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      ABSTRACT 

In this study, we, firstly, fabricated Fe2O3 thin film recently promising to be used in 

spintronic technology by magnetron sputtering technique on ZnO thin film prepared by 

spray pyrolysis at 450 oC. The crystal structure, surface morphology and structure, 

chemical composition, optical and electronic properties, and electric properties of the 

Fe2O3/ZnO sample were performed by X-ray diffraction (XRD), scanning electron 

microscope (SEM) and atomic force microscope (AFM), energy-dispersive X-ray (EDX), 

ultraviolet-visible (UV-VIS) and Raman spectrometer, and Hall measurements, 

respectively. XRD measurements showed that Fe2O3 and ZnO thin films have monoclinic 

and hexagonal crystal structures, respectively, and also both of them are polycrystalline. 

SEM images proved that there is a very good with the stoichiometric formation of ZnO 

nanocrystals of spherical shape and demonstrate aggregation of the particles and AFM 

images displays the distribution of flake-like of Fe2O3 structure over the surface of ZnO. 

UV-VIS and Raman measurements revealed that the ZnO and Fe2O3/ZnO heterostructure 

band's band gap energy are 3.277 and 3.24 eV, respectively. Finally, the calculated values 

of electric conductivity, σ, electron density, n, and mobility of the electron, μ, using the 

data obtained from Hall measurements are 4.39x102 Ω-1.m-1, 6.88x1021 m-3 and 3.99x10-

1 V-1.m2. s, respectively.   

Keywords: Band gap energy, crystal structure, transmittance, morphology, polycrystalline.   
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1. Introduction 

Especially last decades, multifunctional nanocrystalline thin films taking place among all 

magnetic materials and being a promising candidate besides the thin films used for a 

single application have great attention by the researchers due to their intriguing physical 

properties and potential applications in many fields [1]. One of the most studied these 

thin films are the magnetic thin films with multilayers with nanometer spacing, and they 

are the first metallic quantum structures which can be used in electronic devices such as 

reading heads in hard discs [2]. There is another type of thin film sample developed by a 

group in literature called magnetic/non-magnetic multilayers; they are known `spin 

valves' and are mostly used in magnetic storage devices [2]. 

Maghemite nanoparticles taking place among the magnetic materials are widely used in 

biomedical applications because their magnetism interacts easily with external fields, and 

they are also biocompatible and potentially non-toxic to humans [3, 4]. In literature, there 

are other studies realised by two different groups. They have developed devices which 

can be used in the field of spintronics. Their studies have suggested that -Fe2O3 can be 

used as a magnetic tunnelling-barrier for room-temperature spin-filter devices [5, 6]. 

On the other hand, researchers have studied on the nanocomposites consisting of two or 

more metal oxide semiconductors, and they have developed thin film samples which can 

be used in photocatalysts [7], lithium batteries [8], solar cells [9], gas sensors [10], and 

spintronic applications [11]. Wang et al. have fabricated CdS/Fe3O4 and CdS/a-Fe2O3 

heterostructures and investigated their magnetic, optical and photocatalytic properties 

[12]. Hong et al. have, first, fabricated Fe3O4/ZnO composite thin film and demonstrated 

that Fe3O4/ZnO's photocatalytic activity is higher than ZnO [13]. 

Suryavanshi et al. ZnO is a wide band gap semiconductor (Eg. ~3.37 eV), and the high 

efficiency of luminescence in the UV to have fabricated Fe2O3/ZnO structure onto 

fluorine-doped tin oxide (FTO) coated glass substrates. They have investigated the ZnO 

layer effect on their crystal structure, morphological, optical, and photocatalytic 

properties of the films [14]. In another study, Suryavanshi et al. have fabricated Fe2O3 

and stratified Fe2O3/ZnO thin films applying chemical spray pyrolysis technique, and they 

have investigated their physicochemical properties in detail. They have also proven that 

Fe2O3/ZnO thin film prepared with 60 ml quantity of ZnO solution has maximum 
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photoelectrochemical performance and layered Fe2O3/ZnO thin films and Fe2O3 thin 

films have band gap energy values 2.65 and 2.10 eV, respectively [15].  

 

Fe2O3 (iron oxide phases) thin film phases can involve devices with captivating magnetic, 

optical structure and semiconducting properties. After all, deposition of quality and 

satisfying iron oxide phase thin films is quite tricky and requires vacuum processes. [16].  

 

In this study, we have, first, formed ZnO thin film onto glass substrates by chemical 

pyrolysis, and then Fe2O3 nanocrystalline thin films have been grown on them by RF 

sputtering technique. The characteristics of the Fe2O3/ZnO structures were carried out by 

XRD, Raman Spectroscopy, FE-SEM with EDX, AFM and UV-Vis spectrophotometer 

techniques. 

 

The present work aims to study the optical, structural, and electrical properties of 

Fe2O3/ZnO heterostructure. Firstly, it has been revealed that the hardly growing Fe2O3 

phase in iron oxides grow on another film at the nanoscale. 

 

2. Experimental  

In this our study, we have realised the fabrication of Fe2O3/ZnO structure in two stages 

as follows: we have, first, formed ZnO thin film onto a glass substrate by spray pyrolysis 

method, and then we have formed Fe2O3 thin film over it by RF magnetron sputtering 

technique to obtain Fe2O3/ZnO structure. 

 

2.1 Formation ZnO thin film onto the glass substrate    

 

In the first step, we used the methenamine (CH2)6N4 salt powders (Merck and with purity 

99.9%) and zinc nitrate hexahydrate (Zn(NO3)2.6H2O) as precursor materials forming the 

ZnO thin film sample onto the glass substrate. To do it, we have weighed 1.486 gr of 

Zn(NO3)2.6H2O and 0.7 gr of (CH2)6N4 salts in powders and put each of them into two 

separate glass beakers filled 50 ml deionised water. And then we obtained two solutions 

stirring these two mixtures for 40 minutes by a magnetic mixer. Then, we poured these 

two solutions into another glass beaker and stirring this solution with the magnetic mixer 
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we have obtained the final solution of 100 ml which will be used in the deposition of ZnO 

thin film samples. We loaded this solution into the syringe. After these processes, we 

have passed for the deposition of the ZnO thin film samples. Firstly, we have placed the 

ten substrates with 1x1 cm2 that we prepared from microscope glasses and cleaned 

applying a known cleaning method Piranha [17] on the heater plate in chemical pyrolysis 

experimental-set and heated the heater plate until 450 oC. Finally, we adjusted the pump 

to pump the solution through the nozzle with a solution's flow rate of 2.5 ml/min. We 

have then started the pump to spray the solution on the substrates and obtained 10 number 

of ZnO thin film samples. Then we divided these 10 number of thin film samples into two 

groups, each group including five thin film samples. We have used one of these group 

samples to characterize ZnO thin film samples and the other group for the fabrication of 

the Fe2O3 layer on ZnO.  

 

2.2. Formation of Fe2O3 /ZnO heterostructure    

 

After completing the above processes, we started the second step. We placed Fe2O3 thin 

films with 2-inch radius prepared by us and ZnO thin film samples on the RF magnetron 

sputtering system's anode and cathode plates, respectively. We then adjusted the pressure 

inside the system and controlled the flow rates of argon and oxygen gases (O2/Ar=1/14) 

total combustion chamber of the system 1.4 ×10−6 Torr 25 mTorr, respectively. Oxygen 

partial pressure during the growing of the Fe2O3 layer on ZnO thin film substrates was 

accepted as the fundamental parameter for determining the samples' optical and structural 

properties. After adjusting the power supply, the substrates' temperature, and taking the 

distance the target (source material) and substrates as 100W, 290oC, and 4.5 cm, we 

started the system and fabricated the Fe2O3/ZnO thin film samples.   

Finally, completing the production of the heterostructures, we performed the 

characterisation of heterostructure samples.  

Crystal structure- crystal energy bond structure, surface morphology, qualitative analysis, 

and optical properties of Fe2O3 heterostructure samples were examined by using   X-ray 

diffractometer (XRD Bruker D2, Kα, λ=1.54 A, Scanning angle 70o], Raman 

Spectroscopy (WITec alpha 300 Series Raman High-Resolution Optical and Scanning 
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Probe Microscopy Systems measurements), scanning electron (FE-SEM) (Sigma 300 

Model Zeiss Gemini) and atomic force microscope (AFM) (AFM 5000 II Model), 

Electron diffusion x-ray (EDX associated with FE-SEM) and UV-VIS spectrometer 

(Perkin-Elmer Lambda 2S UV-Visible spectrometer) techniques, respectively. Also, 

electronic properties of Fe2O3 heterostructure samples were examined by Hall 

measurement method.  

3. Results and Discussion  

 
 
3.1. XRD and Raman measurements 

Fig.1 shows the XRD measurements of the ZnO-pure (black line) and Fe2O3/ZnO 

heterostructure (red line) thin film samples. As seen from Fig.1, peaks belonging to ZnO-

pure thin film appear at the angles 32.00, 35.00, 38.00, 48.49, 57.56, 63.72, and 68.82 

degrees corresponding to (100), (002), (101), (102), (110), (103), and (112) the (h,k,l) 

diffraction planes, respectively. Therefore, ZnO-pure thin film sample has a hexagonal 

crystal structure [18] and a polycrystalline structure. This result was identified and 

matched well with the PDF No: 01-075-1533 pattern corresponding to ZnO's hexagonal 

crystal phase.  On the other hand, the peaks in XRD patterns of Fe2O3/ZnO thin films 

(This measurement was performed applying Grazing Incidence XRD (GIXRD)) appear 

at three angles 32.73, 35.43, and 36.50 degrees corresponding to (402), (040), and (200) 

the (h,k,l) diffraction planes, respectively. The first two peaks correspond to Fe2O3 

crystallisation, and the third one shows the ZnO2 crystallites, and these results were 

clearly identified and match well with the PDF No: 00-013-0311 pattern corresponding 

to a monoclinic Fe2O3 (Maghemite) structure and cubic crystal phase of ZnO2, 

respectively.  The rest of the peaks correspond to the ZnO-pure thin film. 

The ZnO2 crystallites emerge during the growth process of the Fe2O3 on ZnO thin film 

substrate employing Rf magnetron sputter resulting from the O2 gas being still inside the 
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chamber. During this process, O2 gas molecules are adsorbed on ZnO thin film, and hence 

cubic ZnO2 phase is formed along the (200) plane.  On the other hand, we calculated the 

crystal sizes of the thin film samples corresponding to the angles that the peaks appear 

using the Debye-Scherrer formula, 

           



cos

9,0
D                                                                                                                  (1) 

herein, Ɵ the corresponding Bragg's angle, β is the full width at half maximum (FWHM), 

β is the full width at half maximum (FWHM) of XRD peak, and λ is the wavelength of 

the incident X-ray (λ=1.5405 Å).  

Crystal structure parameters of the heterostructure thin film sample are given in Table 1. 

The calculated values of both of these two thin film samples' crystal sizes confirm that 

they also have a polycrystalline structure with different sizes.  

Raman spectrum is the primary method to characterise the materials bond structure. 

Electron-phonon interaction has a significant effect on the electronic and optical structure 

of the materials. Raman spectra give information about materials' energy relaxation rate 

of excited carriers and phonon reproduction of excitons in the luminescence [19]. 

Therefore, we used Raman scattering technique on the fabricated Fe2O3/ZnO thin film 

sample since this technique is more sensitive to crystallisation, structural disorder and 

defects in nanocrystalline thin films some of the other techniques. In Fig. 2, the room-

temperature Raman spectra at the range of 0–3500 cm-1 for the heterostructure Fe2O3/ZnO 

and ZnO thin film samples are given with the graphics blue-black, respectively. As seen 

from Fig.2, while the first typical Raman peak of ZnO thin film is seen at 95 cm
-1

, it is 

seen that this peak shifts to 98 cm
-1 

for Fe2O3/ZnO structure. On the other hand, the 

intensity of the peak corresponding to ZnO thin film observed at 434 cm
-1
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decreases. Also, the typical Raman peak of Fe2O3/ZnO is observed at 573 cm
-1

. The peaks 

appearing in the Raman spectrum of ZnO at 1105 and 1448 cm-1 shift toward 1108 and 

1451 cm-1 in the Fe2O3/ZnO structure. The reason causing these changes can be attributed 

to the oxygen vacancies and crystal defects formations during the deposition of Fe2O3 

layer on the ZnO layer by magnetron sputtering.  

3.2. FE-SEM (with EDX) and AFM measurements 

The thin film surface morphology of the prepared sample was revealed from the AFM 

and FE-SEM analysis techniques. Fig. 3 (a), (b) and (c) display FE-SEM micrographs of 

ZnO thin film sample, Fe2O3/ZnO heterostructure thin film, and magnified FE-SEM 

image of Fe2O3/ZnO structure grown on the glass substrate. Fig. 3 (a) shows that ZnO 

FE-SEM micrograph exhibits three-dimensional (3D) flower-like structures with 

nanometer-scale and also this FE-SEM image shows there is a very good with 

Stoichiometric formation of ZnO nanocrystals of spherical shape and prove to gather of 

the particles. This gathering results from the thermal heat reaction during the fabrication 

of the thin film fabrication and the dispersal of the crystallites are well-ordered and 

congenerous structure. This result is confirmed in the literature [20-21]. 

In Fig.3b displays the distribution of flake-like of Fe2O3 structure over the subsurface area 

of ZnO thin film with granular morphology and the surface area of the thin film have no 

pinholes. These nanosheets are seen as the sheets distributed into ZnO 3D flower-like 

structures. Fig. (3c) displays the morphology of Fe2O3/ZnO structure seen in Fig. 3 (b) 

with different FE-SEM images' magnification rate. In this Fig., the distribution of flake-

like Fe2O3 is seen more clearly over the ZnO thin film.   
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Nanosheets originate from the ingredients Fe2O3 nanoscale thin film grown on ZnO thin 

film by sputtering technique (Rf magnetron sputtering). Therefore, these Fe2O3 should 

appear on the ZnO thin film as nanosheets with nanoscale. 

FE-SEM is appointed with an EDX analysis system to make compositional analysis on 

material localisation surface area. The typical EDX spectrum demonstrates in Fig. 4 

indicates the composition instructions on components in the Fe2O3/ZnO heterostructure. 

As seen from Fig.4, the components accruing in the combination of Fe2O3/ZnO 

heterostructure and their component rates procured from EDX measurements are shown 

in the list. Fe2O3/ZnO heterostructure sample elements have consisted of O, Fe, Zn, Au 

and Si elements. Elements like O, Fe, and Zn are the elements to take place in the 

Fe2O3/ZnO heterostructure sample composition. However, the nominal rate of Au and Si 

elements are existent in the composition of this thin film sample. It is considered that Si 

element comes from the glass substrate and the presence of Au element take its source 

from Au used to overlay the surface of Fe2O3/ZnO sample before the FE-SEM 

measurement.  

Fig. 5 (a) and (b) display the 3D and 2D RMS (459 nm) AFM micrograph image of the 

Fe2O3/ZnO heterostructure, respectively. The surface roughness plays a vital role in the 

transportation of charge in thin films and determines any inter surface layer thin film 

device application features. It is seen from Fig.5 (a) that AFM topographic reveals that 

there is a smooth distribution of ZnO crystallites forming the first layer and the flake type 

Fe2O3 crystallites distributed at a less density over it. This result is also confirmed by the 

XRD and FE-SEM measurements. Additionally, the mean roughness of the Fe2O3/ZnO 

sample was found at 459 nm. As a result, it can be said that the fabricated Fe2O3/ZnO 
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heterostructure thin film sample has a highly smooth and almost uniform surface 

structure.  

3.3. Optical properties 

Optical absorption spectra of ZnO-pure and Fe2O3/ZnO heterostructure thin film samples 

are given in Fig.6 at the range of between 300 and 900 nm. It is seen from Fig.6 that 

absorption of the light is robust for these two samples in the UV range. The optical band 

gap of thin film materials can be calculated using absorption data, which is generally a 

well-known method. Optical band gap energy values of these thin film samples are 

calculated from their absorption data.  

 To calculate the absorption coefficient (ɑ) using the expression;  

    eII ad 0                                                                                                                     (1) 

where I and I0 transmitted are and incident photon radiation intensities, respectively. The 

thickness of the film is d. The optical band gap energy (Eg) values are ascertained from 

the equation: 

 ɑhυ=A (hυ-Eg) 
n                                                                                                              (2) 

herein, Eg is the band gap energy, hυ is the energy of the photon, h is the Planck constant 

A is a constant reason to the effective masses of charge carriers, and n is the power based 

on the optical transition character (n = 0.5 and 2 for direct and indirect transition, 

respectively) [22]. After calculating the αi 's, implantation these values and the values of 

the other characteristic parameters displayed in Equ.2, they are plotted the graphics of 

(ahυ)2 versus hυ for ZnO-pure and Fe2O3/ZnO heterostructure thin film samples (Fig. 7). 

It is applied the extrapolation way to determine the band gap energy, Eg, of ZnO-pure thin 

film and Fe2O3/ZnO heterostructure. According to this way, the slope at the intersection 

of the photon energy at the point where the absorption is zero gives the band gap energy 
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value.  As seen from Fig.7, the intercepts corresponding to the band gap energy of ZnO-

pure thin film and Fe2O3/ZnO structure are 3.277 eV and 3.24 eV, respectively. Due to 

doping and ensuing defect, the band structure and absorption edges change [23]. 

Significantly, the drop in the band gap with the Fe2O3 deposition another layer on ZnO 

could be assumed as the inlet of oxygen and iron energy states in the top of the valence 

band.  

3.4. Hall measurements 

Electrical and magnetic characteristics parameter of the Fe2O3/ZnO thin film sample was 

performed by using full automation cryogenic hall measuring system whose schematic 

diagram presenting its operation principle (Fig.8). As seen from Fig.8, the thin film 

sample is placed in a magnetic field produced by the experimental set-up and the Hall 

voltage, VH, and the current passing through the sample in the x-direction, Ix, is measured 

by the system. So, we entered the value of magnetic field Bz (2.5 T), and the width, w 

(0.5 cm), length, L (1.5 cm), and thickness (600 nm) of the sample as input and started 

the experimental set-up to operate. The numerical values of the Hall coefficient, (RH), 

carrier density (n), resistivity (ρ), conductivity (σ), hall mobility, μH, and also 

magnetoresistance coefficient, MRc, of the for Fe2O3/ZnO sample were calculated by a 

computer program using the B value and the measured values of VH and  

 Ix values are given in Table 2 in the following equations:  

Substituting the measured values of VH (0.455 V) and Ix (1.2x10-4 A) and given values of 

B (2.5 T) and thickness of the thin film, t (600 nm) in the equation, 

                                 𝑅𝐻 = 𝑉𝐻 𝑡𝐼𝑥𝐵                                                                    (2) 

The calculated value of RH is 9.1x10-4 m3/A.s.  Elektron's density 
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 is obtained substituting the value of e (1.6x10-19 C) and the value of RH calculated as 

above in the following equation, 

                               𝑛 =  1𝑒𝑅𝐻                                                                               (3) 

The obtained value for n is 6.88x1021 m-3. The conductivity of the sample, σ, is calculated 

using the following equation,  

                              σ =  IxVHt                                                                                 (4)          

Furthermore, the calculated value of the conductivity of the sample is 4.39x102 Ω-1.m-1. 

Substituting the values of RH and σ in the following equation, we find the value of 

mobility of the sample,             

                                𝜇𝑛 = −𝑅𝐻𝜎                                                                                   (5)    

it is obtained as 3.99x10-1 V-1.m2.s. The obtained values of these parameters are the 

expected values, and they are in a good agreement with the results obtained from 

the studies in the literature [ 24-27]. 

4. Conclusion 

 

Firstly, with this study, it has been realized that Fe2O3 thin film could be formed by 

magnetron sputtering technique on ZnO thin film produced by spray pyrolysis method 

successfully. XRD, Raman Analysis, FE-SEM, EDX and AFM studies show ZnO and 

Fe2O3 structures in the prepared Fe2O3/ZnO structure. Especially, FE-SEM analysis 

revealed that Fe2O3 nanosheets are constructed in 3D flake-like ZnO structure. These 

Fe2O3 nanosheets are observed in AFM images, and FE-SEM analysis results confirm 

this result. 

Electrical properties of Fe2O3/ZnO structure has been investigated by using galvano-

magnetic measurements. So by using the four-point method in Hall experiment, Hall 

coefficient, carrier density (n), resistivity (ρ), conductivity (σ), hall mobility (μ) and also 

magnetoresistance coefficient (MR.Coeff.) have been determined for Fe2O3/ZnO 
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structure. Due to the positive RH (=7,99E-01) value, Fe2O3/ZnO structure exhibits p-type 

electrical properties. Finally, these obtained results have shown that this fabricated thin 

film sample can be an excellent promising candidate to be used in spintronic applications. 
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Fig. 1 XRD patterns of the ZnO-pure and Fe2O3/ZnO heterostructure thin films.  
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Fig.2 Raman analysis of the Fe2O3/ZnO structure grown on the glass substrate. 
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Fig.3 FE-SEM images of (a) ZnO thin film and Fe2O3/ZnO films with magnification 

scales, (b) 1μm and (c) 100 nm, respectively. 
 

 

 
 

Fig.4 EDX spectrum of the Fe2O3/ZnO structure and the detected Fe2O3/ZnO structure 

elements with their percentages. 

 

 

 

Element Wt% At% 

OK             23.51 55.74 

FeK             1.01 0.69 

ZnK             67.48 39.16 

AuM             5.53 1.06 

SiK             2.48 3.34 
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Fig.5 AFM images of the Fe2O3/ZnO structure grown on glass substrates: (a) 3D image 

Fe2O3/ZnO, (b) 2D image (RMS: 459 nm). 

 

 

 
 

Fig.6 Optical absorbance spectra of the ZnO-pure thin film and Fe2O3/ZnO structure 

grown on glass substrates versus the wavelength of the incident photon. 
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Fig.7 Plots of (αhυ)2 of ZnO-pure thin film and Fe2O3/ZnO structure grown on the glass 

substrates versus photon energy (hυ).  
 

 

 
 

Fig.8 Schematic diagram of Hall experimental set-up presents the carrier motions, for 

(a) holes and (b) electrons. 

 

 

FIGURE CAPTIONS 

Fig.1. XRD patterns of the ZnO-pure and Fe2O3/ZnO heterostructure thin films.  

Fig.2. Raman analysis of the Fe2O3/ZnO structure grown on the glass substrate. 

Fig.3. FE-SEM images of (a) ZnO thin film and Fe2O3/ZnO films with magnification 

scales, (b) 1μm and (c) 100 nm, respectively. 

Fig.4. EDX spectrum of the Fe2O3/ZnO structure detected the elements in Fe2O3/ZnO 

structure with their percentages. 
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Fig.5. AFM images of the Fe2O3/ZnO structure grown on glass substrates: (a) 3D image 

Fe2O3/ZnO, (b) 2D image (RMS: 459 nm). 

Fig.6. Optical absorbance spectra of the ZnO-pure thin film and Fe2O3/ZnO structure 

grown on glass substrates versus the incident photon's wavelength. 

Fig.7. Plots of (αhυ)2 of ZnO-pure thin film and Fe2O3/ZnO structure grown on the glass 

substrates versus photon energy (hυ).  

Fig.8. Schematic diagram of Hall experimental set-up presents the carrier motions, for (a) 

holes and (b) electrons. 

 
Table 1. Crystal structural parameters of Fe2O3/ZnO structure grown on the glass substrate. 

 

 

 

Table 2. Measured Hall voltages (VE0+, VE1, VE2) and (VE0-, VE3, VE4) of Fe2O3/ZnO structure 

obtained using four-point probe technique under applied current values (I=±120*10 -6 A) and 

magnetic field values (B=0, +2.5, and -2.5 T) at 300 K, respectively.   

 

 

 

 

 

 
 

 

 

 

(hkl) FWHM (rd.) 
Intensity 

(au.) 
2θo 

(Observed) 
d-values 

(nm) 

Crystal 

size (D) 

nm 
Crystal 

(402) 0.00743 422 32.73 0.273 18.79 Fe2O3 

(040) 0.00764 1008 35.43 0.253 20.83 Fe2O3 

(200) 0.00767 775 37.13 0.242 21.07 ZnO2 

(102) 0.0082 232 48.49 0.187 16.47 ZnO 

(110) 0.0093 202 57.56 0.160 15.41 ZnO 

(103) 0.0177 278 63.72 0.146 13.07 ZnO 

(112) 0.0098 159 68.82 0.136 15.65 ZnO 

(100) 0.00813 390 32.75 0.278 17.20 ZnO 

(002) 0.00820 812 35.54 0.258 17.13 ZnO 

(101) 0.00857 658 37.14 0.245 16.45 ZnO 

(402) 0.00743 422 32.73 0.273 18.79 Fe2O3 

TRANSVERSE MEASUREMENTS 

Voltage Values (V) 

VE0+ VE1 VE2 VE0- VE3 VE4 

0,456281 0,455957 0,455297 -0,442168 -0,456051 -0,450322 
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Figures

Figure 1

XRD patterns of the ZnO-pure and Fe2O3/ZnO heterostructure thin �lms.



Figure 2

Raman analysis of the Fe2O3/ZnO structure grown on the glass substrate.



Figure 3

FE-SEM images of (a) ZnO thin �lm and Fe2O3/ZnO �lms with magni�cation scales, (b) 1μm and (c) 100
nm, respectively.



Figure 4

EDX spectrum of the Fe2O3/ZnO structure detected the elements in Fe2O3/ZnO structure with their
percentages.



Figure 5

AFM images of the Fe2O3/ZnO structure grown on glass substrates: (a) 3D image Fe2O3/ZnO, (b) 2D
image (RMS: 459 nm).



Figure 6

Optical absorbance spectra of the ZnO-pure thin �lm and Fe2O3/ZnO structure grown on glass
substrates versus the incident photon's wavelength.



Figure 7

Plots of (αhυ)2 of ZnO-pure thin �lm and Fe2O3/ZnO structure grown on the glass substrates versus
photon energy (hυ).



Figure 8

Schematic diagram of Hall experimental set-up presents the carrier motions, for (a) holes and (b)
electrons.


