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Abstract  

In this work, the morphological characteristics of the surfaces formed by deposition of nickel oxide 

nanostructures on silicon surfaces were studied. These structures are commonly used in optoelectronics and 

nanoelectronics due to their stability and functionality under high light intensity conditions. The morphology 

of the prepared samples was found to depend on the concentration of NiO nanoparticles deposited on Si 

substrate surface, which in turn would affect the overall characteristics of the heterojunction structures 

fabricated from these samples. 
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1. Introduction 

Currently, metal oxide nanoparticles 

represent an excellent candidate material for 

the fabrication of photonics, optoelectronics, 

and nanoelectronic devices due to their 

uncompetitive features when compared to 

the conventional materials and structures 

previously used [1,2]. When these 

nanoparticles are deposited on the surfaces 

of semiconducting substrates, they may play 

more than one roles at the same time. If these 

nanoparticles deposit on the flat or smooth 

surface, they can form a huge number of 

contact regions those may represent tiny 

junctions to contribute to the overall 

electrical and optical activities on such 

surface [3]. If the surface is not smooth, i.e., 

contains grooves, voids, pores, scratches, 

scars, etc., they may locate inside these 

surface irregularities and form similar 

junction regions as mentioned before [4]. 

The difference here is the increase in the 

surface area that can obtained from this 

phenomena due to the double effect of 

increasing the surface area by surface 

deformation as well as deposition of 

nanoparticles [5]. These phenomena can be 

successfully employed to fabricate highly-

efficient devices by simply dropping metal 

oxide semiconducting nanoparticles (such as 

NiO) on a semiconducting substrate (such as 

Si) [6,7]. 

In this work, nickel oxide nanoparticles 

were prepared by dc reactive sputtering 

technique and deposited on the surfaces of 

silicon substrates. The morphological 

characteristics of these structures were 

introduced, compared and analyzed. 

 

2. Experimental Part 
Highly-pure sheet of nickel (99.99%) was 

used as sputtering targets. The target was 

maintained inside the deposition chamber on 

the cathode. Pure oxygen was used as 

reactive gas required to form the metal 

oxides. The quartz substrates on which the 

metal oxide thin films are to be deposited 

were carefully cleaned and then put on the 

surface of the anode. The temperature of the 

anode (and the substrate as well) could be 

controlled and a thermocouple was used to 

measure it. 

The deposition chamber was first 

evacuated down to 10-3 mbar before filled 

with the gas mixture of argon and oxygen at 

a pressure of 0.1 mbar. The plasma required 

for sputtering was generated by the electric 

discharge of argon. Electrical power was 

provided by a high-voltage dc power supply. 

Several parameters of sputtering system, 

such as inter-electrode distance, deposition 
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time, substrate temperature, total gas 

pressure and Ar:O2 ratio, could be varied to 

determine their effects on the deposition 

process [8]. The film materials was extracted 

from the film samples by the conjunctional 

freezing-assisted ultrasonic extraction 

method [9]. 

A (111)-oriented n-type silicon wafer of 

500μm thickness and 3 Ω.cm resistivity was 

used in this work. This wafer was cut into 

1x1cm samples, placed on the anode inside 

discharge chamber to be subjected to glow-

discharge plasma column for 30 min to etch 

their surfaces [10]. 

A 5 mg of the NiO nanoparticles were 

dispersed in distilled water with different 

concentrations (1.6-5) x10-4 g/mL. The 

solution was sonicated for 30 min to separate 

the nanoparticles as much as possible then 

dropped on the surface of silicon sample and 

left on the hot plate at 40°C to allow the 

distilled water to evaporate and left the NiO 

nanoparticles on the surface. The steps of the 

experimental part in this work are shown in 

Fig. (1). 

 

 

 

 

 
 

Fig. (1) The process of plasma etching and coating of silicon 

substrates with NiO NPs 

 

3. Results and Discussion 

Figure (2) shows the FE-SEM image of 

the NiO nanoparticles prepared in this work. 

The aggregation of the nanoparticles is 

clearly seen on the surface and the particle 

size is ranging within 20-30 nm. 

 

 
 

Fig. (2) FE-SEM image of NiO sample prepared in this work 

 

Figure (3) shows the FE-SEM images of 

the samples prepared from dropping 

different concentrations of the prepared NiO 

nanoparticles on the surfaces of Si 

substrates. It is obvious that the lower 

concentration of NiO NPs in the solution 

would produce lower density of these NPs 

on the Si surface (Fig. 2a). The density 

increases with increasing the NiO NPs 

concentration to cover most area of the Si 

surface (Fig. 2b-e). The most important 

observation in figures (3b-d) is the increase 

in the coated area with keeping NiO NPs 

separated with no increase in the size, while 

larger particles can be apparently seen in 

Fig. (2e) due to higher concentration of NiO 

NPs. 

Another observation to be seen is the 

residual water on the surface (Fig. 2a-c) 

while no such residual water is seen in the 

samples of Fig. (2d,e). This is attributed to 

the effect of heating the Si sample as well as 

the deposited NiO NPs, which lead to rise 

the surface temperature and hence evaporate 

all residual water. A drying step may be 

required to ensure no residual water exists on 

the surface of the final sample since it would 

negatively affect or degrade the performance 

of the devices fabricated from these 

structures [9-14]. 
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(a) 1.6x10-4 g/mL  (b) 2.0x10-4 g/mL 

  
(c) 2.5x10-4 g/mL   (d) 3.3x10-4 g/mL 

 
5x10-4 g/mL 

Fig. (3) FE-SEM images of NiO NPs dropped on Si surfaces at 

different concentrations in solution 

 

4. Conclusions 
In this work, the morphological 

characteristics of the surfaces formed by 

deposition of nickel oxide nanostructures on 

silicon surfaces were studied. The 

morphology of the prepared samples was 

found to depend on the concentration of NiO 

nanoparticles deposited on Si substrate 

surface, which in turn would affect the 

overall characteristics of the heterojunction 

structures fabricated from these samples. 
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