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This studying hand deals with the investigation of the deposition of a 

combination of copper oxide and calcium oxide thin films through pneumatic 

spray pyrolysis (PSP) at varying substrate temperatures (450, 500, 550, and 

600±5 °C).  Two sources of copper chloride and calcium chloride, both with 

equal molarity dissolved in distilled water were utilized. The impact of substrate 

temperature on the films structural, morphological, optical, electrical, and 

dielectric properties was assessed using several analytical techniques, including 

X-ray diffraction, scanning electron microscopy, and energy dispersive 

spectroscopy. The X-ray diffraction results revealed the simultaneous growth of 

CuO and CaO2 on the substrate. The band gaps of the films were determined 

through UV-visible transmission and reflection measurements. The results 

showed that all films were polycrystalline, with increasing substrate temperature 

leading to an increase in film thickness from 641,79 to 735,87 nm and an 

average calculated grain size between 33.71 and 63.73 nm. The optical band 

gaps were found to range between 1.63 and 2.80 eV. The dielectric constant is 

obtained for the film deposited at 600 °C with a value of about 6.5.  

Keywords: thin film, spray pyrolysis, copper oxide, calcium oxide, opto-

electronic properties, dielectric properties.  

 

 

http://www.nano-ntp.com/


1925 Sayad Mostefa et al. Effect of Substrate Temperature on the....                                                               
 

Nanotechnology Perceptions Vol. 20 No.6 (2024) 

1. Introduction 

In the world of electronics, optoelectronic and electronic devices have enjoyed rapid 

development in recent years and these devices have contributed to the employment of many 

applications. Metal oxide materials are considered an important part in the development of 

these devices, especially semiconductors made of metal oxide. Copper oxide was a prevalent 

oxide for research in the past and is still the subject of ongoing studies, either in its pure form 

or when mixed with other oxides. Recent studies have focused on the properties of copper 

oxide when mixed or doped with elements like Zn, Mg, Al, and Ca etc… [1-4]. Most studies 

have focused on the growth and optical properties of copper oxide [5], considered as 

nontoxic, economically viable, and environmentally friendly. It is also attractive due to its 

easy formation [6]. Cupric oxide (CuO) and cuprous oxide (Cu2O) are the two common 

forms of copper oxide, both of which are p-type semiconductors and have monoclinic and 

cubic structures with band gap values of 1.3–2.1 eV and 2.0–2.6 eV, respectively [7], and are 

able to have n-type conductivity with doping by donor material [8]. These phases have 

suitable properties for specific applications such as electrode materials for lithium batteries 

[9], gas sensors [10], and pn junction diodes [11]. researchers in the last few years 

discovered that bulk CuO exhibits the multiferroic phase in a narrow temperature range (213 

K to 230 K) and can it used in a variety of applications [12], Thanks to many techniques that 

led to reducing the size of materials to the nanoscale, which resulted in the development of 

new and unique behaviors for many materials in structural, optical, electrical, and dielectric 

properties [13]. Copper oxide CuO exhibits a high value of dielectric constant of about 

18.1[14]. Various techniques have been used to prepare copper oxide films, including sol-gel 

[15], chemical vapor deposition [16], electro-deposition [17], plasma evaporation [18], 

thermal evaporation [19], reactive magnetron sputtering [20], pneumatic spray pyrolysis 

technique [21,22]. Calcium oxide (CaO), in turn, finds use in a wide range of applications in 

materials research. Pure CaO has a rock salt structure with a lattice parameter a = 0.481059 

nm [23,24] and may be found as a transparent crystalline solid or white amorphous material 

[23]. It has a wide band gap of 7.085 eV [25], making it an attractive material for 

applications where electrical isolation is required. Thin film technology has contributed to 

expanding the fields of applications such as transparent electronic applications [26], solar 

cells [27], and CaO is used for its ability to modify electrical and dielectric properties, with a 

high dielectric constant of 11.8 [28]. The dielectric function consists of a part of free electron 

contribution and a part of interband transition [29]. CaO is used as a dopant or component of 

composite material, it was reported as a dopant is able to stabilize cubic zirconia [30,31], and 

was found as a compound in calcium alumina oxide phases CaO.Al2O3 [32], calcium 

manganese oxide Ca3Mn2O7 [33], Calcium fluoride CaF2 thin films [34], biodiesel 

production catalyzed by CaO nanocatalyst [35]. A. Bouibes was investigated CaO2 as new 

thermodynamically stable compound [36]. Some reports on the fabrication of CaO films 

including Pulsed Injection Metal Organic Chemical Vapour Deposition (PI-MOCVD) [23], 

ultrasonic-assisted synthesis of Ca(OH)2 and CaO [28], fabrication of CaO insulator 

coatings by MOCVD for application in vanadium/lithium blankets [37], chemical bath 

deposition (CBD) method [38], Thermal-decomposition [39], sol-gel [40], Direct 

Precipitation Technique (DPT) [41]. 

As mentioned above, both copper oxide and calcium oxide have many applications, whether 
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as pure oxide or as a component with another substance, there are many applications and 

optoelectronic devices where buffer layers are used as a barrier to prevent interference 

between conductive parts or for other purposes such as solar cells, light-emitting diodes, and 

transistors. Appropriate materials must be carefully selected to obtain an insulating layer and 

the required conditions must be provided. Z. Yu et al. were able to deposit a thin layer of 

copper-calcium (CuCa) as a buffer layer under optimal conditions and tested it as a diffusion 

barrier to prevent the diffusion of copper atoms in silicon-based materials (substrate) during 

deposition [42]. 

This study aimed mainly to search for the phase of Ca and Cu oxides complex and observe 

the effect of substrate temperature on the films structural, morphological, optical, electrical, 

and dielectric properties by utilizing two sources of copper chloride and calcium chloride 

with equal molarity to deposit a combination of copper oxide and calcium oxide thin films. 

We have chosen the pneumatic spray pyrolysis technique because it is homemade and in 

contrast to other methods has distinct advantages such as simplicity, cost-effectiveness, eco-

friendliness, economical, operating at room temperatures, and potential controllability, which 

plays a vital role in the ease of producing a large number of samples. 

 

2. Experimental details 

In this study, thin films were generated by mixing two sources, copper chloride (CuCl2-

2H2O) and calcium chloride (CaCl2-2H2O), in a solution with a concentration of 0.1 M for 

each source (0.1:0.1 M). The solution was prepared by dissolving the sources in 50 ml of 

distilled water at room temperature. The films were deposited on glass substrates using a 

homemade pneumatic spray pyrolysis technique at different substrate temperatures of 450, 

500, 550, and 600±5 °C. The deposition process involved spraying the solution onto the 

heated substrates using compressed air and a nozzle atomizer. The deposition time was fixed 

to 3 minutes, and the distance between the spray nozzle and the substrate was kept constant 

at 30 cm. The resulting samples were labeled S1, S2, S3, and S4, with each label 

corresponding to the substrate temperature used during deposition. The samples were 

allowed to cool gradually to room temperature after the deposition process was completed. 

Various characterization techniques were employed to investigate the properties of the thin 

films. The obtained results are presented in the following section.  

 

3. Results and discussions 

The thicknesses of thin films were measured using the approximate gravimetric method 

which consists of weighting the substrate before and after deposition (𝛥m) with an accurate 

balance. The density (g) of the material of the films and the surface substrate (A) give access 

to the thickness using the following equation [43,44]: 

d = m (g ∗  A)⁄                                                                                                               (1) 

It was found that the thickness of the films approximately increases when the substrate 

temperature is increased as shown in Table 1. The growth velocity (Gv) of the films is then 

calculated by the following formula [45]: 
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Gv = d t⁄                                                                                                                      (2) 

Where d is the thickness of the film and t is the time of deposition. 

Table 1 shows the variation in the thickness and growth rate with respect to the substrate 

temperature, in addition to measurement errors, which often exist because the measurement 

is manual and difficult to control compared to measuring devices that are accurate, and since 

there are errors in measuring thickness, it is known that there are measurement errors as well 

in all characteristics in which the thickness is used for calculation. From the Table 1, it 

appears that the thickness of the thin films increases with increasing substrate temperature 

except for 550 °C where a decrease in film thickness appears. This decrease in thickness can 

be explained by the fact that the substrate temperature is sufficient for a good reaction of the 

sprayed droplets and thus provides optimum rate of thermal energy to give good film quality. 

Perhaps this will be confirmed after analyzing the properties of thin films. Also it is noticed 

that the growth rate increases slightly with increasing substrate temperature except for 550 

°C. This is related to the increase in film thickness which can be explained by the increase in 

the amount of atomized droplets that carry the particles (arriving species flow) hence rising 

the rate of their accumulation on the heated substrate. It is well known that the increase in 

thermal energy leads to rapid chemical reactions and thus allows more growth of nucleated 

particles on the substrate surface by giving more energy to allow migration of species and 

coalescence of the particles on the substrate. 

Table 1: Thickness and growth rate of our thin film samples. 
Sample Temperature 

 (°C) 

Thickness 

(nm) 

Growth rate  

(nm/min) 

S1 

S2 

S3 

S4 

450 

500 
550 

600 

641,79 ± 144,65 

721,80 ± 156,70 
694,12 ± 149,65 

735,87 ± 140,33 

213,93 

240,6 
231,37 

245,29 

3.1. Structural properties 

The structure of the thin film samples was studied by X-ray diffraction analysis (XRD) using 

Rigaku-Type MiniFlex 600 with Cu Kα radiation (λ = 1.5418 Å). The results are shown in 

fig. 1. The XRD results analysis indicates clearly that the film structure changes when the 

substrate temperature increases. We notice, as shown in fig. 1, that all films are 

polycrystalline because of the presence of various diffraction peaks (JCPDS N° 03-065-2309 

for CuO, and JCPDS file N°00-003-0865 for CaO2).  

We can see also that some of the diffraction peaks disappear and some other diffraction 

peaks appear when the substrate temperature increases. The diffraction peaks at 2θ= 35°, 

38°, and 53° are present for all the films. Meantime it is observed that the number of 

diffraction peaks decreases with increasing substrate temperature indicating the change in the 

film’s crystalline structure. A close insight into the XRD diffractograms shows that there are 

some diffraction peaks containing two or three joint peaks resulting from diffraction planes 

of different phases (see Fig. 2). In fact, the films contain calcium oxide CaO2, copper oxide 

CuO, and Cu2Cl2O as shown in Fig. 1 and confirmed by the electron energy dispersive 

spectroscopy (EDS) analysis. We notice that for the films produced at the substrate 

temperature of 450 and 500 °C, the phase Cu2Cl2O appears(2θ = 31.76°) which has other 

diffraction peaks merged in some other peaks but with very low relative intensity as shown 
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in the XRD diffractograms. Since it disappears at higher substrate temperatures (550 and 600 

°C); it is very likely that this phase does not have enough time to evaporate. Also, when we 

observe the films produced at the substrate temperature of 550 and 600 °C, we find that the 

same diffraction peaks appear in these two samples which indicates that substrate 

temperature at 550 °C is the optimum rate of thermal energy to crystallize the film. The 

results also showed no Ca-Cu-O compound (mixed phase) between the two oxides. 

 

Fig. 1. X-ray diffraction patterns of the studied samples. 

 

Fig. 2. X-ray diffraction pattern of the peak of sample S2 at 2θ = 35°. 

The grain size (D), the dislocation density (δ), and the microstrain (ε) give information about 
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important structural properties. The grain size is obtained from the Scherrer formula [46]: 

D =k λ βcos θ⁄                                                                                                                (3) 

Dislocation density (δ) and microstrain (ε) are estimated by: 

δ = 1 D2⁄                                                                                                                        (4) 

ε = βcos θ 4⁄                                                                                                                  (5) 

Where k is the shape factor (0.94), β is the full-width at half-maximum FWHM, θ is the 

Bragg angle, and λ is the wavelength of theused X-rays. The calculated average of grain size 

(D), dislocation density (δ), and microstrain (ε) of our samples at the two diffraction peaks 

2θ= 35°, 38° are given in Table 2. 

It is seen in Table 2 that the average grain size increases with increasing substrate 

temperature from 450 up to a maximum of 550 °C, from 33.71 nm to 63.73 nm and then 

decreases to 45.47 nm at 600 °C. The decrease in grain size indicates a phase change and 

recrystallization process in the polycrystalline thin films. When depositing the film, many 

common stresses can occur, including: thermal stress resulting from the difference of 

expansion coefficient of the film and substrate and internal stress due to the accumulating 

effect of the crystallographic flaws built into the film during deposition [47]. Also a strain 

maybe created between crystalline lattices of two oxides. The microstrain and dislocation 

density show the opposite behavior, where, the values of δ and ε decreases with increasing 

substrate temperature from 450 to 550 °C and then increases at 600 °C. The decrease in 

microstrain and dislocation density to substrate temperature 550 °C denotes that the film is 

improving up to this temperature. It is known that the increase in grain size leads to a 

decrease in the grain boundaries and hence minimizing the number of defects in the 

structure. Besides, this mechanism enhances the films stabilization. The decrease in 

microstrain and dislocation density denotes that the lattice defects along grain boundaries 

become less important and vice versa [48]. 

Table 2: The average grain size (D), dislocation density (δ) and microstrain (ε) of thes 

amples at the two diffraction peaks 2θ= 35°, 38°. 
Sample 2θ (°) Average D 

(nm) 
Dislocation density δ ×1014 

(lines/m2) 

Microstrain ε 
×10-4 

S1 

 

S2 

 

S3 

 

S4 

35.6764 

38.8474 
35.6350 

38.8344 

35.6180 
38.7766 

35.6294 

38.8566 

33.7157 

 
61.1324 

 

63.7314 
 

45.4768 

8.7970 

 
2.6758 

 

2.4620 
 

4.8352 

11.4746 

 
5.9223 

 

5.9285 
 

8.9871 

3.2. Morphological and elemental analysis 

The surface morphology of our samples deposited at different substrate temperature is 

investigated by scanning electron microscopy (SEM) using TESCAN VEGA3 SEM as 

shown in Fig. 3. The optical and electrical properties of the films are affected by the 

properties of the surface [49]. It is clearly observed that the increase in the temperature of the 

substrate improves the surface morphology. With the same magnification, the film surface 
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shows a change in the morphology of the samples when the substrate temperature changes. It 

is also observed that the samples do not show any cracks and their surfaces are dense and 

compact (no porous or hollow regions are observed) for all substrate temperatures. Samples 

S1 (a) and S2 (b) have uniform distribution and homogeneous particles on the surface, 

whereas sample S2 (b) shows the beginning of the appearance of very fine particles. Samples 

S3 (c) and S4 (d) show different agglomerations at different locations of the particles on the 

surface. This is thought to be caused by the speed of deposition of particles where some of 

which evaporate before reaching the substrate owing to the increase in the substrate 

temperature. The increase in film thickness also affects the surface distribution. 

 

Fig. 3. Surface Morphologies of the samples deposited at various substrate temperatures (a) 

450 °C, (b) 500°C, (c)550 °C, and(c) 600 °C. 

The EDS analysis is used to confirm the composition of the films. The results of the EDS 

analysis are shown in fig. 4. These spectra confirm the presence of Cu, Ca, and O elements 

in the films, In addition to the atomic composition ratio of all particles in all samples 

prepared at different substrate temperatures. 
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Fig. 4. EDS spectra of the samples deposited at various substrate temperatures (a) 450 °C, 

(b) 500°C, (c) 550 °C, and (d) 600 °C. 

3.3. Optical properties  

The optical transmittance and reflection spectra of the thin films were investigated by a UV-

Visible spectrophotometer at room temperature using a JACSO V-770 spectrophotometer. 

Fig. 5 shows the optical transmittance curves as a function of wavelength in the range of 300 

to 1200 nm. It is clear that the optical transmittance increases with increasing substrate 

temperature. The spectra show that the transmittance values of the films increase sharply 

near 800 nm which represents the absorption edge in the visible region. Also the films 

behave as transparent in near-infrared region (NIR), this indicates a good films quality. 

Whereas, the films behave as dense and opaque material in the region below 700 nm because 

of the low transmittance values in this range due to the strong absorption by electrons 

moving from the valence band to the conduction band (transitions) at the beginning of the 

incident light (low wavelengths). The increase in transmission with increasing substrate 

temperature indicates a decrease in electronic transitions from the valence band to the 

conduction band, which are known to be responsible for the absorption of light photons, 

although the thickness increases. A lower transmission is observed at lower temperatures of 

450 °C which the sample appears in black color, and this may be due to an incomplete 

reaction between the composites of the sprayed droplets. As can be seen in Fig. 5, the optical 

transmission of the sample S3 (550 °C) is the highest (65%) which the sample appears in a 
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light black color. 

 

Fig. 5. Transmission spectra of our samples deposited with different substrate temperatures. 

The reflection spectra of the samples are shown in fig. 6. It can be clearly seen that when the 

temperature of the substrate increases, the reflection increases. The reflection values are low 

and remain almost constant below 700 nm. Also, the values of the reflection for S1 and S2 

films are very low compared to S3 and S4 in this region. The average reflectance is less than 

20%. The transmittance and reflectance spectra (Fig. 5 and 6 respectively) show that the 

films exhibit low absorbance with both changes in substrate temperature and wavelengths in 

this region, at 800 nm, there is a significant increase in the film’s reflection, especially for S1 

and S2. It is noticeable that in this range the transmittance also rises with rising substrate 

temperature, which indicates that the film absorption of light in this wavelength domain 

diminishes when substrate temperature rises. For wavelengths higher than 800 nm, we notice 

that the reflection of samples S1 and S2 decreases while for samples S3 and S4 continues to 

increase and thus the absorption of NIR photons rises for S1 and S2 and decreases for S3 and 

S4. 

 

Fig. 6. Reflectance spectra of samples deposited at different substrate temperatures. 

The optical band gap (Eg) is one of the important optical and electronic properties of 
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semiconductors and insulators. The optical method is used to determine Eg from the 

transmittance and reflectance measurements via the following formula [50,51]: 

αhν = A(hν − Eg)n                                                                                                       (6) 

Where hν is the energy of the photons, A is an independent constant of the energy, n is a 

coefficient depending on the type of transition (electronic transitions), n = 1/2 and n = 2 for 

direct and indirect transition, respectively [52]. α is the absorption coefficient calculated 

using the following formula [53,54] 

α = (1 d⁄ )ln (1 T⁄ )                                                                                                         (7) 

Where d is the sample thickness, and T is the transmittance. Fig. 7 shows the absorption 

coefficients recorded for the samples as a function of the wavelength. In general, as the 

incident light wavelength increases, the absorption coefficients are found to decrease for the 

same sample. It is also remarked that it decreases with the increase in substrate temperature, 

as mentioned above, at the beginning of the incident light, the absorption is strong due to the 

large number of electron transitions and then it demises to zero at high wavelengths because 

the films become transparent in this region. This is expected because of both the 

transmittance and reflection increase. As the substrate temperature increases, the absorbance 

and absorption coefficient decrease. 

 

Fig. 7. Variation of the absorption coefficient of the samples as a function of the wavelength 

at different substrate temperatures. 

The extrapolation of the linear part of the curve (αhv)2 = f (hv) to (αhv)2 =0 gives the direct 

band gap energy [55]. The direct optical band gaps Eg for thin films deposited with different 

substrate temperatures are listed in Table 3. As seen from this Table, the optical band gap 

exhibits a sharp increase with increasing substrate temperature from 1.63 eV at 450 °C to a 

maximum value of 2.87 eV at 500 °C and then gradually decreases until 600°C. This sharp 

increase in the optical band gap from 450°C to 500°C indicates that the temperature at 450°C 

is not sufficient for an interaction to occur between the reactants, and this is shown by giving 

the highest value for the Urbach energy at this temperature. The gradually decreases in the 

optical band gap from 2.87 to 2.68 eV probably due to the creation of tail bands between the 

valence and conduction bands, which result from traps and disorder present between the 

grains and generate states in the crystal structure, thus narrowing the kinetic and active 
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distance of the band gap [43]. 

Urbach’s energy is known to be related to the slope of the tails of localized states near the 

band edge that extend into the gap. It is common that these band tail states are responsible 

for absorption in the low energy range. Hence, the absorption coefficient is given by the 

following formula [56]: 

α(hν) = α0exp (hν/EU)                                                                                                (8) 

Where α0 is the pre-exponential factor, hv the photon energy, and EU the band tail width or 

energy of disorder commonly called an Urbach tail. EU can be extracted from the inverse 

slope of the linear plot between ln( ) versus (hν). The Urbach’s energy values are listed in 

Table 3. The Urbach’s energy decreases with increasing substrate temperature. It was 

interpreted that the decrease of EU with temperature indicates the smaller density of localized 

states created. Also, this means that as the substrate temperature increases the degree of 

disorder in the band gap decreases. This is due probably to the amelioration of the crystalline 

quality of the samples with the increase in substrate temperature as seen in the XRD section. 

This effect is also remarked by Shadia et al. for CdS:In thin films [57].  The slight increase 

in Urbach’s energy value of sample 4 at higher substrate temperature may result from a 

decrease in grain size due to the recrystallization process.  

By comparing our samples deposited from a mixture of calcium and copper oxide with other 

mentioned works in which pure copper oxide was deposited with changing substrate 

temperatures, we notice that there is a different behavior for pure copper oxide compared to 

our samples in all its properties, as reported in the references [58-60], which indicates that 

copper oxide is affected when mixed with calcium oxide. 

Other optical properties of the samples can be deduced from the optical measurements such 

as refractive index (n) and extinction coefficient (k). The optical parameters n, k of our 

samples can be calculated by the formula [61,62]: 

n = (1 + R1/2 1 − R1/2⁄ )                                                                                             (9) 

k =  αλ 4π⁄                                                                                                                     (10) 

Where R is reflection, α is absorption coefficient λ is the wavelength and k is extinction 

coefficient.  

Table 3: n, k, εr and εi (at λ = 800 nm taken as comparison wavelength), Eg, EU for thin 

films at different substrate temperatures: 450, 500, 550, and 600 °C 
Sample n k εr εi Eg (eV) EU (eV) 

S1 

S2 

S3 

S4 

1,8696 

1,9188 

2,1673 
2,3970 

0,3589 

0,1616 

0,0775 
0,0837 

3,3666 

3,6556 

4,6915 
5,7387 

1,3422 

0,6201 

0,3360 
0,4014 

1,63 

2,87 

2,80 
2,68 

0,98 

0,76 

0,70 
0,85 

The dielectric constant ε is defined as a fundamental optical parameter and it is composed of 

two parts. It is given as follows [63]: 

ε = εr + εi                                                                                                                         (11) 

Where εr is the real part, allied to the stored energy within the material, and generally relates 
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to dispersion and εi is the imaginary part of the dielectric constant, related to the dissipation 

of energy inside the material [52]. The values of εr and εi are calculated using the following 

equations [64,65]: 

εr = n2 − k2                                                                                                                  (12) 

εi = 2nk                                                                                                                         (13) 

Fig. 8 shows the variation of the real and imaginary parts of the dielectric constant 

as a function of the wavelength. In Fig. 8a, the real part remains almost constant in the range 

of 300-700 nm for each sample but it increases with increasing substrate temperature. Near 

wavelength 800 nm the real part increases with increasing wavelength and substrate 

temperature in general but samples S1 and S2 exhibit an increase followed by a decrease. The 

increase in the real part near 800 nm for all samples is related to a sharp increase in 

transmittance in this region representing the absorption edge in the visible region. In Fig. 8b, 

the imaginary part of the dielectric function shows an increase and then a decrease with 

respect to the wavelength for all samples. The wavelength at which this happens decreases 

dramatically from 600 to 400 nm as the substrate temperature rises from 450 to 600 °C. The 

values of εr and εi obtained at λ = 800 nm, are listed in Table 3, together with n and k. The 

εr values are higher than that of εi values. Also, from Table 3 and Fig. 9a, it is clear that the 

real part increases with increasing substrate temperature while the imaginary part behaves 

otherwise. The real part of the dielectric constant increases from 3.36 to 5.73 with the 

increase of substrate temperature; endorsing the previous conclusions about the amelioration 

of the structure quality and the densification of the films. The highest value for the real part 

was obtained for the highest substrate temperature of 5,73 at 600 °C, which may be due to 

the high dispersion in the medium of material. It's known that the imaginary part of the 

dielectric constant is related to the extinction coefficient. The decrease of εi with the 

substrate temperature is due to the fact that in the samples at high substrate temperature, the 

films become decreasingly absorbers (Fig. 7), hence a low extinction coefficient, and 

consequently the imaginary part of the dielectric constant reached the lower values (Table 3). 

Fig. 9b shows the variation of extinction coefficient and refractive index with different 

substrate temperatures. From this figure, we notice that there is an inverse relation between n 

and k; that is, as the substrate temperature increases, n increases, and k decreases. 

 

Fig. 8. Real part (a) and Imaginary part (b) of the dielectric constant as a function of 



                                                  Effect of Substrate Temperature on the.... Sayad Mostefa et al. 1936 
 

Nanotechnology Perceptions Vol. 20 No.6 (2024) 

wavelength at different substrate temperatures. 

 

Fig. 9. Variation of dielectric constants at =800 nm as a function of substrate temperature: 

(a) εr and εi, (b) n and k. 

Electrical properties: 

Electrical properties are important in studying thin films designed for optoelectronic 

applications. The only property accessible here is the electrical conductivity (σ). To calculate 

it, we measure the sheet resistance (Rsh) using a four-points probe technique. The 

conductivity values of the thin films are calculated from the following formula [66]: 

σ = 1 Rsh × d⁄                                                                                                                                                      

(14) 

Where d is the thickness of the films. 

The values of electrical conductivity of the samples are listed in Table 4, along with the 

electrical resistivity (ρ = 1 σ⁄ ). It is noticed that the electrical resistivity decreased and 

increased with increasing substrate temperatures. On the other hand, we can see from Table 

4 that the conductivity values increase and then decrease according to the film thickness. The 

electrical resistivity showed similar behavior as compared with the deposited pure CuO with 

a change in the substrate temperature in reference [60]. As seen in Table 4, when the 

resistivity has a maximum value at 550°C, the conductivity of thin films has a minimum 

value at the same substrate temperature. These results appeared at the film thickness 694,12 

nm at a temperature of 550°C, also, this indicates that substrate temperature at this value is 

the optimum rate of thermal energy as mentioned above in our study. The sample S4 showed 

unusual values that are not acceptable in scientific analysis and may be due to a rise in the 

substrate temperature which greatly affected the electrical properties. We can say all the 

properties of the thin films depend upon the substrate temperature, and the change in one 

property may have effects on the other properties, thus almost all properties are 

interdependent. The main effect starts from a change in the structure at depositing films. 

Physically the oxygen molecules are first adsorbed onto the thin film surface and the 

transition from physical to chemical adsorption then takes place by the capture of conduction 

band electrons. This phenomenon affects the mobility of the charge carrier, which leads to 

enhanced chemisorption of oxygen at the grain boundaries, which alters the barrier size. 

Since a small grain boundary area, compared to the film surface, leads to a change in the 
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charge carrier density and structure of the films [67]. Therefore, we observed change in the 

properties of the films such as crystallization, grain size, surface morphology, transmittance, 

dielectric constant, band gap, resistivity, and conductivity. 

Table 4: The values of electrical parameters of the studied samples. 
Sample d (nm) ρ (Ω cm) σ (Ω cm)-1 

S1 

S2 

S3 

S4 

641,79 

721,80 

694,12 
735,87  

3,5930 

3,1605 

3,7804 
- 

0,2783 

0,3164 

0,2645 
- 

 

4. Conclusion 

We have successfully deposited a mixture of copper oxide and calcium oxide on the glass 

substrate. The pneumatic spray pyrolysis as economic and simple technique was used to 

produce the films. It is a fast and low-cost technique and requires no sophisticated 

specialized setup. We have prepared a series of thin films of CuO-CaO2 for which we varied 

the substrate temperature from 450 to 600 °C with fixed source molarity of 0.1mol/l. It was 

remarked that the film prepared at 550 °C has the best crystallinity level as compared to the 

others, in particular for structural properties and the highest transmittance observed in the 

visible region. The films showed good adherence to the substrates using scratch test and no 

porous or hollow particles were observed. The electrical conductivity at room temperature 

was found in the order of 10-1 (Ω cm)-1. The real part of the dielectric constant varied from 

3.36 to 5.73 depending on the substrate temperature. Urbach’s energy decreased from 0.98 to 

0.85 eV with increasing substrate temperature. It was clearly observed from optical analysis 

that substrate temperature has a strong effect on the optical properties of the films. All 

optical parameters such as refractive index, extinction coefficient, band gap energy, and 

dielectric constants were calculated depending on the reflectance/transmittance data. In 

comparison, the values of the real part of the dielectric constant are higher than the values of 

electrical conductivity with changes in substrate temperatures. Finally, the film deposited at 

a substrate temperature of 550 °C has a thickness of 694,12 nm, a maximum value of 

transmittance, band gap 2,80 eV, and good crystallization, it may be suitable for 

optoelectronic devices where thin films with high transmittance and dielectric constant are 

required. This work can be extended to optimize the other pneumatic spray pyrolysis 

technique parameters such as deposition time, solution concentration, and flow rate. Thus 

films with good quality and better suitable optoelectronic properties can be produced. 
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