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Nickel oxide (NiO) thin films were successfully deposited on Corning 7059 glass substrates at different 

oxygen partial pressures in the range of 1  10 – 4 to 9  10 – 4 mbar using dc reactive magnetron sputtering 

technique. Structural properties of NiO films showed polycrystalline nature with cubic structure along 

(220) orientation. The optical transmittance and band gap values of the films increased with increasing the 

oxygen partial pressure from 1  10 – 4 to 5  10 – 4 mbar and decreased on further increasing the oxygen 

partial pressure. Using Scanning Electron Microscopy (SEM), fine grains were observed at oxygen partial 

pressure of 5  10 – 4 mbar. The film resistivity decreases from 90.48 to 13.24 Ω cm with increase in oxygen 

partial pressure to 5  10 – 4 mbar and then increased on further increasing the oxygen partial pressure. 
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1. INTRODUCTION 
 

Nickel oxide is a transition metal oxide semiconduc-

tor, usually taken as a model for p-type material. NiO is 

having wide band gap of 3.6 to 4.0 eV [1] and exhibit 

rhombohedral or cubic structure, but the most promi-

nent structure was cubic structure [2]. NiO thin films 

have been studied for applications in electrochromic de-

vices [3], electrode material for Li-ion batteries [4]. Re-

cent works have shown that NiO is also a promising 

functional material for applications in resistive type gas 

sensors implementing thin NiO films [5, 6]. Most attrac-

tive features of NiO are: (i) excellent durability and elec-

trochemical stability, (ii) low materials cost, (iii) promis-

ing ion storage material in terms of cyclic stability, 

(iv)large spin optical density and (v) possibility of manu-

facturing by variety of techniques.  NiO films can be 

prepared by physical and chemical methods such as: 

spray pyrolysis [7], electron beam evaporation [8], pulsed 

laser deposition [9], plasma enhanced chemical vapor 

deposition [10] and reactive sputtering [11]. It is well 

known that the structural, optical, surface morphology 

and electrical properties of materials in thin film form 

depends on the deposition conditions like oxygen partial 

pressure. Recently, our research group [12] reported the 

NiO films by using dc magnetron sputtering with vari-

ous oxygen partial pressures. In this study, an attempt 

was made on the fabrication of NiO films at different 

deposition conditions (like pO2, substrate temperature 

and target to substrate distance comparing to earlier 

paper) for enhancing the physical properties. 

We have successfully deposited NiO thin films by dc 

reactive magnetron sputtering from a metallic Ni tar-

get in a mixture of oxygen and argon. In this paper we 

have investigated the structural, optical, Surface mor-

phology, chemical and electrical studies of direct cur-

rent sputter deposited highly oriented NiO thin films as 

a function of oxygen partial pressure. 

 

2. EXPERIMENTAL DETAILS 
 

2.1 Preparation of NiO Thin Films 
 

NiO films were deposited from a pure nickel 
(99.98 %) target (100 mm diameter and 3 mm thickness) 
in a mixture of oxygen and argon gases on Corning 7059 
glass substrates by using dc reactive magnetron sput-
tering system. In the present study, NiO thin films were 
deposited at various oxygen partial pressures by keep-
ing the other depositions conditions such as substrate 
temperature, sputtering power, sputtering pressure and 
target to substrate distance are constant. The deposition 
parameters are used during the formation of NiO thin 
films were given in Table 1. 

 

Table 1 – Deposition parameters of NiO films 
 

№ Deposition conditions Range 

1 Target-substrate distance 75 mm 

2 Ultimate pressure  5  10 – 6 mbar 

3 Oxygen partial pressure 1  10 – 4-9  10 – 4mbar 

4 Sputtering pressure 2  10 – 3 mbar 

5 Substrate temperature 473 K 

6 Sputtering power 90 W 

7 Deposition time  10 min 

 
2.2 Characterization Techniques 

 

The structure of the deposited films were analyzed 
by X-ray diffractometer using Cu Kα radiation 
( = 0.1546 nm) of model 3033TT manufactured by Sei-
fert, the optical transmittance studied using Perkin 
Elmer Lambda 950 UV-Vis-NIR spectrophotometer and 
the surface morphology was studied by scanning elec-
tron microscope (SEM) of model EVO MA 15 manufac-
tured by Carl Zeiss. The chemical composition of the 
films were examined by Energy Dispersive Spectrosco-
py (EDS) attached with SEM of model Oxford instru-
ments Inca Penta FET x 3. The electrical properties 
were performed by using an Ecopia Hall effect meas-
urement system (HMS-3000VER 3.51.3).  
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3. RESULTS AND DISCUSSION 
 

3.1 Structural Properties 
 

The X-ray diffraction patterns of the deposited NiO 

films at various oxygen partial pressures were shown in 

Fig. 1. The films were identified to be polycrystalline 

nature with cubic structure along (220) orientation 

(JCPDS card no.78-0643). As the oxygen partial pressure 

increased to 5  10 – 4 mbar, the intensity of (220) peak 

was increased and becomes sharper. Beyond this oxygen 

partial pressure, the intensity of (220) peak was gradual-

ly decreased. The increased intensity of (220) peak may 

be due to an increase in the crystallite size and further 

the decrease in the intensity of (220) peak due to excess 

oxygen segregation at the grain boundaries [13]. 
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Fig. 1 – X-ray diffraction profiles of NiO films at various oxy-

gen partial pressures 
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Fig. 2 – The behavior of crystallite size and FWHM of NiO 

thin films deposited at various oxygen partial pressures 
 

The crystallite size of the films was calculated from 

the (220) orientation by using Scherrer formula [14]. 
 

 L =K / cos, (3.1) 
 

Where L is the mean crystallite size, K is the correction 

factor,  is the wavelength of the incident beam,  is 

the full width at half maximum corresponding to Bragg 

diffraction angle . Here K,  values taken as 0.94 and 

0.1541 nm respectively. The crystallite size of the films 

increased from 5.6 to 8.2 nm with increase of oxygen 

partial pressure from 1  10 – 4 to 5  10 – 4 mbar, there-

after it was decreased to 6.3 nm at higher oxygen par-

tial pressures. Fig. 2 shows the full width at half max-

imum (FWHM) and the crystallite size as a function of 

oxygen partial pressure. 

 

3.2 Optical Properties 
 

The optical transmittance spectra of the deposited 

NiO films at various oxygen partial pressures were 

shown in Fig. 3. The optical transmittance of the films 

increased from 29 % to 40 % with increasing oxygen 

partial pressure from 1  10 – 4 to 5  10 – 4 mbar. On 

further increasing the oxygen partial pressure to 

9  10 – 4 mbar the transmittance of the films decreased 

to 34 %, which was due to the defects of non-

stoichiometric NiO thin films. The optical absorption 

coefficient () was calculated from the optical transmit-

tance (T) and reflectance (R) data using the relation 
 

  = 1/t [lnT / (1 – R2)] (3.2) 
 

where, t is the thickness of the films. 
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Fig. 3 – Optical transmittance spectra of NiO films as a func-

tion of oxygen partial pressure 
 

The dependence of α on the photon energy (hν) fitted 

to the relation for direct transition 
 

 hν = A (hν – Eg)1/2 (3.3) 
 

where, Eg is the band gap of the films. 

The plots of (hν)2 versus photon energy (hν) of the 

NiO films formed at various oxygen partial pressures 

were shown in Fig. 4. The optical band gap of the films 

increased from 3.01 to 3.6 eV with increase in oxygen 

partial pressure from 1  10 – 4 to 5  10 – 4 mbar, be-

yond this oxygen partial pressure the band gap de-

creased to 3.08 eV. However in the literature, large 

optical band gap of 4.3 eV was reported by Romero et al 

[15] in chemical spray pyrolysis deposited NiO films. 
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Table 2 – Optical information of dc reactive magnetron sput-

tered NiO films at various oxygen partial pressures 
 

№ Oxygen partial 

Pressure 

(mbar) 

Transmittance 

(%) 

Optical 

band gap 

(eV) 

1 1  10 – 4 29 3.02 

2 3  10 – 4 35 3.30 

3 5  10 – 4 40 3.60 

4 7  10 – 4 39 3.40 

5 9  10 – 4 34 3.08 
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Fig. 4 – Plots of (hν)2 versus (hν) of NiO at various oxygen 

partial pressures 

 

3.3 Morphological and Compositional Analysis 
 

The scanning electron microscopy (SEM) images of 

NiO films deposited at various oxygen partial pressures 

were shown in Fig. 5. At an oxygen partial pressure 

1  10 – 4 mbar, it was observed that very smooth sur-

face and the fine grains were appeared when the films 

deposited at an oxygen partial pressure of  

5  10 – 4 mbar. When the films deposited beyond this 

oxygen partial pressure the number of the grains de-

creased. At higher oxygen partial pressures, the surface 

mobility of the adatoms decreased due to excess oxy-

gen, resulting the decrease in number of grains. 

The Energy Dispersive Spectroscopy (EDS) was em-

ployed to identify the composition of the as deposited 

NiO films at different oxygen partial pressures. Fig. 6 

shows the typical EDS spectra of NiO films deposited 

at 5  10 – 4 mbar oxygen partial pressure. EDS results 

revealed that all the deposited films consist of nickel 

and oxygen. The composition of nickel decreased with 

increasing oxygen partial pressure due to increase in 

the oxygen concentration.  

 

3.4 Electrical Properties 
 

The resistivity of NiO films was measured by Hall-

effect. The resistivity ρ is inversely proportional to the 

product of carrier concentration N and mobility  as the 

following relation [16]: 
 

  = 1 / Ne (3.4) 
 

where, e is the electric charge. It was found that the 

resistivity of the NiO films decreased from 90.48 to 

13.24 Ω cm with the increase in oxygen partial pressure 

 

 

 

Fig. 5 – SEM images of NiO films at different oxygen partial 

pressures: 1  10 – 4 mbar (a), 5  10 – 4 mbar (b), 1  10 – 3 mbar (c) 
 

 
 

Fig. 6 – Typical EDS profile of NiO films at 5  10 – 4 mbar 

oxygen partial pressures 
 

to 5  10 – 4 mbar, and then increased to 59.42 Ω cm at 

higher oxygen partial pressure of 9  10 – 4 mbar. The 

decrease in resistivity with the oxygen partial pressure 

was related to increase in the crystallinity of the films. 

On increasing the oxygen partial pressure from1  10 – 4 

to 5  10 – 4 mbar, the carrier concentration of the films 

increased from 6.2  1016 to 8.4  1018 cm – 3. We ob-

served that all carrier concentration values are positive 

in the NiO films, which indicates that the films exhibit 
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p-type conduction. The Hall mobility of the films in-

creased from 0.9 to 4.5 cm2V – 1s – 1 with the increase in 

oxygen partial pressure to 5  10 – 4 mbar, thereafter it 

was decreased to 2.8 cm2V – 1s – 1 at higher oxygen par-

tial pressures. The mobility value was low due to colli-

sional energy loss of the particles with oxygen during 

their arrival towards the substrate surface [17]. Fig. 7 

shows that the behavior of resistivity, carrier concen-

tration and mobility of the films at different oxygen 

partial pressures. 
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Fig. 7 – Behaviour of resistivity, mobility and carrier concentra-

tion of NiO thin films as a function of oxygen partial pressure 

 

4. CONCLUSIONS 
 

The p-type NiO films were successfully deposited by 

dc reactive magnetron sputtering at different oxygen 

partial pressures. NiO films exhibited polycrystalline 

nature with cubic structure along (220) orientation. 

The optical transmittance and band gap of the films 

increased with increasing the oxygen partial pressure 

from 1  10 – 4 to 5  10 – 4 mbar and decreased at higher 

oxygen partial pressures. In Scanning Electron Micros-

copy (SEM) analysis fine grains were observed at oxy-

gen partial pressure of 5  10 – 4 mbar, beyond this oxy-

gen partial pressure the number of grains was de-

creased. The electrical resistivity values shows in de-

creasing tendency up to oxygen partial pressure of 

5  10 – 4 mbar and then increased. 
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