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Abstract 

The Zinc oxide (ZnO) and Fe doped ZnO films have been deposited by Spray Pyrolysis method using Zinc 

Nitrate hexahydrate and Ferric Chloride anhydrous as precursors for Zn and Fe ions respectively. The films were 

deposited in glass substrate at 400C. The effect of Fe doping on the structural, morphological, optical properties of 

sprayed ZnO films was investigated using X-ray diffraction (XRD), Scanning electron microscope (SEM), UV-VIS-

IR Spectroscopy. XRD patterns reveal that all the samples are polycrystalline with hexagonal Wurzite structure and 

exhibit (002) preferential orientation. SEM shows the surface morphology of film was changed by Fe doping. The 

optical studies show that the transmittance value decreases up to 30% with increase in Fe doping. Pure ZnO film 

shows high transmittance of 78%.  
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I. INTRODUCTION 

ZnO has wide range of applications in optoelectronics by doped with Fe, Co, Ni (Yilmaz, 2002). Fe dopant 

make ZnO for ferromagnetic applications (Karmakar, 2007). In this work, structural and optical studies were done. 

Preparation of Zno and Fe Doped Thin Films: In the present investigation thin films of pure and Fe doped ZnO 

films were prepared by using Zinc nitrate and FeCl3 by Spray pyrolysis technique. The glass substrate of dimension 

38mm x 25mm x 1.45mm was first dipped in Chromic acid about six hours and cleaned using soap solution, distilled 

water and methanol and finally cleaned again distilled water. Then the substrates were taken and subjected to mild 

heating (Maissel and Glang 1983). Zinc nitrate hexahydrate of (0.2M) 2.97g was dissolved in 50ml of distilled water. 

The resultant transparent solution was used as starting solution. The amount of zinc nitrate hexahydrate was fixed at 

2.97g throughout present work. For Fe doping, Ferric chloride anhydrous (FeCl3) was dissolved in 50ml of distilled 

water and mixed with Zinc nitrate hexahydrate. The Fe doping was varied by mixing different concentration (wt.%) 

of Ferric chloride anhydrous. 

In this work Fe doped ZnO films were prepared for 2.5wt%, 5wt%, 7.5wt% and the corresponding amount 

of FeCl3 are given in Table.1. 

Table.1. Amount of FeCl3 used in Fe doped ZnO film preparation. 

Wt% Amount of FeCl3 (g) 

2.5 0.074 

5 0.148 

7.5 0.223 

3. RESULTS AND DISCUSSION 

XRD Structural Analysis: Structural analysis of the deposited ZnO:Fe films was carried out by using CuKα 

radiation source having wavelength 1.540Å. X-ray diffraction patterns of the films were recorded by varing 

diffraction angle 2θ from 20˚ to 80˚. Figure 1-4 shows the XRD patterns recorded for undoped and doped ZnO films 

grown at 400°C. The XRD studies clearly reveal that the deposited films are polycrystalline in nature. It is known 

from the figure that the undoped ZnO film grow along preferred orientation of (002) plane of wurtzite structure. 

From XRD results, it is found that Fe ions are substituted for Zn ions in ZnO lattice. When FeCl3 concentration 

increase, the preferential growth of grain in the (002) diffraction peak decreases. This behaviour implies a reduction 

of preferential orientation of the crystallites due to the increase of Fe atom in the ZnO lattice that cause a great 

crystalline imperfection (Cullity, 1956). 

  
Figure.1. XRD Pattern of pure ZnO thinfilms Figure.2. XRD Pattern of  2.5 wt% Fe doped ZnO 

thinfilms 
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Figure.3XRD Pattern of  5 wt% Fe doped ZnO 

thinfilms 

Figure.4. XRD Pattern of  7.5 wt% Fe doped ZnO 

thinfilms 

Optical Properties: 

Table.2. Transmitance (%) of undoped and Fe doped ZnO 

Sample Concentration of FeCl3 (wt%) Transmittance (%) value 

ZnO - 78% 

ZnO:Fe 2.5 50% 

ZnO:Fe 5 42% 

ZnO:Fe 7.5 30% 

Figure.5, shows the optical transmittance spectra recorded in the wavelength range of 300nm to 110nm for 

undoped and Fe doped films deposited at 400°C (Mathammal, 2015; Kumar, 2013; Guru Prasad, 2015). The 

transmittance (%) of the film decreases with increasing Fe concentration as 2.5wt%, 5wt%, 7.5wt%. The 

transmittance (%) value of the undoped and Fe doped ZnO films were tabulated.  

 
Figure.5. Optical transmittance spectra of pure and Fe doped ZnO thin films 

SEM Analysis: FigureS.6-8, shows the SEM images of the undoped and Fe doped Zno thin films. It shows that both 

the pure and doped Zno films have flower morphology. Some of the undecomposed clusters are also present in the 

films. The particle size are found to be in nanoscale and the structural morphology is independent on dopant 

concentration (Sangeetha, 2015). 

  
Figure.6. SEM image of undoped ZnO thin films Figure.7. SEM image of Fe doped ZnO thin film 

with undecomposed clusters 

 
Figure.8. SEM image of pure ZnO thin films 

Thickness Measurement: The thickness (t) of the undoped and doped ZnO films is measured using the gravimetric 

method from the relation, t = W3/ (A), where W3 is the weight of the film deposit, A is the area of the substrate and 
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 is the density of the material. It is found that thickness of the deposited films are between ~ 0.2 to 0.6m and this 

values are given in Table.2. 

Table.3. Thickness of undoped and doped ZnO Thin Films 

S.no Sample Concentration of Fecl3 (wt%) Thickness (m) 

 1. ZnO  -  0.6661 

 2. ZnO:Fe 2.5 0.3785 

 3. ZnO:Fe 5 0.2801 

 4. ZnO:Fe 7.5 0.2552 

4. CONCLUSION  

Pure and Fe doped ZnO thin films were deposited on glass substate at 400ºc by spray pyrolysis technique. 

The level of doping (Fe) concentration was varied from 2.5 wt% to 7.5 wt%. The X –ray diffraction analysis showed 

that all the films are polycrystalline in nature. The undoped ZnO films grow along preferred orientation of (002) 

plane. The intensity of the (002) plane decreased with Fe doping concentration. The Crystalline size of the film saw 

found to be in the range of 18 – 82 nm. SEM analysis showed that all the films have flower morphology and it is 

independent on dopant concentration. Some of the undecomposed clusters are also present in the films. Optical 

transmittance of the pure ZnO film decreases with increasing Fe concentration. The transmittance (%) of pure Zinc 

oxide is 78% where 2.5wt%, 5wt%, 7.5wt%, of Fe doped ZnO films are 50%, 42% and 30% respectively. 
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