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  In this study, thin films of CaZnO3 perovskite were prepared using the spray pyrolysis 
deposition method (SPD) for different substrate temperatures (200, 250, 300, and 350 °C). 
In this study, we investigated the effect of the variation in substrate temperature on the 
crystal structure and optical properties of CaZnO3 thin films using a scanning electron 
microscope (SEM), an X-ray spectrum, and a UV spectrum. The absorbance and 
transmittance of the prepared films with wave length show a clear variation with substrate 
temperature. The band gap varied from 2.65 eV to 2.8 eV. The SEM images show that the 
grain size increases with substrate temperature, and this agrees with the grain size 
calculated from the X-ray spectrum. The grain size was within the range of 16.39–184.34 
nm. 
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 1. Introduction 
 
Perovskite have provide very special class of materials with excellent optical and 

photoluminescence properties. Studying the optical properties of single domain crystals at various 
temperatures[1].  

 The Perovskite has been prepared in different forms "A2BO4 -Layered Perovskite, ABO3 -
Pervoskite, A2A`B2B`O9"Triple Pervoskite" where B′ and B″ are two different elements in 
different oxidation states (Bhalla et al., 2000) and A2BB`O6 "Double Pervoskite"[2]. 

The Perovskite can be divided in general into two groups, the first is the oxide group, and 
the second is the halogen group, depending on the element X in the formula ABX3. The two 
elements A and B are chosen so that the sum of their valence states is (+6) to equalize with the 
valiancy of the oxygen atoms (-6) [3][4]. There are several valence states in the oxide group, 
including A+2B+4 and A+1B+5 [5]. The sizes of the atoms of the elements A and B are different, but 
in order for the atoms to settle into the formula ABX3, the ratio between the radii of the atoms A 
and B and the oxygen atom (X) must be taken into account. In the present work, Perovskite thin 
films were prepared using the spry pyrolysis deposition method "SPD". The layers have been 
examined using a scanning electron microscope (SEM) and an X-ray spectrum to investigate the 
grain size and surface topology or morphology, in addition to measurement the optical properties 
for all layers. 

The ionic bonds and the tolerance factor are among the most important factors to be taken 
into account to achieve stability in the chemical formula ABX3, where the tolerance factor is 
defined as a measure of the stability and distortion of the crystal structure [6], or it is a measure of 
the deformation in the cubic structure of the compound, and the tolerance factor is given by the 
following equation [7]. 

𝑡𝑡 =
𝑅𝑅𝐴𝐴 + 𝑅𝑅𝑋𝑋

√2(𝑅𝑅𝐵𝐵 + 𝑅𝑅𝑋𝑋)
                                                                                    (1) 

 
𝑅𝑅A: the ionic radius of the cation A. 
RB: the ionic radius of the cation B. 
𝑅𝑅x: the ionic radius of the anion X. 
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This geometric factor describes the slope of the ideal of Perovskite, where the Perovskite 
structure is stable in the field, 0.7 < t < 1.06, it is in the form of a perfect cubic lattice for t = 1. 
When you move away beyond this value, the structure can be subjected to various deformations, 
such as if the tolerance factor is present in the field of 0.99 < t < 1.06 (and in the range of 
orthorhombique), the orthodontic deformation would be 0.75˂ 𝑡𝑡 < 0.96, the structure will be cubic, 
so many positions can be distinguished according to the value of the tolerance factor as shown in 
table.1 [8,9]. 

 
Table 1. Electronic structure according to the tolerance factor[8][10]. 

 
t ˃1.06 

Hexagonal 
0.75˂t˂1.06   Perovskite t˂0.7 

0.99˂t˂1.06 
Cubic 

0.96˂  t ˂0.99 
rhombohedra 

0.75˂  t˂0.96 
orthorhombique 

Switching from 
Perovskite to 

fluorite 
 
 
The binding ionic X* gives the ionic form of the formula ABX3 or the difference in 

electronegativity as in the following equation[3]: 
 

X*= 𝑋𝑋𝐴𝐴−𝑋𝑋+𝑋𝑋𝐵𝐵−𝑋𝑋
2

                                                                                       (2) 
 
where 𝑋𝑋A-X and 𝑋𝑋B-X  are the differences in electronegativity between the A and B cations and the 
adjacent anion X The Perovskite structure is most stable when the respective bonds have a strong 
ionic character [3]. The application of Perovskite can be observed in piezoelectric devices [11], 
sensors, capacitors [12] and solar cells [13]. Finally, changing the concentrations of the material 
constituting the perovskite compounds and changing the temperatures for preparing thin films of 
perovskite lead to a clear difference in the structural and optical properties [14] 

 
 

      2. Method of preparation  
 

Several methods have been used to prepare Pervoskite components to be thin film, such as, co 
evaporation technique [15], sol-gel [16], chemical path deposition (CPD)[17], spin coting 
method[18][19] and pulsed laser deposition" PLD"[20].  

   
2.1. Experimental section 
Experimental work was carried out in the laboratories of the University of Mosul, Iraq, where 

glass slides were prepared for the purpose of depositing the thin film on them after they were 
completely cleaned using methanol and then washed with distilled water, as for the preparation of 
the Perovskite CaZnO3 compound. 0.6gm of each of CaCl2 and ZnCl2 was used, while 0.8gm of 
KOH was used to obtain the required Perovskite compound CaZnO3. Each of the above-mentioned 
substances was dissolved in 50mL of distilled water, then CaCl2, ZnCl2 were added at the same 
time to the KOH solution, and then the resulting solution was placed The Perovskite compound 
CaZnO3 is formed in a magnetic stirrer device at a temperature of 60 °C. 

The prepared compound was placed in a "Spry pyrolysis deposition (SPD)" system. Where 
the deposition base was placed on a thermal radiator, whose temperature can be easily changed. 
The thin film was deposited using the "SPD" system at different temperatures (200, 250, 300, 350 
℃), in a clean room that contains an electric vacuum to withdraw the resulting vapors and gases. It 
was deposited for a period of 5 seconds and 10 times of precipitation. Pump the material to be 
settled at a constant pressure of 7.5 Pa. 

 
      3. Results and discussion 

 
Thin films of CaZnO3 were prepared from a constant concentration of precursors 

and different substrate temperatures within the range of 200, 250, 300, and 350 oC. The layers was 
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examined using Scanning electron microscope and X-ray spectrum, in addition to the 
measurements of their optical properties.  

The Scanning electron microscope images show a clear variation in the structure of the films 
with substrate temperature. The grain size increases with temperature due to the growth and 
aggregation of the grains (figure 1). 

The X-ray spectrum also showed that the film structure changed with temperature. At 200 oC, 
the structure of the film was amorphous with a clear presence of the crystalline phase. The film at 
250 oC was fully crystalline with orientation (200), while the amorphous phase appears again at 
300 oC and 350 oC as shown in figure (1). The X-ray spectrum shows that the grain size was 
extremely small, between 16.39 and 184.34 nm with temperature, and this agree with SEM images 
as shown in table (1).  

  

 

 
 

Fig. 1. Shows SEM images of CaZnO3 Perovskite thin films prepared at different temperatures  a-200oC,  
b-250 oC , c-300 oC , d-350 oC. 

 
 
 
 
 
 
 
 
 

(a) (b) 

(c) (d) 
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Fig. 2. X-ray spectrum of CaZnO3 Perovskite thin films prepared at different temperatures a-200oC,  

b-250 oC, c-300 oC, d-350 oC. 
 
 

 
Table 1. Shows the of temperature  variation substance.  

          
Size particle nm Temp.oC 

16.39023 -25.0808 200 
16.39023 250 

13.76526 - 27.32009 300 
8.83044 - 184.3462   350 

 
 

The tolerance factor was calculated of about 0.93, where RCa=197 Pm, RZn=134 Pm, RO=66 
Pm[21,22], and this prove that the CaZnO3  is a Pervoskite with orthorhombique structure. The 
transmittance, absorbance, and reflectance have been measured for the layers prepared from the 
same concentration and different substrate temperatures. 

 

(a) (b) 

(c) (d) 
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Fig. 3. The transmittance (T), absorbance(A) and reflectance(R) of CaZnO3 thin films  prepared  
at different temperatures. 

 
 

The transmittance of all CaZnO3 thin films increases rapidly over the wavelength range of 
400-600nm regardless of the temperature, but the maximum transmittance decreases with 
temperature as shown in figure(3-a). Inversely, the absorbance was decreased within the range of 
400-600nm and was proportional to the substrate temperature over a 600nm wavelength. The 
reflectance remains extremely constant over the wavelength range of 320-550 nm and then 
decreases rapidly within the wavelength range of 550-630 nm while being proportional to 
temperature over the wavelength of 630 nm. 

The extinction coefficient is inversely proportional to temperature within the wavelengths 
320–500nm, decreases rapidly over the wavelengths 500–610nm, and finally is directly 
proportional to substrate temperature for wavelengths above 610nm. 

The refractive index showed no effect on temperature for the 320-610nm wavelength range 
then proportional with wave length for the wavelengths above 610nm. 
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Fig. 4. Shows the refractive index (c) and extinction coefficient (k) of CaZnO3 thin films prepared at 
different temperatures. 

 
 

The energy gap CaZnO3 thin film prepared at substrate temperature 200oC was about 2.8eV 
then it decrease to 2.65eV for films prepared at 250oC due to the change in the films structures 
while the energy gap of the films that prepared at  300oC increases to 2.75eV and finally become 
2.8eV again at 350oC , This can be explained by the fact that the increase in temperature will 
produce a change in the structure as a result of grew and aggregation of grains as shown in SEM 
image in figure (1).  

 
 

 

 
 

Fig. 4. Shows the refractive index and extinction coefficient of CaZnO3 thin films prepared at different 
temperatures. 

 
 
 

100oC 150oC 

200oC 250oC 
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        4. Conclusion 
 

The scanning electron microscope images show an increase in grain size with 
temperature. The X-ray spectrum shows that at 200 oC, the structure of the film was 
amorphous with a clear presence of the crystalline phase, and the films prepared at 250 oC 
were fully crystalline with orientation [200], while the amorphous phase appeared again at 
300 oC and 350 oC . The X-ray spectrum also shows that the grain size was extremely 
small, between 16.39 and 184.34 nm with temperature. 

CaZnO3 is a perovskite with an orthorhombique structure and a tolerance factor of 
about 0.93. The transmittance of all CaZnO3 thin films increases rapidly over the 
wavelength range of 400–600  nm, regardless of temperature. Inversely, the absorbance 
decreased within the range of 400–600nm and was proportional to the substrate 
temperature over a 600 nm wavelength. The reflectance remains extremely constant over 
the wavelength range of 320–550 nm and then decreases rapidly within the wavelength 
range of 550–630 nm. The extinction coefficient is inversely proportional to temperature 
within the wavelengths 320–500nm, decreases rapidly over the wavelengths 500–610nm, 
and finally , the energy gap of CaZnO3 thin films prepared at substrate temperature 200oC 
was about 2.8eV then it decrease to 2.65eV for films prepared at 250oC while the energy 
gap of the films that prepared at 300oC increases to 2.75eV and finally become 2.8eV 
again at 350oC .  
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