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Abstract 

This study involved the preparation of Zn1-xFexO (x= 0, 0.02) nano-crystal thin films 

utilising a straightforward spray pyrolysis method (SPM), with doping concentrations 

varied from 0 to 2 wt.% at a constant substrate temperature of 350 °C.The influence of 

Fe-doping concentration on the optical and dielectrical properties of ZnO thin films was 

examined and addressed. The optical properties revealed that the films with Fe-doping 

concentration (2 wt.%) showed high transmittance and wide band gap than the undoped 

ZnO samples .The estimated band gap showed a decreased from 3.27 eV to 3.09 eV as 

Fe doping concentration increses. The refractive index of the films exhibited a 

significant variation with increasing of doping. The interaction between free electrons 

and incident photons is indicated by the change in the real and imaginary parts of 

dielectric constants with photon energy. 

Key words: Thin films, Zinc oxide, spray pyrolysis; Optical properties, dielectrical 
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1. Introduction 

For the past 15 years, the most exciting area of materials research has been transparent conducting 

oxide (TCO) thin film technology. A vast number of researchers exist. Utilizing differentiated TCO 

materials and various methodologies for their deposition in appropriate applications has been 

implemented [1]. TCOs provide both great transparency and low electrical resistance. The electrical 

band structure of solids determines their optoelectronic capabilities. Tin oxide (SnO2), Indium oxide 

(In2O3), Zinc oxide (ZnO), Gallium oxide (Ga2O3) etc are the different TCOs available. ZnO is a 

significant II-VI compound semiconductor characterized by a wide energy band gap of 3.37 eV and 

a substantial exciton binding energy of 60 meV at ambient temperature. The compound is mostly 

ionic, featuring ionic radii of 0.74 Å for Zn2+ and 1.40 Å for O2-, with a space group of P63mc [2]. 

Under artificial conditions, ZnO typically crystallizes in a wurtzite form. It is extensively utilized 

for high transmittance, conductive oxide coatings in solar cells, gas sensors, UV photodetectors, and 
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bulk acoustic wave resonators [3-6]. ZnO is an effective piezoelectric material, exhibiting chemical 

stability and biocompatibility. Owing to its extensive band gap and elevated exciton binding energy 

[7], it is advantageous for UV/blue emission devices [8] . Doping is a significant procedure that aids 

in enhancing and contolling the structural, electrical, and optical properties of ZnO thin films. 

Among metal dopants, iron (Fe) is chemically stable and exists in two oxidation states, Fe2+ and 

Fe3+, with ionic radii of 0.78 Å and 0.64 Å, respectively, which are comparable to the ionic radius 

of Zn2+ (0.74 Å) [9]. Consequently, it can readily occupy Zn lattice positions, either substitutionally 

or interstitially, without disrupting the crystal structure of ZnO, thereby enhancing its conductivity 

through an increased number of charge carriers. Diverse physical and chemical methodologies such 

as sol-gel,  spray pyrolysis, DC magnetron sputtering, hydrothermal process, and electrodeposition 

despite the various methods employed to fabricate ZnO films [10-14].Consequently, this study 

employs a straightforward, vacuum-free, and economical spray pyrolysis method (SPM) to deposit 

Fe-doped ZnO thin films, and the optical and dielectrical properties of the resultant layers were 

examined comprehensively. 

2. Experimental details and characterization 

We employed spray pyrolysis method (SPM) for the preparation of undoped and Fe-doped ZnO 

films. In this method, zinc acetate dehydrate (Zn(COOCH3)22H2O), hydrated ferric chloride 

FeCl3.6H2O, double-distilled water were used as precursor for zinc, iron and solvent respectively. 

Briefly, zinc acetate dehydrate was dissolved in a 30 ml of double-distilled solution at a room 

temperature were the concentration of zinc acetate was 0.1 M. Here, samples Zn1−xFexO (x = 0, 

0.02) with different Fe contents were prepared. Then, the solution was stirred at 50°C with a 

magnetic stirrer for 20 minutes to yield a clear homogeneous solution. The substrates consisted of 

small glass slides measuring 75×25×1.1 mm³ (R217102). The normal cleaning technique for glass 

substrates before the deposition process involved rinsing them in distilled water and acetone for ten 

minutes and then drying them with compressed air. The as-prepared solution was sprayed onto 

heated substrates fixed at 350°C, the distance between spray nozzle and substrate (15 cm), carrier 

gas flow (1 kg/cm2), solution flow rate (2 ml/min). Finally, the  fabricated films were allowed to 

cool gradually at room temperature. To inverstigate thr optical and dielectrical properties of all 

prepared samples, the Cray 100 UV-vis-NIR spectrophotometer Agilent Technologies in the 

spectral range of 300–800 nm were used. 

3. Result and discussions 

3.1 Optical transmission and optical energy band gap 

The UV-Vis-NIR transmission spectra spectra of  Zn1-xFexO (x= 0, 0.02) films with different Fe 

contents are presented in Fig. 1. One can be seen, from undoped ZnO films that  the sample shows 

optical transmittance of about > 93% whereas from Fe-doped (2 wt.%) exhibited high optical 

transmittance (>98%) than the undoped ZnO films in the visible region. This variation can be 

assigned to the changes in both the crystalline quality and roughness of film surface [15]. The 

optical transmission decreases quickly  in the wavelength range 350–400 nm in the UV region 

owing to sharp absorption. This behavior corresponding to the onset fundamental absorption edge 

of ZnO due to the transition between the valence band and the conduction band. 
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Fig. 1: transmittance spectra of undoped and 2 wt.% Fe-doped ZnO films. 

 

The optical band gap of Zn1-xFexO (x= 0, 0.02) samples was deduced by employing the Tauc 

relation corresponding to the direct band gap materials. The absorption coefficient is given by [16]: 

2.303*
 

A

t
                                                           (1) 

where A is absorbance and t is thickness of the film.  

The Optical energy gap Eg and absorption coefficient α are related from the Tauc’s relation [16]:  

   
1
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n

gh K h E                                            (2) 

where α is the absorption coefficient, (hν) is the photon energy, and K is a constant and n is the 

constant that is equal to 2, 1/2, 2/3 and 1/3 for allowed direct, allowed indirect, forbidden direct and 

forbidden indirect transitions respectively. The direct optical band gaps were obtained by the least 

square fitting from the linear portion of (αhυ)2 versus (hυ) plot, as is presented in Fig. 2. The 

evaluated band gaps are 3.27 eV and 3.09 eV for undoped, Fe= 2 wt doped ZnO films respectively. 

The band gap of the ZnO decreased by Fe doping. This decrease in the Eg  valus is an indicator of 

the modification in the ZnO structure after doping with Fe ions and is linked with the creation of 

localized states in the band gap [17-19].  

 

Fig.2: Estimation of band gap energy (Eg) from Tauc’s relation of undoped and 2 wt.% Fe-doped ZnO 

films. 
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3.2 Refraction index and extinction coefficient  

One significant dimensionless optical constant of a substance that describes how electromagnetic 

waves travel through it is its refractive index (n). The propagation of light through the medium is 

contingent upon its wavelength λ. As light propagates in a lossy medium, it experiences attenuation 

and dispersion, resulting in energy loss due to scattering, photo-generation, and lattice wave 

creation, among other phenomena. the index of refraction (n) and extinction coefficient (k) were 

determined by the following equations [20]: 
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where R is the reflectance of the medium. Figure 3 illustrate the variation of the refractive index as 

function the wavelength ranged from 300 nm to 800 nm of undoped and Fe doped ZnO films . It 

can be obseve that refractive index decreases with  increase of wavelength in a similar manner for 

each film. One can also note that as doping with Fe ions increases refractive index decreases 

compared with undoped ZnO samples. The decay in the refractive index values towards longer 

wavelength may be ascribed to the impact of ZnO lattice absorption. 

 

Fig. 3: Refractive index as function of wavelength of undoped and 2 wt.% Fe-doped ZnO films. 

 

The extinction coefficient indicates the energy lost owing to scattering or absorption by molecules 

and particles within the substance. Fig. 4 represents extinction coefficient as function of wavelength 

of undoped and 2 wt.% Fe-doped ZnO. It is evident that the extinction coefficient decreases with 

increases of the incident photon energy in all prepared samples. Also the lower values extinction 

coefficient indicates that the portion of light lost is attributable to the scattering that causes a 

decrease in absorbance [21]. 
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Fig. 4: Extinction coefficient as function of wavelength of undoped and 2 wt.% Fe-doped ZnO films. 
 

3.3 Dielectric constants  

The real (ε1) and imaginary (ε2) components of dielectric constants are crucial factors as they 

convey insights on optical behavior and the dispersion factor. The real ε1 and imaginary ε2 

components of the dielectric constants can be obtained using the following equations [22]. 
2 2

1
n k                                                                             (5) 

and  

2
2nk                                                                                  (6) 

Fig. 5 shows the dependences of The real (ε1) and imaginary (ε2) components of dielectric constants 

as function of photon energy of Zn1-xFexO (x= 0, 0.02) films. The obtained values of ε1 and ε2 are 

found to increase as photon energy increases. The fluctuation of the real and imaginary components 

of dielectric constants with photon energy signifies the interaction between free electrons and 

incident photons. The value of ε1 is significantly higher than ε2; this comparison finding suggests 

the dependency of ε1 on n, where n > k, as illustrated in Fig. 3 and Fig. 4. The real component of the 

dielectric constant increases sharply with rising hv, whereas the imaginary component remains 

relatively escalates rapidly as photon energy rises. 

 

 
Fig. 5: The real ε1 and imaginary ε2 parts of the complex dielectric constant as function of photon 

energy of undoped and 2 wt.% Fe-doped ZnO films. 
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4. Conclusion 

The spray pyrolysis deposition method has been employed to fabricate Zn1-xFexO (x= 0, 0.02)  

nano-crystal thin films on glass substrates at 350°C. The optical, and dielectric properties of grown 

thin films have been examined to understanding the effect of Fe doping of ZnO thin films. The 

optical transmittance demonstrate that the undoped ZnO films shows optical transmittance of about 

> 93% whereas from Fe-doped (2 wt.%) exhibited high optical transmittance (>98%) in the visible 

region. Optical analysis indicated direct allowed transitions with Eg values decreases from 3.27 eV 

to 3.09 eV as the increase of Fe ions, indicating the semiconducting nature. Furthermore, the 

refractive index of the films was found to vary strongly with increases of Fe ions. The variation of 

the real and imaginary parts of dielectric constants with photon energy indicates the interaction 

between the free electrons and the incident photons. The synthesized films, with optimized optical 

band gaps, elevated refractive indices, and minimal Fe ion doping concentration, are suitable for 

anti-reflection coatings and optoelectronic applications. 
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