energy density [3]. 

The XRD pattern of lower thickness film shows a random 

crystal orientation comparable to that of standard powder 

diffraction pattern of bulk material. It can be observed that 

the lower thickness film exhibits poor crystallinity. As the 

thickness increases, the peak intensity increases and 

become narrower indicating a better crystallinity.  It is not  
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Figure 2: XRD patterns of the as-prepared 

cerium oxide thin films with different 

thicknesses at 623 K substrate temperature. 

 

the result of structural changes in the films, but the result of 

increase in the film thickness [4]. Grain sizes are 

calculated from XRD data using Scherrer’s formula as 

given below [5]. 

Average grain size




cos

9.0
xrdt     (2)  

where  is the wavelength  of the incident X-rays 

(0.15406 nm),   the FWHM and   the diffraction 

angle. The calculated particle sizes and lattice 

parameters of the as-prepared ceria films from XRD 

spectra are shown in table 2.  The grain size is found to 

change dramatically with film thickness. The average 

grain size increases with film thickness. As deposition 

time increases, the amount of solute reaching the surface 

of the substrate increases to form film and therefore the 

electrostatic interaction between solute particles 

becomes larger thereby increasing the probability of 

more solute particles to be gathered together forming a 

grain. Thus as the thickness increases, grain size also 

increases [4]. 

In order to understand the composition and presents of 

impurities in the sample EDX spectra were recorded. 

Figure 3 shows the EDX spectra of ceria thin films. The 

EDX spectra show the presence of cerium and oxygen, 

confirming the purity of the films formed.  

Scanning electron micrograms (SEM) were 

recorded for the CeO2 thin films with different thicknesses. 

The micrographs (figure 4) show uniform grain distribution 

when the film thickness is 672 nm. As the film thickness 

increases, more growth occurs on the surface of the films 

and some of these grains grow as cubic crystallites on the 

surface of the films. The SEM results are in good 

agreement with XRD results and the change in crystalline 

size with film thickness is well in agreement with that  

found in other oxides [4]. The transmittance data can be 

analyzed to determine optical constants such as refractive 

index, extinction coefficient and dielectric constant [6]. 

Table 1: Texture coefficient calculated for thin films of 

various thicknesses 

Film 
thickness 
(nm) 

                                 TC (hkl) 

(111) (200) (220) 

672  1.53 0.46 

1589 0.54 1.91 0.54 

1757 0.42 2.03 0.53 

          Table 2: Variation of grain size and lattice 

parameter of CeO2 thin film 

Thickness (nm) Grain size 
(nm) 

Lattice parameter 
(Å) 

      672      21          5.37 
    1589     32          5.37 
    1757     45           5.37 
 
 

 
a) 672 nm 
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      (b) 1589 nm 

 
 

(c) 1757 nm 

Figure 3:  EDX of ceria thin films   

 

    
 

Figure 4: SEM images of ceria thin films 

 The variation of transmittance and reflectance of cerium 

oxide thin films of different thickness with wavelength is 

shown in figure 5. The sharp absorption edge for these 

films is around 350 nm in ultra violet region. CeO2 films of 

thickness 672 nm exhibits a high transparency (above 80 

%) in the visible region. The high transmittance is probably 

due to the existence of an interfacial layer with low 

refractive index between CeO2 and glass [7]. The 

transmittance found to decrease with the increase of film 

thickness. This is attributed to the increase in film 

thickness, which subsequently increases the absorption.  

The transmission decreases sharply near the 

ultraviolet region due to the band gap absorption. 

Additionally, a shift of the absorption edge, proportional 

to the thickness values, towards lower energies is 

observed from the spectra. Absorption coefficient α is 

calculated from the transmission and reflection data 

using the following relation    
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 where “t” is the film thickness and “T” is the 

transmittance and “R” is the reflectance of the film [3].  

 

 
 
Figure 5: Variation of transmission and reflection of 

ceria thin film with wavelength. 

The absorption coefficient & photon energy are related 

by the equation        
n

gEhAh )(    (4) 

where A is a constant and Eg is the band gap of the 

material and n has values 1/2, 3/2, 2 and 3 depending on 

the optical absorption process. Here n = 1/2 is used for 

obtaining the direct band gap and n = 2 for indirect band 

gap. The optical gap Eg is determined by extrapolating 

the curve (αh)2 vs. h (Tauc plots) to zero absorption, 

which gives the value of the direct band gap. Plotting 

(αhυ)1/2 as a function of photon energy (hυ), and 

extrapolating the linear portion of the curve to 

absorption equal to zero  gives the value of the indirect 

band gap. The Tauc plots are shown in figures 6. The 

variation of direct and indirect bang gap values with film 

thickness is shown in table 3. Both the direct and 
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indirect band gap energies are found to decrease with 

film thickness. The reduction in the band gap of the as 

deposited samples is due to the variation of film 

thickness. The variation in band gap can be explained 

using size effect in thin films. The variation of band gap 

with thickness  is given by  

   
2*8 tm

h
E     (5) 

where m* is the effective mass of electron in the 

material, t the thickness of the film. The extinction 

coefficient (k) was calculated using the relation  = 

4k/ and refractive index n by the relation [6]  

  
22

22

)1(

)1(

kn

kn
R




       (6) 

The variation of refractive index with film thickness at 

550 nm is given in table 3.  

The room temperature photoluminescence specra of CeO2 

thin films at an excitation wavelength of 325 nm is shown 

in figure 7. The higher thickness films show PL spectra 

similar to those of nanostructured ceria. The PL spectra 

exhibit  a broad-band  character from 350 nm to 500 nm. 

This could be the results of defects including oxygen 

 

 
    (a) direct 
 

 
                                  (b) Indirect 

Figure6: Variation of band gap with photon 

energy  

Table 3: Variations of direct band gap, 

indirect band gap and refractive index with 

film thickness. 

 

Film 
thickness 
(nm 

Direct 
band Gap 
(eV) 

Indirect 
band gap 
(eV) 

Refractive 
index 

672     3.36 

 

2.79 2.065 

1589     3.35 2.75 2.090 

1757    3.24 2.65 2.133 

 

 
 
Figure 7: PL spectra of ceria thin films with different 

thicknesses   

 vacancies in the crystal with electronic energy levels 

below 4f band. The spray pyrolysed ceria thin films with 

high transmittance in the visible region, high absorbance 

characteristic in the UV region, are promising for 

optoelectronic applications. With a band gap of 3.36 eV,     

good transparency in visible region, nanostructure ceria 

thin film prepared by spray pyrolysis method can be 

used as a promising inorganic material for transparent 

UV filtering films. 

 Figure 8 shows the RT magnetization curve of CeO2 with 

different thickness in the as-prepared conditions. In this 
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Figure 8: Hysteresis loops for cerium oxide thin films 

with different thickness 

figure CeO2 appears to be diamagnetic. However, on close 

examination room temperature ferromagnetism can be 

observed in these figures which are characterized by a 

closed hysteresis loop. The origin of ferromagnetism in 

CeO2 is assumed to be resulting from the oxygen vacancies 

at the surface of the nanoparticles. With increasing 

thickness in cerium oxide films diamagnetic property 

decreases whereas ferromagnetism increases. Loops are not 

saturating in lower thickness films due to the presence of 

diamagnetic component. But it tries to saturate with 

increase in thickness. Remanence magnetization and 

coercivity of the ceria thin films are low compared to 

cerium oxide nanoparticles. Though the remanence 

magnetization and coercivity are low (Mr-8.86 x 10-6 

emu/g, Hc-153 Oe) compared to nanostructured powder 

sample, this is the first time that RTFM has been observed 

in spray pyrolysed ceria thin films synthesized from CeCl3. 

The present study is significant since it offers ample scope 

for optimizing the spray deposition conditions to obtain 

CeO2 films with appreciable RTFM. 

               4. Conclusion 

      The highlight of the present work is the fact that good 

quality cerium oxide thin films could be successfully 

deposited on glass substrate by spray pyrolysis 

technique using cost effective precursors such as CeCl3 

at comparatively much lower substrate temperatures 

around623 K.  The most important outcome of the 

present study is the observation of RTFM in cerium 

oxide thin films deposited by spray pyrolysis technique, 

which has not been reported earlier. Although the area 

of hysteresis loop and the magnetization value are low 

compared to those of nanostuctured CeO2 powder 

sample, the present work offers much scope for further 

investigations on RTFM in CeO2 films. By optimizing 

the deposition conditions it may be possible to improve 

the ferromagnetic behavior of spray deposited CeO2 

films. This is quite significance from the view point of 

the prospecting applications of these cost effective CeO2 

films in the development of spintronic devices 
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