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Abstract 

In this study, the iron oxide and copper oxide structures were grown with the DC 

magnetron and RF magnetron sputtering respectively and the CuxFe3-xO4 structure 

was grown with the co-sputtering. Structural optical and topographic examination 

of the grown thin films has been done in detail. Absorption measurements of the 

thin films were taken with the help of a Perkin Elmer UV/Visible Lambda 2S 

spectrometer at room temperature. The value of the band gap energy with the fit 

drawn in the (ahυ)2 (cm-1 eV2) counter energy graph of Fe2O3, CuxFe3-xO4, Cu2O 

thin film is grown on glass was calculated as 2.44, 2.39, 2.55 eV respectively. Also, 

the structural and topographic properties of thin film structures were investigated 

by scanning electron microscopy (SEM), atomic force microscopy (AFM), X-ray 

diffraction (XRD), X-ray photoelectron spectroscopy (XPS), and Raman 

spectroscopy. According to XPS results; the binding energies of the 2p3\2 orbital 

for the Fe3+ (Fe2O3) ion is 710.85 eV and for the Fe3+ (CuxFe3-xO4) ion is 712.49 

eV. The binding energy of the 2p3\2 orbital for the Cu1+ (Cu2O) ion is 933.64 eV, 

and for the Cu2+ (CuxFe3-xO4) ion is 935.58 eV. O2- the binding energy of the 1s 

orbital of the ions are 529.95, 531.35 and 529.39 eV for Fe2O3, CuxFe3-xO4, and 

Cu2O respectively. 
 

 
1. Introduction 

 

For a long time, extensive studies have been carried 

out on the optical, magnetic, and electrical 

properties of many nanostructures that are 

important for scientific, technological, 

environmental security, cyber security, industrial 

and medical applications [1], [2]. Evaluation of 

nano-scale events with nanotechnology and the 

development of similar ones with applications have 

created new perspectives in science. In terms of 

optical, magnetic, thermal, electrical and 

mechanical properties, nano-sized particles have 

quite different properties than micron-sized 

particles and are more advantageous [3]-[5]. These 

advantages include applications in different fields 

such as energy, environmental biology, catalyst, 

magnetic and gas sensors, and electromagnetic 

interference problems. It has a very important place 

in applications such as imaging, magnetic 

recording, magnetic cooler and magnetic printers. 
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Iron is the most abundant metal on earth. 

This element has played a role in the development 

of our civilization, as in Antiquity, as the basis of 

numerous structural materials. Corrosion processes 

associated with iron oxides (excluding pigment 

applications) and iron oxide have long been 

considered a nuisance. However, in recent years, 

iron oxides have become increasingly studied 

materials as extremely useful materials in various 

fields such as medicine, biology, catalysis, 

photovoltaics, and combustible gas sensors [6]-

[12].  

As a metal oxide, CuO attracts attention 

due to its low cost and intense solar absorption, 

which can be found in abundance in nature. 

However, CuO has been reported to be a profitable 

and promising nanomaterial for applications such 

as gas sensors, batteries, catalysis, semiconductor 

photovoltaic cells, field emission, and 

photocatalytic reactions. The CuO structure is 

grown with very different growth techniques such 
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as electrospin [13], e-beam evaporation, wet 

chemical methods [14]-[16], microwave heating 

technique [17], electropolymerization [18], and 

hydrothermal method [19]. CuO is an important 

monoclinic semiconductor with a narrow band gap 

in the (1.2-1.9 eV) range, an important structure 

used in solar cell and sensor technology. In 

addition, CuO is a p-type semiconductor material 

and worldwide research is carried out by 

researchers [20]-[22]. Copper oxide and iron oxide 

thin films are ideal materials in terms of band gap, 

especially in solar cell applications. The band gap 

of the films changes by changing the growth 

parameters (power, growth pressure, oxygen partial 

pressure, substrate temperature, etc.) [23]. 

Cations such as Cr, Co, Ni, Cu, Zn, and Ag 

can be located in interstitial sites and tetrahedral 

places instead of Fe cation with appropriate cation 

distribution in Fe2O3. Thus, changes can occur in 

the electronic and magnetic properties of 

maghemite [24]. Iron oxide and copper oxide 

structures may differ in terms of optical and 

structural properties, depending on the growth 

technique and growth parameters. Copper oxide 

and iron oxide thin films are ideal materials in 

terms of band gap, especially in solar cell 

applications. The band gap of the films grown by 

the sputter technique changes by changing the 

growth parameters (power, growth pressure, 

oxygen partial pressure, substrate temperature, 

etc.). The main applications of CuO are in 

optoelectronic and high-performance electronic 

devices [25]. CuO belongs to antiferromagnetic 

materials and has a different crystal system [17]. 

Besides, the bandgap is not a single value but a 

range of values from 1.75 eV up to 2.45eV. Copper 

vacancies in CuO play an important role in hole 

conduction [26], [27], [17], [28]. As an important 

semiconductor metal oxide, hematite (α-Fe2O3) is 

the most stable phase of iron oxide under ambient 

conditions [29]. α-Fe2O3, which is an n-type 

semiconductor with an indirect band gap of 2.2 eV, 

is regarded as an attractive material due to its 

applications in photoelectrochemical devices [30], 

photocatalysts [31], magnetic materials [32], 

pigments, anticorrosive agents and sensors [33].  

Recent studies have shown the availability 

of Fe2O3/CuO composite structures [34]-[36], 

which aim to enhance the absorption range in solar 

cell research. Adjusting the band gap is crucial for 

numerous optical applications. In this study, our 

objective is to obtain three distinct structures. The 

first two structures are commonly used in optical 

and solar cell applications, while the third structure 

is a novel combination of the first two. This study 

aims to demonstrate the impact of magnification 

techniques on various aspects of a structure, 

including its structural, optical, morphological, and 

topographic features. Additionally, the study aims 

to highlight how adjusting magnification 

parameters can lead to the creation of more 

practical and beneficial structures. 

So, it is aimed to show that thin films can 

be grown in a wide band range, especially by 

changing the growth parameters of the copper iron 

oxide structure grown by the co-sputtering 

technique. In this study, the iron oxide and copper 

oxide structures were grown with the DC 

magnetron, RF magnetron sputter technique 

respectively, and the CuxFe3-xO4 structure was 

grown with the co-sputtering. Structural optical and 

topographic examination of the grown thin films 

has been done in detail. 

 

2. Material and Method 

 
The iron oxide and copper oxide structures were 

grown with the DC magnetron and RF magnetron 

sputter technique respectively, and the CuxFe3-xO4 

structure was grown with the co-sputtering. 

The sputter technique is the growth of ions, 

atoms and molecules broken from the metal target 

on the heated substrate cleaned by chemical 

processes as a thin film with the help of inert gas. 

To break the material to be grown from the metal 

target, argon is turned into an inert gas carrier 

plasma with the help of an RF or DC power source 

and the plasma performs the detachment process by 

beating the surface of the target metal. The copper 

sputtering foil target has 2 inches (dia) x 0.005 

inches (thickness) and the iron sputtering foil target 

has 2 inches (dia) x 0.005 inches (thickness). An 

iron target was placed in the DC power gun and a 

copper target was placed in the RF gun source. The 

sputter technique has been preferred because it is a 

reproducible, relatively low cost, and low surface 

roughness film growth technique that can more 

easily control the optical and structural properties 

of the grown film. In the sputter technique, due to 

the vacuum environment, the pollution rate is lower 

and higher quality binary and triple compounds are 

grown. 

In this experimental study, an iron thin foil 

was attached to the DC power supply and a copper 

metal foil target was attached to the RF power 

supply part. While the DC power supply is 120 

watts, the RF power supply is set to 40 watts. The 

glass substrates placed for the vacuum chamber up 

to 5*10-6 Torr pressure (base pressure) were heated 

up to 450 degrees. Then 100 sscm of inert argon gas 
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was sent in and plasma was formed. Then, 40 sscm 

of argon and 3 sscm of oxygen gas were given to 

grown pressure of 8.5*10-3 Torr and growth was 

made for 35 minutes. Also, the copper oxide and 

iron oxide films grown on glass substrates at 8 

mTorr grown pressure. 

In this study, the structural, optical, and 

topographic properties of copper iron oxide 

structures grown by RF-DC co-sputtering were 

investigated by scanning electron microscopy 

(SEM), atomic force microscopy (AFM), X-ray 

diffraction (XRD), X-ray photoelectron 

spectroscopy (XPS) and UV-VIS spectroscopy and 

Raman spectroscopy. 
 

3. Results and Discussion 

 

One of the most used methods to determine the 

optical absorption edge and band gap of 

semiconductors is the absorption measurement 

method. Absorption measurements of the thin films 

on the glass substrate were taken with the help of 

Perkin Elmer UV/Visible Lambda 2S spectrometer 

at room temperature. The spectrometric 

measurement range used is 300–900 nm. In the 

measurements (Figure 1a) made, information about 

the band gap of (Figure 1b) the material was 

obtained. 

 

 

Figure 1.   a) Absorption measurements of the Fe2O3, 

CuxFe3-xO4, Cu2O thin films, b) the value of the band 

gap energy with the fit drawn in the (ahυ)2 (cm-1 eV2) 

counter energy graph of Fe2O3, CuxFe3-xO4, Cu2O 

In Figure 1b, the value of the band gap 

energy with the fit drawn in the (ahυ)2 (cm-1 eV2) 

counter energy graph of Fe2O3, CuxFe3-xO4, Cu2O 

thin film grown on glass was calculated as 2.44, 

2.39, 2.55 eV.  This value of the iron oxide film is 

compatible with the literature for maghemite and 

hematite phases. While the Fe2O3 and Cu2O thin 

films absorb at smaller wavelengths, shifts are 

observed at larger wavelengths as a result of 

doping. This may mean that the imperfections in 

the structure cause the energy gap to shrink, as it 

creates the possibility of transition at the band gab 

edge. 

The XRD diffraction pattern of the iron 

oxide, structure growing on the glass substrate is 

given in Figure 2 and it has been determined that 

the structure has a tetragonal structure. The lattice 

constants have the values a=b=8.34 𝐴̇, c=25.02 𝐴̇ 

[JCPDS 39-1346]. Cu2O (Figure 2a) has been 

determined that the structure has a cubic structure 

[JCPDS 45–0937] and the lattice constants have the 

values a=b=c= 4.26 𝐴̇ [37]. Two distinct peaks 

were observed, among which the characteristic 

maghemite and hematite peaks with orientations of 

35.84 and 18.65 degrees. Also, two distinct peaks 

were observed, which are the characteristic cuprite 

peaks with orientations of 36.5o and 42.40o [JCPDS 

05–0667 and 45–0937]. The values of the three 

peaks obtained in the XRD analysis (Figure 2a) 

results show that there is a polycrystalline structure 

for CuxFe3-xO4 thin film [38]. 
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Figure 2.  The XRD diffraction pattern of the a) Fe2O3 

b) CuxFe2-xO3 c) CuxFe3-xO4, Fe2O3 and d) Cu2O 

 

In Cu cation-doped ferrites (CuxFe3-xO4), 

oxygen ions are replaced by Cu1+ and Fe3+ ions and 

have a tetragonal and cubic strong packing 

arrangement in two different crystallographies. In a 

published study, researchers tried to understand 

how Cu atoms change the structure properties of 

maghemite with Raman measurements. They 

revealed the active modes of five Raman spectra at 

room temperature, which are compatible with 

previous Raman spectra. The Raman active mode 

for Fe2O3 shifted (Figure 3) from 670 cm-1 for 

doped CuxFe3-xO4 to 660 cm-1 in the Raman 

spectrum with Cu doping and Cu doping density 

function [39], [40]. In line with their results, the 

researchers suggested that Cu1+ ions are mostly 

located in interstitial sites places [23]. 

 

 
Figure 3.  Raman shift graph of Fe2O3 and CuxFe3-xO4 

structure 

 

Figure 3 shows the stretching vibration 

mode of the Fe2O3 film. Peaks showing the Raman 

shift are seen. It can be said that these peaks are 

relatively narrow and intense and show Raman 

active states belonging to hematite phases [41], 

[42]. 
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Figure 4.  The binding energies of a) Fe 3+, b) Cu 2+ 

and c) O-2 ions 

 

As seen in Figure 4a, the binding energies 

of the 2p3\2 orbital for the Fe3+ (Fe2O3) ion are 

710.85 eV and the binding energies of the 2p3\2 

orbital for the Fe3+ (CuxFe3-xO4) ion are 712.49 eV. 

O2- the binding energy of the 1s orbital of the ion is 

529.95, and 531.35 eV for Fe2O3, CuxFe3-xO4 

respectively.  In Figure 4b, the binding energies of 

the 2p3\2 orbital for the Cu1+ (Cu2O) ion are 933.64 

eV, and the binding energies of the 2p3\2 orbital for 

the Cu2+ (CuxFe3-xO4) ion are 935.58 eV. In Figure 

4c, O2- the binding energy of the 1s orbital of the 

ion is 529.95, 531.35 and 529.39 eV for Fe2O3, 

CuxFe3-xO4, Cu2O respectively. The peak 

intensities, which are an indicator of the number of 

bonding electrons, are very close to each other and 

the number of non-bonding electrons is low, which 

can be seen as the reason for its insulating property. 

In addition, we can say that its conductivity is low 

because the amount of oxygen and carbon with the 

atomic percentage of copper-iron oxide is high and 

it causes less oxygen vacancies that cause 

conductivity [41]. 

As seen in Figure 4(a, b, c), the graph 

showing the binding energies of Fe 3+, Cu 2+, and 

O2- ions of the CuxFe3-xO4 compound, although the 

atomic oxygen amount is almost the same as in the 

Fe2O3 compound, there has been a decrease in the 

number of bonding oxygen electrons and hence the 

intensity of the peak. The reason for this situation 

can be thought that Cu may have bonded with 

Fe2O3 as well and some Cu may have bonded with 

O [42]. 

 

 

 
Figure 5.  2D and 3D AFM images and SEM images 

of the Fe2O3 

The surface morphology of the iron oxide 

thin films was analyzed using the non-contact 

mode of AFM. Figure 5 shows 2D and 3D AFM 

images of the iron oxide films grown on glass 

substrates at 8.5 mTorr-grown pressure. The 

roughness values of the film are Ra= 1.88 nm and 

Sa=2.09 nm. In the SEM image (Fig. 5), it is seen 

that the structure is homogeneously distributed on 

the surface. In addition, a dark surface layer is 

observed, and under it, lighter colored structures 

with tetragonal shapes are observed. 
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Figure 6.  2D and 3D AFM images and SEM images 

of the CuxFe3-xO4 

The surface morphology of the copper-iron 

oxide thin films was analyzed using the non-

contact mode of AFM. Figure 6 shows 2D and 3D 

AFM images of the copper-iron oxide films grown 

on glass substrates at 8.5 mTorr grown pressure. 

The roughness values of the film are Ra= 4.83 nm 

and Sa=4.19 nm. In the SEM (Fig. 6) image, it is 

seen that the structure is homogeneously 

distributed on the surface. In addition, a dark 

surface layer is seen, on which lighter colored 

structures are seen as lumps. 

 

 

 

Figure 7.  2D and 3D AFM images and SEM images 

of the Cu2O 

The surface morphology of the copper 

oxide thin films was analyzed using the non-

contact mode of AFM. Figure 7 shows 2D and 3D 

AFM images of the copper oxide films grown on 

glass substrates at 8 mTorr grown pressure. The 

roughness values of the film are Ra= 4.44 nm and 

Sa=4.10 nm. In the SEM image, it is seen that the 

structure is homogeneously distributed on the 

surface. In addition, relatively smaller-sized 

structures are observed. 

Iron oxide and copper oxide structures may 

differ in terms of optical and structural properties, 

depending on the growth technique and growth 

parameters in terms of band gap, especially in solar 

cell applications. In this study, aims to show that 

thin films can be grown in a wide band range, 

especially by changing the growth parameters of 

the copper iron oxide structure grown by the co-

sputter technique. 

Structural optical and topographic 

examination of the grown thin films has been done 

in detail. The value of the band gap energy with the 

fit drawn in the (ahυ)2 (cm-1eV2) counter energy 

graph of Fe2O3, CuxFe3-xO4, Cu2O thin film grown 

on glass was calculated as 2.44, 2.39, 2.55 eV. The 

binding energies of the 2p3\2 orbital for the Fe3+ 

(Fe2O3) ion are 710.85 eV and the binding energies 

of the 2p3\2 orbital for the Fe3+ (CuxFe3-xO4) ion are 

712.49 eV. The binding energies of the 2p3\2 

orbital for the Cu1+ (Cu2O) ion are 933.64 eV, and 

the binding energies of the 2p3\2 orbital for the 

Cu2+ (CuxFe3-xO4) ion are 935.58 eV. O2- the 

binding energy of the 1s orbital of the ion is 529.95, 

531.35 and 529.39 eV for Fe2O3, CuxFe3-xO4, and 

Cu2O respectively.  

The band gap of the iron-copper oxide 

structure differs from that of the iron oxide and 

copper oxide structures and exhibits a value that 

falls between the two energy levels. This is 

consistent with the result reported in the literature, 

which suggests that doping induces a change in the 

forbidden band gap. SEM and AFM results show 

that the structures are homogeneously distributed 

across the surface. Angular or oval shapes are 

clearly visible. It can be observed that the 

contribution has taken on a new structural form. 

Additionally, the alteration in surface roughness 

reinforces this scenario. The changes in peak angles 

and intensities observed in the XRD results suggest 

the formation of a new crystal structure. 

As can be seen from the XPS and Raman 

results, chemical bond changes in the iron oxide 

and copper oxide structures show that the desired 

thin film is grown. In all SEM images, they are seen 

that the structure is homogeneously distributed on 

the surface. The roughness values of CuxFe2-xO3 
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film are Ra= 4.83 nm and Sa=4.19 nm and these 

roughness values are bigger than others. 

4. Conclusion and Suggestions 

 

The band gap values of 2.44 and 2.55 eV in the 

films grown by the sputter technique. These results 

are different from the literature and it can be said 

that the growth parameters and the growth 

technique are quite effective. The change of the 

band gap (2.39 eV) of the iron copper oxide 

structure grown by the co-sputtering technique is a 

natural process, but it indicates a useful method for 

band gap engineering. In addition, it can be said 

that it is a useful method to produce materials with 

suitable band gaps for solar cells. Especially by 

combining the optical and structural properties of 

binary and ternary compounds, paves the way for 

the production of materials that will work more 

efficiently. 
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