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                       Abstract 

Nanomaterials are now widely used in a variety of fields, 

such as biomedicine and industry, and the world is 

experiencing its worst conditions yet as a result of the 

spread of bacteria and the rise in the number of people 

infected with various diseases as a result of coming into 

contact with nanomaterials. The spread of pollution can be 

curtailed by the use of new techniques and experiments. 

Microorganism membranes can be penetrated by 

nanoparticles, making nanostructured materials a necessity 

in biological research. The plasma jet technology is 

powerful enough to sterilize and kill the bacteria in a small 

space. There are a wide variety of industrially essential 

coatings that Magnetron sputtering can be applied to, 

including those used in the medical industry. We'll go over 

the history, foundation, and several uses of this method in 

this review. Other recent discoveries, such as the creation 

of copper oxide nanoparticles in each of the two processes, 

are also covered. It can be used in a variety of fields, 

including biomedical applications. Nanoparticles of copper 

oxide have the potential to sterilize and kill 

microorganisms, making them a crucial medical tool to 

have on hand. 

 

 

Introduction 

The magnetron configuration is one of the applications for developing the method of coating, it can 

modify the power of electrodes cathode and anode to get a product. Sputtering is a very important 

technique particularly when it comes to the magnetic field (magnetron). The effect of magnetic field 

confinement onto electrodes gained many acceptable results [3-7]. The electrode (anode) is located 

vertically on cathode to let the substrate bombardment appear with high power. The physical 

sputtering combination and all reactions on the surface of target in a plasma environment is termed 

reactive plasma sputtering.  As a consequence of different parameters, some explanations can be 
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workable [8, 9]. Via sources (one or two) like metals, semiconductors or insulators in Ar/O2 or extra 

effective gases for deposition drives are frequently selected to rise the sputtering yield with respect to 

the components of chemical structure that can be resumed [10]. The yield of sputtering indicates to 

get a good films homogeneity and refer to low-cost production, particularly with gases reactive in 

magnetron plasma sputtering. In fact, the cathode and anode will act together depending on the 

addition of a gases that have many reactive features. The target of potential in the sputter yield atoms 

form the target will be increase. The feature for producing the breakdown voltage of distance “pd” 

and pressure is very important, however it has little reliability on the electrode material that defines 

the secondary electrons and an electric field is recognized linearly with pressure (E =V/d) [11]. Thus, 

the minimum p.d in the Paschen’s curve represents the minimum value of break down voltage that is 

equal to generate the gas discharge p.d: 

 

While the value of pressure and distance between two electrodes is exactly huge, the ions released in 

the gases are decelerated due to serious collisions therefore, it will hit the target via way of energy to 

generate emission of secondary electrons.  Commonly sputtering discharges voltage is comparatively 

enormous. The number of ions increase because the collision with atoms of gases will increase also 

[11]. Whole ions are coming back to the electrode and delivers many electrons.  The gases will 

current and voltage will drop, then current value will increase gradually [12]. Additionally, the 

secondary electrons of the material are 0.1., and one ion will smash the region of the electrode 

(cathode) to discharge the secondary electron. Therefore, the region of normal glow that observers 

the electrode bombardment will help the surface of electrode establish the mechanism of sputtering. 

At first, the bombardment is not humongous. Normally, the bombardment increases the shield when 

the power is accessible; the electrode surfaces up until the current density (J) is understood [13]. 

Subsequently, the voltage V and J in discharge increase when power produces also increase [14]. If 

the target is un-cooled, both of thermal and secondary electrons are emitted when the value of (J) 

current density about (0.1A/cm2). It relies on the average of mean free path distance between the two 

electrodes also the emission of secondary electrons. Each electron needs from 10 to 20 ions for the 

novel avalanche to stand up. The secondary electrons cannot undertake passable number of collisions 

ion to hit the electrode anode [15]. Also, Kelly and Arnell have defined the dark space [16-17]. The 

electrons are accelerated from the cathode to anode which are caused to collide with ions [18]. 

Because of the variations from its fabrication process, cuprous oxide (Cu2O) is a p-type 

semiconductor with varied optical properties. [19]. copper oxide: Cu2O and CuO, known as (cupric 

oxide), have been grown using a variety of techniques [18-19]. Additionally, the energy gaps for 

(Cu2O) molecule [6–13], as well as (CuO) molecule [10–13] films, which have been reported in 

literature, rely on a manufacturing procedure Energy gap values for (Cu2O) molecule range (2.10-

2.60) eV [6-13], whereas CuO has been reported to have an energy gap of 1.3-2.1 eV [10, 13]. Films 

made of Cu2O absorb light at wavelengths as short as 600 nm, whereas films made of CuO absorb 

light across the whole visible spectrum [19]. Moreover, copper oxide films are used in many other 

applications. A band gap energy values of copper oxide films have been reported to be suitable for 

utilization as solar energy conversion windows [20]. Spectrally selective variable reflectance coatings 

based on copper oxide films have been demonstrated by Richardson in architectural applications. 

Requirements for solar cell windows include transparency in the visible spectrum and low electrical 

resistance (ρelectrical). Despite of its requirements, CuO has large value of electrical resistivity 

(ρelectrical). The range of resistivity from 102 to 104 Ohm cm, are prepared by thermal preparation 

methods and no much difference in electro-deposition method which is around (104 -106 Ohm cm) 
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[15]. Many efforts were prepared in works to fabricate copper oxide Cu2O nanostructure with small 

(ρelectrical). Many researchers [14,15] have been struggling to synthesize copper oxide nanostructures 

via magnetron sputtering, which had the potential to yield a range of copper oxide nanostructure 

films with stoichiometry changing from rich copper to Cu2O nanostructures and lastly (CuO) via 

varying the parameters in the plasma sputtering system. Copper oxide nanostructure films was 

prepared by direct current DC, radio frequency RF and reactive sputtering, it could change the 

resistivity of the prepared nanostructure films by controlling in the oxygen ratio (pressure of O2). 

CuO nanostructure films with resistivity as low as 25 Ohm cm and the output power was 200 watts in 

the plasma sputtering system.  Truthfully, this review purposes to characterize plasma magnetron 

sputtering technique and optimize the magnetron configuration with operation conditions to study the 

preparation of different molecular phases of copper oxide thin films and nanostructures at optimum 

conditions. The plasma jet technique represents one of the best it has huge utility because of its 

features, [19-20]. The atmospheric pressure plasma jets a good optimum for numerous applications, 

like surface modification, medical treatment and nanoparticles [21]. The characterization of plasma 

provides the limitless prospective to study the biomedical applications. These techniques are used to 

kill and treat diseases (virus and bacteria) and decontaminate and remove cells without affecting 

necrosis to treat cells [21]. Additionally, it has a simple design. The cathode (high-voltage electrode) 

is commonly made from a needle syringe with metal pin or the use of a glass needle. Biomedical 

applications should be adjacent room temperature and takes a short current when the system of 

plasma was used. The discharge gas flows over the pin at a different flow rate and uses the controller 

to regulate the gas flow rate [21].  The application, like cancer treatment sterilization, bleaching 

(dentistry), and healing of wound treatment have been demonstrated [22]. It is important to know the 

parameters of plasma-like electron temperature and density of electron. To obtain these parameters at 

low-pressure plasma, this microorganism produces some enzymes which are associated with the 

pathogenesis of P. Aeruginosa infections. In spite of the developments in antibiotic treatment, P. 

Aeruginosa is basically resistant to a number of that antibiotic [23]. Cold plasma can support as an 

alternative to other conventional decontamination methods like heat, chemical, and irradiation 

sterilization methods, especially for sterilizing heat-sensitive tools. It encourages an effective 

killing/sterilizing of the microbes and decreases the pollution [24]. 
 

Synthesis of CuO and Ag Nanostructures 

The highest components of home-made reactive magnetron sputtering system is shown in Figure 1. 

Two magnetrons at the cathode and anode electrodes were verified. 
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Figure 1. The schematic diagram of sputtering system  

 

The design of electrodes was shown in Fig. 2. The cathode and anode are made of copper; and the 

thickness of diameter for each disc is (6 cm and 3 mm), respectively. The concentric magnets have 

been put behind each cathode and anode to create the magnetron fields. Also, the inner and outer 

diameters of the magnets are 2 and 5 cm, respectively. Both electrodes have been combined to power 

supply (direct current) to make power available for discharge. The anode was fixed perpendicularly 

as the electrode (anode), while the cathode was the moved upper electrode and the spacing of two 

electrodes were prepared (1- 6) cm. 

 

 
 

Figure 2. The discharge electrode design  
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Paschen's curve of Ar gas with magnetrons of different inter-electrode distance (from 2 to 4.5cm) 

have been shown in Fig. 3. The curves are shifting to higher breakdown voltages, with the increase of 

inter-electrode distance. When the pressure is low, the electrons must have more energy to complete 

the ionization of neutral atoms [21]. 

 

 

Figure 3. Paschen curves at different inter-electrode distance using Ar gas discharge [21]. 

 

Figure 4 shows the magnetic field intensity. The top value was observed at inter-electrode distance 

4.5 cm, while the lowest value was at inter-electrode distance 2 cm. The probe diameter stayed 

around (0.8 cm). The interfering between magnetic field lines and high interfering occurred at the 

midpoint of distance of (2 cm).  When the distance between electrodes reaches the “no interference” 

conditions at inter-electrode distance ≥ 5 cm the acceleration of electrons via electric and magnetic 

fields has more drift velocities then the probe might not attract from their paths between two 

electrodes [21]. 
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Figure 4. The magnetic field intensity (B-field) with inter-electrode distance (d) [21]. 

 

 
 

Preparing CuO requires a direct current reactive dual magnetron sputtering. The target (cathode) was 

made of high pure copper disk (99.999%). The nanostructured oxide films have been produced in an 

Argon: Oxygen gases. The substrates, which are made of glass, were cleaned before being placed 

inside the discharge chamber. The total gas pressure was 5*10-2 mbar., and inter-electrode distance 

was 2.5 cm with controlling to ratio of Argon: Oxygen gases, are between 1:1 and 2:1. Conversely, 

two phases cupric (CuO) and corpus (Cu2O) have been produced. The discharge current was 300 

milliampere while the discharge voltage could be accurately changed from 0 to 2000 volt. The 

deposition rate took about 5-8 minutes to obtain dark films of copper oxide CuO. To get more 

crystallinity and obtain a new phase of copper oxide Cu2O, the samples films of CuO have been 

annealed at 450 Co and the time was 2 hours to gain high homogeneity in the structures. XRD 

examination and (FTIR) Fourier transforms infrared spectroscopy model Shimadzu 8400S, were used 

to characterize the samples of copper oxide nanostructure films. The samples in gas sensing 

applications were examined at various temperatures and with various gases using a home-made 

apparatus. For the XRD patterns of pure phase Cu2O and CuO at 2*10-2 mbar with Argon: Oxygen 

1:1 and 1:2 gas mixing rates, respectively, as shown in Figure 3. Cupric oxide phases and cuprous 

oxide peak characteristics match those of the samples' peaks. CuO nanostructures may be seen as two 

peaks at 2ϴ 38.18° and 38.57° with (hkl) values (111) and (110). At 2 of 29.52 degrees, there are 

four peaks with (hkl) of (110), (111) and (200) that suggest the presence of Cu2O. It is conceivable 

that the increased crystallinity of copper oxide results from an increase in oxygen ratios [24,25]. 
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Figure 5: Radiation analysis, specifically X-ray diffractograms Using the magnetron sputtering process, patterns of CuO 

films were created at a distance of (d= 2.5 cm) without any heat treatment. Heat-treated Cu2O films at (2.5 cm) between 

electrodes after magnetron sputtering at 450 Co for 2 hours were analyzed using the XRD technique.[20] 

 

This review has shown the phase of CuO and Cu2O thin films prepared via a dual magnetron 

sputtering technique at inter-electrode distance of 2.5 cm with mixing ratios of Argon: Oxygen gases 

without and with annealing, and achieving these samples as a gas sensor application. It is very 

important to study the degree of gas sensitivity through NO2 and NH3 gases. The sensitivity to NO2 

gases is upper than sensitivity to NH3 gases, according to the results of the experiment. It was very 

important to detect the toxic gas leak in hospitals and laboratory.  

 

 
 

Figure 6-a Time-dependent sensitivities of CuO nanostructure films produced by using dual magnetron sputtering and 2.5cm inter-

electrode spacing in NH3 and N2, respectively, without or with heat treatment. [20]. 
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Figure 6-b Effect of working time on the sensitivities of dual magnetron sputtering-produced Cu2O films, measured with and without 

heat treatment of NO2 and NH3 gas at a 2.5cm inter-electrode distance. [20]. 
 

 

 

 

figure 7 and figure 8 display synthesizing by atmospheric-pressure plasma jet for copper oxide 

nanoparticles CuO and the experimental system [22], where the polycrystalline structure has been 

referred. 

 
 

Figure 7 The atmospheric-pressure plasma jet [21]. 
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Figure 8 The powders of copper oxide (a) Without CuCl2 and (b) With CuCl2[21]. 

 

 
 

 

The adsorption of organic contaminants and the production of solar cells are only a few of the many 

uses for copper oxide nanoparticles. Using this approach to manufacture copper oxide for biomedical 

applications is a decent first step, and the results can be deemed satisfactory. 

Figure 9 shows the transmission electron microscopy TEM image of the Ag nano-structures 

synthesized at (80 wt%) AgNO3 and (20 wt%) sucrose with, preparation time of 25 min image a and 

b. The uniform, which is shaped similar (palm fronds), has been a grown-up and the smallest particle 

size was 20 nm. Whereas these shapes were vanished when the concentration becomes (60 wt% 

AgNO3) and (40 wt%) sucrose at the same syntheses time 25 min, at that time, the Ag nanoparticles 

with minimum particles size was 10 nm as shown in Figure 9 (c) can be clearly comprehended. These 

results were assisted to employ the Ag nanoparticles for killing/sterilizing some types of bacteria. 

 
 

 

Figure 9. TEM images of AgNPs prepared at different ratio of AgNO3 with different preparation time 
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Figure 10 shows the antibacterial activity of silver nanoparticles AgNPs. It was a perfect inhibition 

zone after a 24-hour incubation at 37 oC in the plate. It was a good result to get the susceptible of 

strains to Ag nano-particles that display a large inhibiting zone, of two kinds of bacteria as shown in 

Table 1. 

 

Figure 10. The bio-activity of (AgNPs): a- Staphylococcus and b E.coli. 

Table 1.  Inhibition zone in mm. 

Sample No. Control Staphylococcus (mm) Escherichia Coli (mm) 

1 - 15 16 

2 - 17 15 

3 - 19 14 

4 - 16 17 
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Conclusions 

Numerous latest novel progresses prepared in a magnetron sputtering and atmospheric pressure 

plasma jet techniques were tackled in this review. It included the modification of both techniques in 

many several applications. Improvements in magnetron sputter and plasma jet sputtering have made 

it possible to produce critical tools for sterilization and decontamination in various environments. 

The products of some new essential studies in this review was correspondingly included in the 

preparation of nano-particles of copper oxide and a well-thought-out worthy challenge for 

killing/sterilizing bacteria/virus and detect toxic gases by using high novelty of copper oxide gas 

sensor. As a result, this study presents an overview of magnetron sputtering in the atmospheric–

pressure plasma jet process, as well as highlighting the prospective applications of these techniques. 
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