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Abstract— Copper oxide is a particularly interesting 

material because it presents photovoltaic, electrochemical 

and catalytic properties. Its unique properties are very 

important in the area of nanotechnology and may be an 

advantage in the manufacture of solar cells, nanosensors 

Copper Oxide is an extensively studied group II-VI 

semiconductor with optical properties. It exhibits a wide 

variety of morphologies in the nano regime that can be 

grown by tuning the growth habit of the CuO 

crystal.Nowadays one-dimensional nanostructures as 

nanorods, nanowires, etc., have generated a great 

importance and have received considerable attention and 

study due to their unique physical and chemical properties. 

In this work we report the synthesis, microstructural 

characterization and optical properties of CuO nanoparticles 

grown by physical vapour deposition onto a stainless steel 

and bare borosilicate glass substrate. 
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I. INTRODUCTION 

Nanostructured materials such as nanowires, nanorods and 

nanotubes, have acquired great importance in the last years 

due to their unique properties and their potential 

applications. These one dimensional (1D) nanomaterials 

have     distinguished from the nanostructured materials 

because they are key pieces in the development of 

electronic, opto-electronic and mechanical devices. The 

growing needs for innovative material sand surface 

properties is accompanied by the use of specific deposition 

techniques that allow achieving complex structures such as 

nanocomposite materials. In fact, organized nanostructured 

materials feature unique properties and attractive 

performances thanks to their large surface-to-volume ratio, 

the presence of size effects and of various defects, often 

resulting in an unexpected reactivity. CuO nanoparticles 

have been applied in different areas, including sensors 

catalysis, batteries, high temperature superconductors, solar 

energy conversion, and field emission emitters. Solar cells 

performance i.e. photo- current, open circuit voltage and 

efficiency are close related to the electronic properties of the 

absorber layer. The attractiveness of CuO as a photovoltaic 

material lies in the fact that the constituent materials are 

nontoxic and abundantly available on the earth and that the 

CuO has a high absorption coefficient in visible regions and 

low-cost producibility. It is known that the chemical and 

physical properties of the CuO are strictly dependent of its 

morphology and because of that, several investigations have 

been made on the development of different nanostructures 

of copper oxide, such as thin film [8], nanoparticles, 

nanowires [9], nanorods, and many others. These 

nanostructures have been obtained by different techniques as 

electro deposition[10], wet chemical method [11], 

hydrothermal or aqueous growth, chemical vapor 

deposition, thermal oxidation, sputtering process, copper 

plates oxidation [14], and solution combustion[6]. 

Among the various semiconducting oxides under 

research, copper oxide is attractive as a selective solar 

absorber since it has high solar absorbency and a low 

thermal emittance. Copper oxide has two phases: cuprite 

(Cu2O) and tenorite (CuO). It has been reported that Cu2O 

has a cubic structure with a bandgap of about 2.0–2.6 eV, 

while CuO has a monoclinic structure and a bandgap of 1.3–

2.1 eV [12]. The p-type conduction property of copper oxide 

is mainly attributed to the negatively charged Cu vacancies 

[13].Amongst the mono oxides of 3d transition series 

elements, CuO is unique as it has a square planar 

coordination of copper by oxygen in the monoclinic 

structure. 

The reduction in the particle size in the case of 

semiconductors results in the increase in the band gap which 

results in the shift of the light absorption towards in the high 

energy region. The aim of the present work is to study the 

microstructure and optical band gap of the synthesized 

nanoparticles.It is expected that physical sputtering of Cu in 

high pure Ar atmosphere can also be utilized to fabricate 

Cu-based oxide films. Even though there are many methods 

for modifying the surface of the stainless steel devices, 

sputter deposition of thin films has increased adhesion of 

copper layer on the metal surface Here we are using 

magnetron sputtering technique in order to deposit the 

copper on the substrate after which annealing process is 

carried out to form copper oxide. 

II. EXPERIMENTAL METHODS 

A. Substrate 

 
Fig. 1: Shows stainless steel substrate(a)Uncoated (b)Coated 

and annealed at 600°C 
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The substrate used is stainless steel 316L.The steel is cut 

into the rectangular pieces of 20mm×12mm. De-ionized 

water was used all the way through the synthesis and 

ethanol was used for the washing purpose. Borosilicate glass 

substrate is also used for the deposition so that the uv 

spectroscopy can be conducted on it. The figure below 

shows the stainless steel substrates one is uncoated and other 

are coated. 

B. Synthesis of Copper oxide Nanorods 

Here the synthesis of copper oxide nanorods is done by 

physical vapour deposition technique. In physical vapour 

deposition we are using magnetron sputtering method 

because, magnets are used to increase the percentage of 

electrons that take part in ionization events, increase 

probability of electrons striking Argon (inert gas inside the 

chamber), increase electron path length, so the ionization 

efficiency is increased significantly. Other reasons to use 

magnets are, Lower voltage needed to strike plasma, 

Controls uniformity, Increased deposition rate.  The target 

(copper) is the source material. Substrates (stainless steel 

316 L) are placed in a vacuum chamber and are pumped 

down to a pressure of 0.001 torr. This pressure is achieved 

by rotary pump which requires around 1 hour. In any case 

the vacuum in the chamber must be around 0.05 torr to 0.01 

torr to carry out the sputtering process. The base pressure of 

argon is kept as 30 kg/cm2 Sputtering starts when a negative 

charge is applied to the target material causing a plasma or 

glow discharge. 

 
Fig. 2: Magnetron Sputtering[5] 

The main function of argon gas in magnetron 

sputtering in this experiment was to be used as the sputter 

gas because argon gases tend not to react with the target 

material or combine with any other gases. The deposition 

time for the deposition of copper oxide thin film was set to 

50minutes in order to produce copper oxide thin film. The 

current and voltage was set to 0.2 amperes and 400 volt 

respectively. Positive charged gas ions generated in the 

plasma region are attracted to the negatively biased target 

plate at a very high speed. This collision creates a 

momentum transfer and ejects atomic size particles form the 

target. These particles are deposited as a thin film into the 

surface of the substrates. Once the atoms are sputtered from 

the copper target, they are accelerated to high potentials in 

the gap between the electrodes due to applied voltage and 

they strike on SS 316L substrate at high velocity. The 

growth of thin films is influenced by the type of substrate 

material, angle of incidence of the sputtered atoms and their 

surface energy. Once they get adsorbed on the SS 316L 

substrate they travel continuously by random walk on the 

metal surface until their energy is lost completely. 

Now the deposited samples were annealed into the furnaces 

at 600°C for 1 hour. 

The samples were then undergone for 

characterization such as XRD, SEM, UV spectroscopy and 

FTIR analysis. 

III. RESULTS AND DISCUSSION 

A. X-Ray Diffraction Analysis 

Here we found single crystal nanostructure of CuO 

characterized by x-ray diffraction at room temperature using 

Cu - Kα radiation. From figure 2, it is clear that material 

exhibit monoclinic structure and the peak developed was 

well matching with the JCPDS data of CuO. From the XRD 

peaks, it was concluded that the CuO nanoparticles is 

crystalline in nature. The CuO nanoparticles exhibited 

monoclinic structure having lattice constant a= 4.6833Å, b= 

3.4208Å and c= 5.1294Å. 

 
Fig. 3:  XRD patterns of CuO thin films annealed at 600°C 

B. Scanning Electron Microscopy Analysis 

The SEM image of CuO nanoparticle under different 

magnification is shown below: From the image of SEM 

micrographs we conclude that the nanoparticles are 

clustered. The microstructure of the films was substantially 

affected by the annealing temperature. The growth of CuO 

thin film resulted in a densified surface morphology which 

is homogeneous consist of ellipse shaped and spiral 

nanocrystalline particles oriented in randomly fashion. 

 

 
Fig. 4: Shows SEM image of CuO nanoparticles annealed at       

600°C at different magnification 
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Fig. 5: Shows SEM image of CuO nanoparticles annealed at   

650°C 

C. FTIR Analysis 

FTIR spectroscopy uses Michelson interferometer to 

produce an interferogram and the spectrum of CuO. The 

spectra of deposited films is shown in the figure which is 

annealed at 600°C are characterized by a strong band with 

one transmittance minimum of about 518, 530 and 1438 cm-

1 respectively. The FTIR spectrum (Figure.) shows bands at 

around 660,518 and 487 cm-1, which can be assigned to the 

vibrations of Cu(II)-O bonds. There is sharp peak observed 

at 660 cm-1 in the spectrum CuO nanoparticles which is the 

characteristics of Cu-O bond formation. The broad 

absorption peak at around 3388 cm-1 is caused by the 

adsorbed water molecules since the nano-crystalline 

materials exhibit a high surface to volume ratio and thus 

absorb moisture. 

 

 
Fig. 6: FTIR spectra of copper oxide thin film annealed at 

600 °C 

D. UV Spectroscopy Analysis 

The optical properties of CuO nanoparticles have been 

studied by the UV-VIS Spectrum which is shown in fig. 

When a semiconductor absorbs photons of energy larger 

than the gap of the semiconductor, an electron is transferred 

from the valence band to the conduction band there occurs 

an abrupt increase in the absorbency of the material to the 

wavelength corresponding to the band gap energy.   

CuO thin film decreases linearly in the wavelength 

range from 500 nm to 800 nm and has large absorbance at 

wavelength near IR region.The band gap of the CuO can be 

determined by exrapolating the linear portion of the 

absorption spectrum to zero.The energy band gap using λg 

=890 nm as 2.2 eV. 

 

 
Fig. 7: UV Vis absorption spectrum for CuO thin film 

IV. CONCLUSION 

Using magnetron sputering ,CuO is deposited and the phase 

and  regulation of the optical band gap are evaluated.The 

CuO nanoparticles prepared in the present study is 

crystalline and SEM images shows a homogeneous 

distribution of spherical CuO nanoparticles. Microstructure 

of the films changes on varying film preparation conditions, 

particularly the annealing temperature.  From Optical 

absorption analysis the direct band gap is higher as 

compared to indirect band gap which also confirms that the 

obtained nano CuO is crystalline in nature. The CuO 

nanoparticles obtained have relatively large band gap due to 

its small size which results in quantum confinement effect. 

Therefore this nanomaterial could be used as a wide band 

gap semiconductor. 
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