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AAABSTRACTBSTRACTBSTRACT   

Copper nickel oxide (CuNiO2) thin films were 

deposited on to glass and p- silicon substrates 

held at room temperature employing DC 

reactive magnetron sputtering at oxygen 

partial pressures in the range from 8×10-5 

mbar to 6×10-4mbar. Influence of oxygen 

partial pressure on the physical properties 

was investigated. The films formed at oxygen 

partial pressures ≤ 3×10-4mbarwas of CuNiO2 

along with metallic copper and nickel. The 

films deposited at ≥ 3×10-4 mbar were of 

single phase CuNiO2. The films formed at low 

oxygen partial pressure 8×10-5 mbar were 

amorphous phase, and at 3×10-4 mbar were of 

(111) reflection with tetragonal CuNiO2. 

Electrical resistivity of the films increased 

from 0.47 Ωcm to 6.4×10-1 Ωcm and optical 

band gap increased from1.92 eV to 2.16 eV 

with increase of oxygen partial pressure from 

3×10-4 to 6×10-4 mbar.  

Keywords:—CuNiO2 films, DC magnetron 

sputtering, structure, electrical, Optical 

properties 

   

I. II. II. INTRODUCTIONNTRODUCTIONNTRODUCTION   

Transparent conducting oxides are widely 

used in thin film form for solar cells, 

t ransistors,  l ight emitt ing diode, 

electrochromic devices and gas sensors. 

Transparent conducting coatings, indium tin 

oxide, fluorine doped tin oxide, indium and 

gallium doped zinc oxide are of n-type 

semiconductors. In order to meet the 

requirement for transparent thin films for 

optoelectronic devices, p-type transparent 

conducting thin films are required with 

electrical and optical properties. Most of the 

metal oxides are insulators or n-type 

semiconductors [1]. Copper oxide (CuO2) 

and nickel oxide (NiO) are p-type 

semiconductors [2, 3]. Nickel oxide is a 

semitransparent p- type semiconductor with 

optical band gaps in the range 3.5 – 4.0 eV. 

Along with nickel oxide, copper oxide 

considered as prime semiconductor for 

application in solar cells since it is of high 

activity and selectivity in oxidation and 

reduction reactions [4]. It has direct band 

gap from 1.2 eV to 2.1 eV. Copper - nickel 

oxide thin films have been studied for 
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potential application in electrochromic 

devices [5, 6] and transparent coatings for 

light emitting diodes [7, 8]. It finds 

applications in photocatalytic performance 

of phenol degradation [9], antibacterial 

activity against Escherichia Coli [10] and 

corrosion resistance coatings [11]. It was 

also realizedp-Si/CuNiO2/Al as photodiode 

[12], sensing of NO2[13] and hydrogen 

gases [14, 15], and p-layer in solar cells 

[16]. Various thin films deposition 

techniques namely sol-gel [4], spray 

pyrolysis [10], electrochemical deposition 

[6], DC magnetron[11], RF magnetron 

sputtering [7, 12, 14], spin coating [16] and 

successive ionic layer absorption and 

reaction [17] were employed for preparation 

of copper nickel oxide films with different 

content of copper in nickel oxide. In this 

investigation, thin films of copper nickel 

oxide (CuNiO2) films were deposited on to 

glass and p-silicon substrates by DC 

reactive magnetron sputtering of composite 

target of Cu50Ni50 at different oxygen 

partial pressures and sputter pressure of 

1x10-2mbar. The effect of oxygen partial 

pressure on the structural, electrical and 

optical properties of the films was studied.  

II. EII. EII. EXPERIMENTATIONXPERIMENTATIONXPERIMENTATION   

Thin films of copper nickel oxide (CuNiO2) 

were deposited on to glass and p- silicon 

substrates by DC reactive magnetron 

sputtering method. Sputter system 

employed for deposition of films was 

pumped by diffusion pump backed by rotary 

pump. Oxygen was used as reactive gas and 

argon as sputter gas for deposition of the 

films. After obtaining the ultimate pressure 

5×10-6mbar, oxygen gas was introduced 

into the sputter chamber through fine 

controlled needle valve to achieve oxygen 

partial pressure in the range from 8×10 -

5mbar to 6×10-4mbar. Sputter gas of argon 

was admitted into the sputter chamber to 

reach sputter pressure of 1×10-2mbar. 

Schematic of the sputter system employed 

for deposition of the films is shown in 

figure1. The films were deposited by 

sputtering the composite target of cupper-

nickel (Cu50Ni50) with 99.95% purity on to 

glass and p-silicon substrates held at room 

temperatures (30oC). The deposited films 

were characterized for their chemical 

composition, structure, electrical and 

optical properties. Deposition parameters 

fix for the growth of the films were given in 

the table 1.Thickness of the deposited films 

measured with Dektak depth profilometer 

was in the range 90-110 nm. Chemical 

composition of the deposited films was 

determined with energy dispersive X-ray 

analyzer (Oxford Instruments Inca Penta 

FETX3) attached to the scanning electron 

microscope (Carl Zeiss model EVO MAIS). 

Crystallographic structure of the films was 

studied with X-ray diffractometer (X’pert 

Pro PAN Analytical) using copper Cu Kα 

radiation (λ = 0.15406 nm). Surface 

morphology of the films was analyzed with 

atomic force microscope. Electrical 

resistivity of the films was measured using 

van der Pauw method. Optical transmittance 

in the wavelength range 300 - 1000 nm was 

recorded with JASCO (model V570) UV-

Vis-NIR spectrophotometer to determine 

optical band gap. 

III. RIII. RIII. RESULTSESULTSESULTS   ANDANDAND   DISCUSSIONDISCUSSIONDISCUSSION   

Deposition rate of the films depend on the 

oxygen partial pressure prevailed in the 

sputter chamber. Dependence of deposition 

rate of copper nickel oxide films on the 

oxygen partial pressure is shown in figure 

2. The films formed at oxygen partial 

pressure of 8×10-5mbar were 14.8 nm/min. 

and decreased to 9.4 nm/min with increase 

of oxygen partial pressure to 6×10-4 mbar. 

The decrease in the deposition rate with 

increase of oxygen partial pressure was due 

to decrease in the sputter yield of copper 

nickel due to reaction of oxygen and form 

CuNiO2 films. Similar decrease in the 

deposition rate with increase of oxygen 
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partial pressure was noticed by Lu et al. in 

DC magnetron sputtered copper oxide films 

[18].  

III (a). Chemical composition 

Energy dispersive X-ray analysis spectra of 

copper nickel oxide films formed on silicon 

substrate at different oxygen partial 

pressures are shown in figure 3. The spectra 

of the films showed the kinetic energy 

peaks of copper, nickel and oxygen along 

with silicon. Silicon in the spectrum present 

was due to the signal from silicon substrate. 

EDAX spectra showed the intensity of 

oxygen peak enhanced with the increase of 

oxygen partial pressure. Chemical 

composition of the films was evaluated 

from the intensity of the kinetic energy 

peaks of copper, nickel and oxygen. 

Chemical composition of CuNiO2 films 

deposited at different oxygen partial 

pressures are given in table 2. The films 

formed at low oxygen partial pressure of 

8×10-5 mbar contained copper of 20.8 at. %, 

nickel of 21.4 at. % and oxygen of 57.8 at. 

% whereas those deposited at 3×10-4mbar 

showed the content of copper 16.6 at. %, 

nickel 17.1 at. % and oxygen 66.3 at. %. 

The films formed at low oxygen partial 

pressure of 8×10-5 mbar was deficiency of 

oxygen because of insufficient quantity of 

oxygen prevail the sputter chamber to react 

with the sputter species and form oxide 

films. There these films were of metallic 

copper and nickel along with CuNiO2. 

When the oxygen partial pressure increased 

to 3×10-4 mbar, required oxygen is available 

in the sputter chamber to react with copper 

nickel and form CuNiO2. It indicated that 

oxygen partial pressure of 3×10-4mbar is an 

optimum to form CuNiO2 films by DC 

reactive magnetron sputtering. 

III (b). Structural studies 

Figure 4shows the X-ray diffraction profiles 

of copper nickel oxide films formed at 

different oxygen partial pressures. It is seen 

that the films formed at low oxygen partial 

pressure of 8×10-5 mbar were of X-ray 

amorphous. The films deposited at 1×10-4 

mbar showed a weak diffraction peak 2θ at 

37.2o related to the (111) reflection of 

tetragonal structured CuNiO2 (JCPDS Card 

No. 06-0720) in the amorphous background. 

As the oxygen partial pressure increased to 

3×10-4mbar the intensity of the (111) 

reflection enhanced. At higher pressures 

there was decrement in the crystallinity of 

the films. The crystallite size determined 

from the (111) reflection of the films 

formed at oxygen partial pressure of  

3×10-4mbar was 6 nm and decreased to 4.5 

nm at 6×10-4 mbar. The dislocation density 

and strain developed was calculated from 

the (111) reflection in the films. The 

dislocation density increased from 2.7×1016 

lines/m2 to 4.9×1016 lines/m2 and the strain 

increased from 5.6×10-3 to 7.5×10-3 with 

increase of oxygen partial pressure from 

3×10-4mbar to 6×10-4mbar respectively. 

III(c). Surface morphology 

Surface morphology of the deposited films 

was analyzed with atomic force microscope. 

Figure 5 shows the two- and three- 

dimensional atomic force micrographs of 

the films formed at different oxygen partial 

pressures. Grown grains were of spherical 

shape with uniform distribution on the 

surface of the films. Size of the grains 

increased from 56 nm to 89 nm with 

increase of oxygen partial pressure from 

8×10-5 mbar to 3×10-4 mbar respectively. At 

higher partial pressures the grains were 

segregated and form as clusters. The root 

mean square roughness of the films formed 

at low partial pressure of 8×10-5 mbar was 

2.0 nm. As the pressure increased roughness 

increased and reached to 4.6 nm at oxygen 

partial pressure of 3×10-4 mbar.  
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III(d). Electrical properties 

Electrical resistivity of the CuNiO2 films 

formed at different oxygen partial pressures 

is given in figure 6. The electrical 

resistivity increased with increase of 

oxygen partial pressure. The films formed 

at low oxygen partial pressure of 8×10-5 

mbar were 6.4×10-2 Ωcm. The electrical 

resistivity of the films formed at oxygen 

partial pressure of 6×10-4 mbar increased to 

0.64 Ωcm. Low electrical resistivity of the 

films formed at low oxygen partial pressure 

of 8×10-5 mbar was due to deficiency of 

oxygen and those deposited at oxygen 

partial pressure of 3×10-4mbar were of 

CuNiO2. Increase in the resistivity with 

increase of oxygen partial pressure was due 

to increase in the content of oxygen that is 

filling of oxygen ion vacancies in the films. 

The electrical resistivity of the films formed 

at oxygen partial pressure of 3×10-4mbar 

was achieved was 0.47 Ωcm. Miyata et al. 

[19] reported high electrical resistivity of 

3×104 Ωcm in RF magnetron sputtered 

CuNiO2 films because of low hole 

concentration. Chen et al. [5] reported the 

electrical resistivity of 0.02 Ωcm in Cu (18 

at. %) doped NiO films formed by RF 

magnetron sputtering. Hall mobility 

measurements indicated that the films were 

of p- type in electrical conduction. The hole 

mobility of the films decreased from 2.03 

cm2/V.sec. to 1.16 cm2/V.sec. with increase 

of oxygen partial pressure from 8×10-5mbar 

to 6×10-4 mbar. The hole concentration 

decreased from 4.2×1019 cm3to 8.4×1017cm3 

with increase of oxygen partial pressure 

from 8×10-5 mbar to 6×10-4 mbar. 

III(e). Optical properties 

Optical transmittance of the films formed 

on glass substrates was studied to 

understand the optical absorption and to 

determine the optical band gap. The optical 

transmittance of the films was influenced 

by the oxygen partial pressure maintained 

during the deposition of the films. Figure 7 

shows the optical transmittance spectra of 

CuNiO2 films formed at different oxygen 

partial pressures. Optical transmittance of 

the films deposited at oxygen partial 

pressure of 8×10-5 mbar was 40%. As the 

oxygen partial pressure increased the 

transmittance of the films increased to 65% 

at oxygen partial pressure of 6×10-4 mbar. 

Low transmittance at low oxygen partial 

pressures was due to the scattering of 

photons by oxygen vacancies that is 

metallic copper and nickel. When oxygen 

partial pressure increased to 3×10-4 mbar the 

oxygen ion vacancies reduced hence 

increase in the transmittance in the CuNiO2 

films. The fundamental optical absorption 

edge of the films shifted towards lower 

wavelength side with increase of oxygen 

partial pressure. The optical absorption 

coefficient (α) was determine from the 

optical transmittance (T) and thickness of 

the films (t) using the relation  

Α= -(1/t) ln(T) .................. (1) 

The optical band gap (Eg) of the films was 

determined by fitting the absorption to the 

Tauc’s relation [20] 

(αhν)2 = A(hν-Eg) …………. (2) 

Plots of (αhν)2 versus photon energy of the 

films formed at different oxygen partial 

pressures are shown in figure 8. Optical 

band gap of the films increased from 1.92 

eV to 2.22 eV with increase of oxygen 

partial pressure from 8×10-5 mbar to 6×10-4 

mbar respectively. Optical band gap of the 

films formed at low oxygen partial pressure 

of 8×10-5 mbar was 1.92 eV. The CuNiO2 

films deposited at oxygen partial pressure at 

3×10 - 4mbarincreased to 2.16 eV. 

Tasdemirci achieved optical band gap of 

2.37 eV in successive ionic layer absorption 

and reaction processed CuNiO2 films [17]. 
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IV. FIGURES AND TABLES 

Table 1. Deposition conditions for 

preparation of CuNiO2films  

 
 Table 2. Chemical composition of CuNiO2 

films evaluated from EDAX 

 

 
Figure 1: Schematic diagram of DC magnetron 

sputtering system for deposition of copper nickel oxide 

films 

 
Figure 2: Dependence of deposition rate on the oxygen 

partial pressure of CuNiO2 films 
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Figure 3: EDAX spectra of copper nickel oxide films 

formed at different oxygen partial pressures 

 
Figure 4: XRD profiles of copper nickel oxide films 

formed at different oxygen partial pressures 

 
 Figure 5: AFM micrographs of copper nickel oxide 

films formed at oxygen partial pressures: (a) 8×10-5 

mbar (b) 1×10-4mbar and (c) 3×10-4mbar. 

 

0 2 4 6 8 10
0

50

100

150

200

250

300

 

 

I
n

te
n

s
it

y
 (

C
P

S
)

Kinetic energy (eV)

O

Ni

Cu

Ni Cu

Ni
Cu

pO2= 8x10
-5  

mbar

 

0 2 4 6 8 10
0

50

100

150

200

250

300

pO2= 1x10
-4  

mbar

 

 

I
n

te
n

s
it

y
 (

C
P

S
)

Kinetic energy (eV)

Cu

Ni

Cu

O

Ni

Cu

0 2 4 6 8 10
0

50

100

150

200

250

300

Ni Ni
Cu

Cu

Ni

pO2= 3x10
-4  

mbar

 

 

 

I
n

te
n

s
it

y
 (

C
P

S
)

Kinetic energy (eV)

O

Cu

20 30 40 50 60 70 80

8x10
-5

 mbar  

2 (degrees)

1x10
-4

 mbar

 

3x10
-4

 mbar

 

In
te

n
si

ty
 (

a
.u

.)

(1
1

1
)

 

 

 

6x10
-4

 mbar

pO2 = 

DC Reactive Magnetron Sputtered CuNiO2 Films: Structure, Electrical and Optical Characterization 

Author(s): Ravindra Kurra, Hari Prasad Reddy Mylapalli, Uthanna Suda 



 

International Journal of Modern Engineering and Research Technology 

Volume 7 | Issue 4 | October 2020 
11  

 
Figure 6: Dependence of Variation of electrical 

resistivity of CuNiO2 films with oxygen partial pressures 

 
Figure 7: Optical transmittance spectra of CuNiO2films 

formed at different oxygen partial pressures 

 
 Figure 8: Plots of (αhν)2 versus photon energy of 

CuNiO2 films formed at different oxygen partial 

pressures 

V. CONCLUSION  

Copper nickel oxide films were deposited 

by DC magnetron sputtering of composite 

target of Cu50Ni50 on to glass and p- silicon 

substrates held at 30oC at different oxygen 

partial pressures in the range 8×10 -5- 6×10-4 

mbar and at sputter pressure of 1×10 -2 mbar. 

The chemical composition, structure, 

surface morphology, electrical and optical 

properties were investigated. Energy 

dispersive X-ray analysis indicated that the 

films formed at oxygen partial pressures < 

3×10-4 mbar were of CuNiO2 along with 

metallic copper and nickel and those 

deposited ≥ 3×10-4 mbar were of CuNiO2. 

The films deposited at oxygen partial 

pressures less than 3×10-4 mbar were 

amorphous phase and at 3×10-4 mbar and 

above were showed (111) reflection related 

to tetragonal CuNiO2. Atomic force 

microscope studies revealed that the grain 

size of the films increased from 56 nm to 89 

nm and surface roughness increased from 

2.0 nm to 4.6 nm with increase of oxygen 

partial pressure from 5×10-5 mbar to 6×10-4 
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mbar. Electrical resistivity of the films 

increased from 0.47 Ωcm to 6.4×10 -1 Ωcm 

and optical band gap with increase from 

1.92 eV to 2.26 eVwith increase of oxygen 

partial pressure from 3×10-4 mbar to 6×10-4 

mbar. In conclusion, Tetragonal structured 

CuNiO2 films were deposited at oxygen 

partial pressure of 3×10-4 mbar were with 

crystallite size of 6 nm, electrical resistivity 

of 4.7×10-1 Ωcm and optical band gap of 

2.22 eV.  
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