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GENERAL  INTRODUCTION 

 

Semiconductor heterostructures have established themselves as the most suitable 

candidates for optoelectronic devices. Zinc oxide (ZnO) is one of the most promising and 

largely investigated Transparent Conducting Oxides (TCOs). It is an n-type semiconductor 

with a bandgap of 3.4 eV. It is commonly used to fabricate UV and blue light devices like 

lasers, diodes and detectors. The fact that ZnO thin films could be deposited using different 

methods makes it a perfect candidate for use in transparent electronic devices. Nickel 

Oxide (NiO) is one of rare p-type semiconducting transparent oxides. NiO is a p type 

material with a bandgap of 3.8 eV. It is characterized for its interesting thermoelectric, 

magnetic and electrochromic properties. As the p-n junction is one of the fundamental 

elements of almost every electronic devices, there is a need to master the process of 

producing stable, reliable and low-cost transparent diodes. Spray pyrolysis method has 

distinct potential advantages than other techniques owing to its lower crystallization 

temperature, low cost, simple deposition procedure, easier compositional control, and large 

surface area coating capability. In the present work, hetero junction thin films were 

deposited and characterized for their structural and optical behavior.        

In the latest researches, The NiO as a thin film was studied on verities of substrates 

with chemical and physical methods; it was used to improve the structural optical and 

electrical properties. The pulsed laser deposition [1], chemical vapor deposition [2], 

electrochemical deposition [3], abeam evaporation [4], anodic deposition [5], electroless 

bath deposition [6] sputtering [7], chemical vapor deposition [8] and spray pyrolysis 

techniques [9], are used to prepare the NiO thin films, the spray techniques also were 

favorites with comparing by others methods due to the simple deposition and best cost. 

The mean objective of this research is to study the physical and chemical properties of NiO 

thin films based on past research. In this work; we have proposed a review of original 

research to nanostructured NiO prepared by spray techniques. 

 

       In the first chapter we gathered information about the basic physical and chemical 

properties of NiO material and we showed spray deposition methods then we presented 

physical properties of NiO thin films.  
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       In the second  chapter  it was studied the NiO and ZnO solutions were sprayed on the 

heated glass substrates by spray pneumatic method which transforms the liquid to a stream 

formed with uniform and fine droplets of 25 μm average diameter .The deposition was 

performed at a substrate temperature of 450 °C with deposition rate was 5.7 mL /min. The 

structural properties of: NiO, (Zn doped NiO) and (Ni doped ZnO) films were studied by 

means of X-ray diffraction (XRD Bruker AXS-8D) with CuKα radiation (λ=0.15406 nm) 

in the scanning range of (2θ) was between 20° and 70°.The optical transmission of the 

deposited films was measured in the range of (300 – 900 nm) by using an ultraviolet-

visible spectrophotometer ( LAMBDA 25) and the electrical resistance R was measured by 

four point methods 

 

       In the third  chapter, the spray method was used for technological applications because 

it is one of the most important techniques to deposition a large-scale production. The 

prepared the thin films by this method have a good adhesion mechanical, and good 

electrical conductivity; also it has a high optical transparency and magnetic properties of 

nanostructures NiO. The main objective of this work is to obtain a semiconductor as NiO 

thin films with high crystalline structure, good optical and electrical properties. In the 

present work, nanostructure NiO thin films were investigated, which are elaborated by 

spray pyrolysis method, the NiO was heated on glass substrate at a deposition temperature 

of 450 °C with various deposition rates of 20, 40, 60 and 80 ml. 

       In the last two  chapters  we  discussed   the description and the analysis of the 

measurements and the discussion of the results. It focuses on the structural, optical and 

electrical properties of thin films  Ni with Zn doped  Ni1-xZnxO  with different doping 

levels (0, 0.02, 0.04, 0.08, 0.12,  0.88, 0.92, 0.96, 0.98 and 1). These films have been 

deposited on glass substrates by Spraying technique at substrate temperature equal to 

450°C.  

 Outline of This Thesis 

 The thesis is structured in five chapters. It begins by an introduction and it is 

concluded by recommendations for future research. 
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Chapter I: Spray Deposition of Nanostructured NiO Thin Films. 

Chapter II: Elaboratoin and characterizations. 

Chapter III: The role of deposition rate on the physical properties of NiO thin films 

elaborated by spray pyrolysis technique. 

Chapter IV: Synthesis of nanostructured of Zn doped NiO. 

Chapter V: Synthesis of nanostructured of Ni doped ZnO. 
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I-1- Introduction 

In the latest research, the nickel oxide (NiO) was found in the cubic structure with a 

lattice parameter (a= 0.4816 nm) [1]. NiO is forming of nickel metal and oxygen element, 

it is a p-type of semiconducting nature. NiO was used in a variety of technology such as 

optoelectronic devices and gas sensing [2,3] due to having a good structure crystallinity, 

good electrical conductivity and high transparency in the visible region. The optical band 

gap of NiO thin films varied between 3.6 to 4 eV [4 ]. However, the NiO thin films can be 

used in various applications due to the simplicity of synthesis such as solar cells [5], 

chemical sensors [6], photo detectors [7], electro chromic minors [8], organic light-

emitting diodes [9], UV detectors [10], vans parent diodes [11], and defrosting windows 

[12]. 

Table (I- 1) shows the physical and chemical properties of NiO material, it is found 

that the NiO has a high solubility in water with a refractive index of 2.18. The NiO as a 

thin film was studied on verities of substrates with chemical and physical methods; it was 

used to improve the structural optical and electrical properties. The pulsed laser deposition 

[13], chemical vapor deposition [14], electrochemical deposition [15], abeam evaporation 

[16], anodic deposition [17], electroless bath deposition [18] sputtering [19], chemical 

vapor deposition [20] and spray pyrolysis techniques [21], are used to prepare the NiO thin 

films, the spray techniques also were favorites with comparing by others methods due to 

the simple deposition and best cost. 

 

Table (I- 1) :Summary of the basic physical and chemical properties of NiO material 

Property Value 

Appearance Green crystalline solid 

Molecular mass 74.69 g/mol 

Density (N)(cm³) 6.67 g/cm3 

Lattice parameter (a) 0.4186 nm 

Stable Phase at 300 K 3.1-4.3 eV 

Conductivity σ (Ωcm)ˉˡ 1.5×10ˉ³ 

Melting Point 1995°C 

Refractive Index 2.18 
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Band Gap Energy (Eg) 3.6-4.0 eV 

Solubility in water µ (cm²/V.s) 0.1-1 

A 4.75 A° 

B 11.77 A° 

C 8.44A° 

Β 93° 36' 

 

The mean objective of this research is to study the physical and chemical properties 

of NiO thin films based on past research.In this work; we have proposed a review of 

original research to nanostructured NiO prepared by spray techniques.  

 

I-2- Information of Nickel types 

 

In the deposition of NiO thin films by using the spray techniques with NiO solution, 

it is prepared by various methods and protocol as shown in the following steps: 

I-2-1- NiO Thin Film Deposition from Nickel Chloride Solutions 

The NiO thin films prepared by using chloride nickel can be dissolved in various 

solvents such as water, ethanol and methanol solution. However in the preparation of NiO 

solution from water solvent, when dissolving the nickel chloride dehydrate (NiCl2, 2H2O) 

in water (H2O), before using and deposit NiO thin films into substrates which heating the 

final solutions at 50 °C than add drops of HCl to the solution for stabilization.  Menaka and 

Umadevi[22] they discussed that process decomposition of nickel chloride to nickel oxide 

in the presence of water, according to the following equation(see Table 2) [23]: 

NiCl2 + 2H2O →2HCl + Ni(OH)2 

NiCl2 + 2H2O → 2HCl + NiO + H2O 

 

I-2-2- NiO Thin Film Deposition from Nickel Nitrate Solutions 

NiO solution can be prepared by using nitrate Nickel with various solvents such as 

water, ethanol and methanol. However, in the preparation of NiO solution from water 

solvent, when introduce of nickel nitrate dehydrate (Ni (NO3)2. 2H2O) in a volume equal to 

wither solvent (H2O) (see Table 2) [24]: 
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NiO (NO3)2 +2NH4OH 
-
>Ni(OH)2 + 2NH4NO3 

2Ni(OH)2  -> 2NiO + H2O 

 

I-2-3- NiO Thin Film Deposition from Nickel Acetate Solutions 

NiO solution can be prepared by using acetate Nickel with various solvents such as 

water, ethanol and methanol. However, in the preparation of NiO solution from water 

solvent, when introduce nickel acetate dehydrate (Ni (CH3COO)2- 4H2O) in a volume 

equal to wither solvent (H2O). (Ni(CH3COO)2-4H2O) are monoclinic with space group 

P21/c the unit cell off dimension(see Table 2) [25]: 

Ni(CH3COO)2.4H2O+CH3-OH = Ni(OH)+2CH3COOCH+4H2O 

 

Table (I- 2): information of Nickel types 

Molecule Molecule 

formula 

Molar mass Aspect Density Solubility in 

water (mg/l) 

Nickel 

Chloride 

Cl2H12NiO6 237.69 g/mol Green 

crystalline 

solid. 

1.92 

g/cm³ 

254010
3
 (20 

ºC) 

Nickel 

Acetate 

C4H6NiO4 176.78 g·mol
−1

 Green 

crystalline 

solid. 

1.798 

g/cm
3
 

Easily soluble 

in cold water, 

hot water 

Nickel 

Nitrate 

Ni (NO3)2. 

2H2O 

290.08 g/mol Green 

crystalline 

solid. 

3.55 

g/cm³ 

6.42 ×10
5
 at 

20°C 

 

I-3- Physical Properties of NiO Thin Films 

I-3-1-Structural Properties of NiO Thin Films 

The NiO thin films were crystallized with a cubic structure that can be related to 

obtaining peaks in the XRD diffraction of  NiO thin films. The nanostructures NiO thin 

films were studied by the XRD patterns with two peaks at 2θ = 37.5 and 43.3 

corresponding to (111) and (200) plans of NiO phase structure. The NiO thin films were 
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deposited with various conditions such as precursor molarity, substrate temperature, film 

thickness and doping level. 

Ahnet al [26] deposited the NiO thin films on Pt/Ta/glass by (RF) sputtering method 

at 50 W RF power with 10 m Torr at 600 °C. Found that the NiO thin film has a 

polycrystalline nature with preferentially (111), it is high than other diffractions which 

indicating that the preferred orientation with (111) plan. Some authors [27-29] investigated 

the effect of precursor molarity on the structural property, they discussed that the high 

crystalline structure of NiO thin films was obtained in the film prepared with 0.1 M.  

Kamel et al. [30] studied the influence substrate temperature on the structural 

properties spray deposition NiO thin films. In this research, the NiO thin films were 

deposited at different temperatures, where high then of  275°C. They found that the NiO 

thin films having preferential orientation along (111) direction peak, so that the deposition 

temperature was affected on the structural property. On the other hand, the effect of 

substrate temperature was investigated by various authors [31-34]. The structural 

properties of  NiO thin films show that the high crystalline structure was improved with 

increasing the deposition temperature.  

The influences of metal doping on the structural property of NiO thin films were 

developed by various techniques Na, Fe, Zn, Cu, Co, Ag, Ng, Ti, Li and Mg. Nickel oxide 

is a compound semiconductor of (II-VI) group of the periodic table and it has a crystalline 

structure of the rock salt type lattices. Each cubic unit cell has four nickel atoms and four 

oxygen atoms. Each nickel atom is surrounded by six oxygen atoms and each oxygen atom 

has six nickel atoms surrounding it. This face-centered cubic (FCC) structure has a lattice 

parameter of 4.1769A° at 26°C. The nickel distance is 2.9518A° for a cubic cell (α=60° 

and a=4.1769A°)[35]. 

NiO thin films also were studied as a function of films thickness by some method, 

Karaduman et al. [36] prepared the Nanostructured NiO thin films with different film 

thickness; it is prepared using by SILAR Method to use as gas sensing application. NiO 

thin films in this work having a high crystalline structure with cubic structure, which was 

achieved in the film prepared with 330 nm, it is (200) phase. However, the film prepared 

others film thicknesses have good crystallinity. We have discussed that the film thickness 

were affected on the structural property, it is achieved with 400 to 500 nm and was found 

by [37-40]. 
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Table (I- 3): The preferred orientation and thickness of various deposited NiO thin films 

S.N. Condition Preferred orientation Thickness of NiO films Ref. 

Li-NiO 420°C (111) 19 (μm) [41] 

NiO-Ag 400°C 

Ni : 42.13 % atomic 

Ag: 11.06 % atomic 

O: 47.13 % atomic 

P : 5.10
-4

 mbar 

(200) 13 (nm) [42] 

NiO-B NiO:97 % 

B:3% 

400°C 

C = 0.1 M 

(111) 15.2 (nm) [43] 

NiO C = 0.5 M 

T=500°C 

(111) 275 (nm) [44] 

NiO C = 0.5 M 

T=500°C 

Precusar = 10 mL 

(111) 2.5 (μm) [45] 

CoxNi1-

xO 

C =0.1 M 

T = 573°K 

X = 0.15 

Nozzl = 28 cm 

(111) 78.55 (μm) [46] 

NiO:8Li C = 1 M 

T = 600°C 

(111) 48 (nm) [47] 

NiO:8Li C = 1 M 

T = 400-300°C 

(111) 200 (nm) [48] 

NiO Ni = 58.80 w % 

O = 22.26 w % 

C = 18.93 w % 

T = 470°C 

(111) 250 (nm) [49] 
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NiO T = 300°C 

C = 0.03 M 

(111) 1000 (nm) [50] 

NiO T = 360°C 

C = 0.1 M 

(111) 90 (nm) [51] 

NiO T = 460°C 

C = 0.2 M 

(200) 0.44 (μm) [52] 

NiO1-x 

ZnX 

T = 623°K 

C = 0.1 M 

X = 0.05 

(111) 240 (nm) [53] 

NiO T = 350°C 

C = 0.75 M 

(220) 390 (nm) [54] 

NiO T = 450°C 

C =0.01 

(200) 80 (nm) [55] 

NiO-Cu T = 1737°F 

Cu = 16.17 at% 

(111) 100 (nm) [56] 

(NiO)1-

x(ZnO)x 

T = 400°C 

C = 0.05 M 

X = 0.25 

(111) 0.3 (μm) [57] 

 

I-3-1-A-Preferred orientation 

The microstructure of thin films can be evaluated by X-ray diffraction, e.g. using the 

Bragg-Brentano geometry. I find that in a poor vacuum all the diffraction peaks for a given 

system are present, i.e. the film is “powder-like”, as reported for instance in the JCPDS 

files; even amorphous films can be obtained, if the vacuum is “bad” enough. However, in a 

very good vacuum” preferred growth” is observed; in the extreme case only one family 

peak is present; for instance, only the (111) and (222) peaks are observed for f.c.c (see 

Table (I- 3)). Elements, like Al or Au. This is due to the fact that the (111) oriented surface 

is the lower energy ones. Very good vacuum means that the atoms can migrate on the 

surface long enough to find their lower energy position before the arrival of another atom I 

used the term “preferred growth” instead of the “preferred orientation” because the latter is 

an artifact experienced when preparing a sample by computation of powder, and is caused 

by the relative arrangement of the various crystallites; by contrast the “preferred growth” 
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has a pregnant physical meaning, as described above. The vacuum is “good” when 

thermodynamics dominates over kinetics: the probability of the growth of an already 

nucleated grain is larger than the probability of the nucleation of a new grain[58]. 

 

I-3-1-B- Grain size 

Particle size, also called grain size(see Table (I- 4)), refers to 

the diameter of individual grains of sediment, or the lithified particles in classic. 

The term may also be applied to other granular materials. This is different from 

the crystallite size, which refers to the size of asingle crystal inside a particle or 

grain. 

A single grain can be composed of several crystals. Granular material can range from 

very small colloidal particles, through clay, silt, sand, gravel, and cobbles, to boulders[59]. 

 

Table (I- 4) The grain/crystallite size of the various NiO films deposited at the different 

conditions 

S.N. Condition Grain \ Crystallite size (nm) Technique Ref 

NiO-Ag 400°C 

Ni : 42.13 % atomic 

Ag: 11.06 % atomic 

O: 47.13 % atomic 

P : 5.10
-4

 mbar 

11.00 (nm) XRD [42] 

NiO-B NiO:97 % 

B:3% 

400°C 

C = 0.1 M 

30.00 (nm) XRD [43] 

NiO C = 0.5 M 

T=500°C 

1100 (nm) XRD [44] 

NiO C = 0.5 M 

T=500°C 

Precusar = 10 mL 

73.62 (nm) SEM [45] 

CoxNi1- C =0.1 M 124 (nm) XRD [46] 

https://en.wikipedia.org/wiki/Diameter
https://en.wikipedia.org/wiki/Sediment
https://en.wikipedia.org/wiki/Lithification
https://en.wikipedia.org/wiki/Granular_material
https://en.wikipedia.org/wiki/Crystallite
https://en.wikipedia.org/wiki/Crystal
https://en.wikipedia.org/wiki/Crystal
https://en.wikipedia.org/wiki/Granular_material
https://en.wikipedia.org/wiki/Colloid
https://en.wikipedia.org/wiki/Clay
https://en.wikipedia.org/wiki/Silt
https://en.wikipedia.org/wiki/Sand
https://en.wikipedia.org/wiki/Gravel
https://en.wikipedia.org/wiki/Cobble_(geology)
https://en.wikipedia.org/wiki/Boulder
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xO T = 573°K 

X = 0.15 

Nozzl = 28 cm 

NiO:8Li C = 1 M 

T = 600°C 

17.7 (nm) SEM [47] 

NiO:8Li C = 0.1 M 

T = 400-430°C 

20 (nm) SEM [48] 

NiO C = 0.2 M 

T = 470°C 

50 (nm) XRD [49] 

NiO T = 300°C 

C = 0.03 M 

20 (nm) SEM [50] 

NiCo2O4 T = 300° 

C = 0.1 M 

10 (nm) XRD [60] 

NiO T = 360°C 

C = 0.1 M 

Ta = 30 min 

116 (nm) XRD [51] 

NiO T = 460°C 

C = 0.2 M 

350 (nm) XRD [52] 

NiO1-x 

ZnX 

T = 623°K 

C = 0.1 M 

X = 0.05 

18.75 (nm) XRD [53] 

NiO T = 350°C 

C = 0.75 M 

12.82 (nm) AFM [54] 

NiO T = 450°C 

C =0.01 

92 (nm) XRD [55] 

I-3-1-C- Lattic parameter  

The lattice constant (see Table (I- 5)), or lattice parameter, refers to the physical 

dimension of unit cells in a crystal lattice. Lattices in three dimensions generally have 

three lattice constants, referred to as a, b, and c. However, in the special case of cubic 

crystal structures, all of the constants are equal and we only refer to a. Similarly, 

in hexagonal crystal structures, the a and b constants are equal, and we only refer to 

the a and c constants. A group of lattice constants could be referred to as lattice 

https://en.wikipedia.org/wiki/Unit_cell
https://en.wikipedia.org/wiki/Crystal_lattice
https://en.wikipedia.org/wiki/Cubic_crystal_system
https://en.wikipedia.org/wiki/Cubic_crystal_system
https://en.wikipedia.org/wiki/Hexagonal_crystal_system
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parameters. However, the full set of lattice parameters consist of the three lattice constants 

and the three angles between them. 

 

 

 

 

 

 

 

 

Figure (I- 1): Unit cell definition using parallelepiped with lengths a, b, c and angles 

between the sides given by α, β, γ[h1] [61] 

 

For example, the lattice constant for a diamond is a = 3.57 Å at 300 K. The structure 

is equilateral although its actual shape cannot be determined from only the lattice 

constant. Furthermore, in real applications, typically the average lattice constant is given. 

Near the crystal's surface, the lattice constant is affected by the surface reconstruction that 

results in a deviation from its mean value. This deviation is especially important in 

nanocrystals  since the surface to nanocrystal core ratio is large[61]. As lattice constants 

have the dimension of length, their SI unit is the meter. The lattice constants are typically 

on the order of several angstroms (i.e. tenths of a nanometer). The lattice constants can be 

determined using techniques such as X-ray diffraction or with an atomic force 

microscope. The lattice constant of a crystal can be used as a natural length standard of 

the nanometer range. 

In epitaxial growth, the lattice constant is a measure of the structural compatibility 

between different materials. Lattice constant matching is important for the growth of thin 

layers of materials on other materials; when the constants differ, strains are introduced 

into the layer, which prevents the epitaxial growth of thicker layers without defects[61]. 

 

I-3-1-D- Mean strain 

In general terms, the strain is a macroscopic measure of deformation. Truesdell and 

Toupin, in their famous Classical Field Theories review article in Handbuch der Physik, 

https://en.wikipedia.org/wiki/Lattice_constant#cite_note-1
https://en.wikipedia.org/wiki/Diamond
https://en.wikipedia.org/wiki/%C3%85ngstr%C3%B6m
https://en.wikipedia.org/wiki/Kelvin
https://en.wikipedia.org/wiki/Lattice_constant#cite_note-2
https://en.wikipedia.org/wiki/SI_unit
https://en.wikipedia.org/wiki/Meter
https://en.wikipedia.org/wiki/%C3%85ngstr%C3%B6m
https://en.wikipedia.org/wiki/Nanometre
https://en.wikipedia.org/wiki/X-ray_diffraction
https://en.wikipedia.org/wiki/Atomic_force_microscope
https://en.wikipedia.org/wiki/Atomic_force_microscope
https://en.wikipedia.org/wiki/Epitaxy
https://en.wikipedia.org/wiki/Thin_layer_chromatography
https://en.wikipedia.org/wiki/Thin_layer_chromatography
https://en.wikipedia.org/wiki/Epitaxy
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introduce the concept as “The change in length and relative direction occasioned by 

deformation are called [62], looselystrain(see Table( I -5) ). 

The concept is indeed loose until some additional qualifiers are called upon to render 

the matter more specific. 

 

Table( I -5) The grain/crystallite size of the various NiO films deposited at the different 

S.N. Condition Lattice parameter a ε (L
-2

m
-4

) Ref 

NiO C = 0.5 M 

T=500°C 

0.42153 (nm) -- [63] 

NiO C = 0.2 M 

T=400°C 

0.41903 (nm) 6.39 10
-3

 [44] 

NiO-Li C = 0.1 M 

T=460°C 

0.4186 (nm) -- [64] 

Ni(1-

x)MnxO 

C = 0.2 M 

T=380°C 

0.4173 (nm) -- [65] 

 

 

I-3-2-Optical Properties of NiO Thin Films 

Nickel oxide is one of the most promising low cost, polarisable materials that exist 

since it is characterized as having excellent durability, electrochemical stability and high 

transmittance of 80%-90% at the spectrum range of 400-900 nm [66]. It is known as a 

good transparent conducting material because it’s of wide band gap[67]. 

The analysis optical observation spectrum is one of the most productive tools for 

understanding and developing the band structure and energy band gap Eg of crystalline 

structure. Optical characterization was carried out using a UV-VIS-NIV spectra 

photometer [68] 

In situ transmittance measurement was carried out during the electrochemical 

measurement at the wavelength (λ = 550 nm) using an UV-Vis-Nir spectrophotometer (λ= 

950 nm) [69] from variant spectral transmittance of the lingers in the three electrodes cell 

at normal incident angle against a reference cell that ave a global glass substrate in the 

devices is measured in the spectral range from 300 to 3000 nm against air as a reference. 
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The variation in optical density (∆ OD) was calculated by the measured 

transmittance of the layer or device in the colored (Tc) and bleached (Td) state by the 

application of this equation, ∆ OD= log 10(Tb/Tc) [69]  

 

I-3-2-A- The transmittance of NiO thin films 

    The transmittance of  NiO thin films obtained by many researchers confined between 40 

to 80%, in the range of visible these values vary from substrate to substrate according to 

conditions of the experiment, they many experiments obtain the transmittance of NiO thin 

films equal to 80%. 

Pathalet al [70], in their own experiences found when increased the concentrate 

solution of  NiO it leads to decreases of transmittance, latter because of increase atoms of 

Ni in solution, and when we study, we found that samples, when prepared in high 

temperature are characterized by good transmittance because of crystallization in the good 

case [46], in the other direction and from researchers, they spokes about thickness are 

found the transmittance affected by length of thickness NiO thin films, if the transmittance 

high so the NiO thin films have superfine thickness these NiO thin films found by many 

researchers [47], finally there is an effect, the doping by more materials such as Ag, Zn, Li, 

Co, Cu and  Na et al. Eachelement has a special effect: 

- Several researchers have found if the value of Zn in the solution of  ZnXNi1-XO is 

law, so the transmittance have big values [71] 

- Many experiments affirm that, if the high value of Mn in the solution Ni1-XMnXO, 

so the transmittance is law [72] 

- We found several research, the law percentage of Li in the solution of NiO makes 

big transmittance of NiO thin films [73]  

 

Table (I-6) The relation between grain/crystallite size and transmittance NiO films 

deposited at the different conditions 

S.N. Condition Grain \ Crystallite size 

(nm) 

Transmittance (%) Ref 

NiO-Ag 400°C 

Ni : 42.13 % atomic 

Ag: 11.06 % atomic 

11.00 (nm) 39 %  [42] 
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O: 47.13 % atomic 

P : 5.10
-4

 mbar 

NiO-B NiO:97 % 

B:3% 

400°C 

C = 0.1 M 

30.00 (nm) 12 % [43] 

NiO C = 0.5 M 

T=500°C 

1100 (nm) 40 % [44] 

NiO C = 0.5 M 

T=500°C 

Precusor = 10 mL 

73.62 (nm) 70 % [45] 

CoxNi1-

xO 

C =0.1 M 

T = 573°K 

X = 0.15 

Nozzl = 28 cm 

124 (nm) 70 % [46] 

NiO:8Li C = 1 M 

T = 600°C 

17.7 (nm) 75 % [47] 

NiO:8Li C = 0.1 M 

T = 400-430°C 

20 (nm) 73 % [48] 

NiO Ni = 58.80 w % 

O = 22.26 w % 

C = 18.93 w % 

T = 470°C 

50 (nm) 68 % [49] 

NiO T = 300°C 

C = 0.03 M 

20 (nm) 30 % [50] 

NiCo2O4 T = 300° 

C = 0.1 M 

10 (nm) 59 % [60] 

NiO T = 360°C 

C = 0.1 M 

Ta = 30 min 

116 (nm) 76 % [51] 

NiO T = 460°C 350 (nm) 75 % [52] 
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C = 0.2 M 

NiO1-x 

ZnX 

T = 623°K 

C = 0.1 M 

X = 0.05 

18.75 (nm) 75 % [53] 

NiO T = 350°C 

C = 0.75 M 

12.82 (nm) 65 % [54] 

NiO T = 450°C 

C =0.01 

92 (nm) 71 % [55] 

 

I-3-2-B- Absorbance of NiO thin films 

In the last years, many researchers’ spokes to absorbance, they found that the value 

of absorbance for NiO thin films between 0.1 and 0.8 in the range 380 to 800 nm of the 

wavelength visible. 

Akl and Mahmoud [74], however, the absorbance it’s affected by more property such 

as temperature, she superfast in the law temperature on account of miss-class of atoms, this 

is last prevented passing the light, they found other researchers [75], that absorbance 

affected by concentration, so the absorbance law in the highest molarities because of there 

is no stacking of the grain thin films which facilitate passage of light. And in the other 

article [76],they found influence to absorbance by thickness, so small values of absorbance 

resulting from large thickness, finally we saw  on other influential it’s doping by many 

materials, such as Ag, Zn, Co, Cu and Na, et al, each element has a special effect : 

- The higher the percentage of Zn in ZnXNi1-XO solution of thin films, so the 

decreased value of the absorption NiO thin films [77]. 

- In decrease that value of Mn with NiO, so higher the percentage of absorption[78]. 

- The solution of NiO:Li if the concentration Li is law, so the absorption of NiO thin 

films is also weak [79]. 

  

I-3-2-C- Optical band gap of NiO thin films 

In solid-state physics, a band gap, also called an energy gap or band gap, is an energy 

range in a solid where no electron states can exist. In graphs of the electronic band 

structure of solids, the band gap generally refers to the energy difference (in electron volts) 

between the top of the valence band and the bottom of the conduction 

https://en.wikipedia.org/wiki/Solid-state_physics
https://en.wikipedia.org/wiki/Solid
https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Electronic_band_structure
https://en.wikipedia.org/wiki/Electronic_band_structure
https://en.wikipedia.org/wiki/Electron_volt
https://en.wikipedia.org/wiki/Valence_band
https://en.wikipedia.org/wiki/Conduction_band
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band in insulators and semiconductors. It is the energy required to promote a valence 

electron bound to an atom to become a conduction electron, which is free to move within 

the crystal lattice and serve as a charge carrier to conduct electric current. It is closely 

related to the HOMO/LUMO gap in chemistry. If the valence band is completely full and 

the conduction band is completely empty, then electrons cannot move in the solid; 

however, if some electrons transfer from the valence to the conduction band, then the 

current can flow. Therefore, the band gap is a major factor determining the electrical 

conductivity of a solid. Substances with large band gaps are generally insulators, those 

with smaller band gaps are semiconductors, while conductors either have very small band 

gaps or none, because the valence and conduction bands overlap (see Table( I -7)) [80]. 

 

(αhν)
 2 

= A (hν–Eg) 

where 

- A is a constant 

- hν is the photon energy 

- Eg is the optical band gap energy Eg. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (I- 2): Band gap in semiconductor 

 

https://en.wikipedia.org/wiki/Conduction_band
https://en.wikipedia.org/wiki/Electrical_insulation
https://en.wikipedia.org/wiki/Semiconductor
https://en.wikipedia.org/wiki/Valence_electron
https://en.wikipedia.org/wiki/Valence_electron
https://en.wikipedia.org/wiki/Conduction_electron
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/HOMO/LUMO
https://en.wikipedia.org/wiki/Electrical_conductivity
https://en.wikipedia.org/wiki/Electrical_conductivity
https://en.wikipedia.org/wiki/Insulator_(electrical)
https://en.wikipedia.org/wiki/Semiconductor
https://en.wikipedia.org/wiki/Electrical_conductor
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Table( I -7): Band gap energy and transmittance values of NiO thin films deposited at 

different conditions 

S.N. Condition Band gap energy (eV) Transmitence ( % ) Ref 

Li-NiO T= 420°C 

C = 0.1 M 

Eg=3.51 eV 68 % [41] 

NiO-Ag 400°C 

Ni : 42.13 % atomic 

Ag: 11.06 % atomic 

O: 47.13 % atomic 

P : 5.10
-4

 mbar 

Eg=3.00 eV 39 % [42] 

NiO-B NiO:97 % 

B:3% 

400°C 

C = 0.1 M 

Eg=3.58 eV 12 % [43] 

NiO C = 0.5 M 

T=500°C 

Eg=3.28 eV 40 % [a4] 

NiO C = 0.5 M 

T=500°C 

Precusar = 10 mL 

Eg=3.64 eV 70 % [45] 

CoxNi1-xO C =0.1 M 

T = 573°K 

X = 0.15 

Nozzl = 28 cm 

Eg = 3.26 eV 70 % [46] 

NiO:8Li C = 1 M 

T = 600°C 

Eg = 2.28 eV 80 % [47] 

NiO Ni = 58.80 w % 

O = 22.26 w % 

C = 18.93 w % 

T = 470°C 

Eg = 3.11 eV 85 % [48] 

NiO T = 300°C 

C = 0.03 M 

Eg = 3.56 eV 68 % [49] 
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ZnXNiO1-x T = 460° 

C = 0.1 M 

X = 0.6 

Eg = 3.66 eV 30 % [81] 

NiO T = 360°C 

C = 0.1 M 

Eg = 3.48 eV 86% [51] 

NiO T = 460°C 

C = 0.2 M 

Eg = 3.41 eV 90 % [52] 

NiO1-x ZnX T = 623°K 

C = 0.1 M 

X = 0.05 

Eg = 3.48 eV 75 % [53] 

NiO T = 350°C 

C = 0.75 M 

Eg = 3.70 eV 65 % [54] 

NiO T = 450°C 

C =0.01 

Eg = 3.82 eV 84 % [55] 

NiO-Cu T = 1737°F 

Cu = 16.17 at% 

Eg = 3.6 eV 45 % [56] 

(NiO)1-

x(ZnO)x 

T = 400°C 

C = 0.05 M 

X = 0.25 

Eg = 3.67 eV 60 % [57] 

 

I-3-2-D- Refractive index  

The optical reflectance spectra (R) have been used to determine the refractive index 

(n) (see table I.8)of the film through the relation[82-83]. 

𝑛 =
1 + R 

1 − R 
√

4R

(1 − R)2
− K2 

where K is the extinction coefficient, R is the reflection; n is the refractive index[84-85] 
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Table( I -8): Refractance index values of NiO thin films deposited at different conditions 

N.S condition n Ref 

Li-NiO T= 420°C0 

C = 0.1 M 

1.72 [41] 

NiO T = 360°C 

C = 0.1 M 

1.98 [51] 

 

 

I-3-3 - Electrical Properties of NiO Thin Films 

The electronic band of the nickel oxygen are expressed as: 

Ni: 1s
2
2s

2
2p

6
3s

2
3p

6
4s

2
3d

8
 

O : 1s
2
2s

2
2p

4
 

NiO is a native p-type semiconducting material [86]. 

The electrical conductivity of NiO films has a string depended on the microstructure 

defect existing in NiO crystallites, such as nickel vacancies and interstitial. 

Furthermore, the microstructure and composition, as well as the deposition 

conditions and environment, are the main factor affecting the electrical properties of NiO 

thin films [87]. 

They found that the electrical conductivity of NiO is strongly related to the formation 

of microstructure defect inside the NiO crystallites, such as nickel vacancies and interstitial 

oxygen, it was related the decreasing in carrier concentration and mobility, which as a p-

type semiconductor, in which vacancies occur in caption sites, from each caption vacancy, 

two electron holes are formed. 

 The existing in NiO films are electron holes, which are responsible for the electrical 

conductivity of the undoped nickel oxide. 

 The resistivity is inverse proportional to the product of the carrier concentration 

with their mobility. 

 The decrease in resistivity can be explained by the improved stoichiometry of the 

film.  

Alver et al [88], investigated the synthesis and characterization of born-doped NiO 

thin films produced by spray pyrolysis. Obtained an electrical resistivity in the range of 0 

to 19 Ω.m, they found the resistivity of Boron doped NiO films with doping by annealing 
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temperature is smeller then without, when they introduced Boron atoms in the ZnO matrix 

the decrease in resistivity might be mainly due to the substitution of B3+ with Ni2+ in the 

lattices, which provides more free electrons for the conduction mechanism.Similar results 

are obtained with [89]. 

 

Table( I -9):  Electrical conductivity values of NiO thin films deposited at different 

conditions 

S.N. Condition Electrical conductivity (Ω.cm)
-1

 Ref 

Li-NiO 420°C σ= 8  

 

[41] 

NiO-Ag 400°C 

Ni : 42.13 % atomic 

Ag: 11.06 % atomic 

O: 47.13 % atomic 

P : 5.10
-4

 mbar 

σ= 0.0073  

 

[42] 

NiO-B NiO:97 % 

B:3% 

400°C 

C = 0.1 M 

σ= 2.8  

 

[43] 

NiO C = 0.5 M 

T=500°C 

σ= 0.56  

σ=11.59  

 

[44] 

NiO-Li NiO = 98 % 

Li = 2 % 

σ= 0.47  [89] 

NiO:8Li C = 1 M 

T = 600°C 

σ= 0.3  

 

[47] 

NiO:8Li C = 1 M 

T = 400-430°C 

σ= 10
2
 

 

[48] 

NiO C = 0.2 M 

T = 470°C 

σ= 2.3 10
-5

 

 

[49] 

NiO T = 360°C σ=11.24   [51] 
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C = 0.1 M  

NiO T = 460°C 

C = 0.2 M 

σ=  4.34 

 

[52] 

NiO1-x ZnX T = 623°K 

C = 0.1 M 

X = 0.05 

σ= 10
-9

 

 

[53] 

NiO-Cu T = 1737°F 

Cu = 16.17 at% 

σ= 0.1  

 

[56] 

(NiO)1-

x(ZnO)x 

T = 400°C 

C = 0.05 M 

X = 0.25 

σ=10
-9

 [57] 

 

I-3-4 - Magnetic Properties of NiO Thin Films 

The change of crystal structure with temperature actually is associated with the 

magnetic properties of nickel oxide. The Neel temperature (TN) defends as the temperature 

at which ant ferromagnetism changes to paramagnetism. Nickel oxide is ant ferromagnetic 

at room temperature, and paramagnetic above (TN= 250°C). 

Each magnetic unit cell contains four chemical unit cells. Above the Neel 

temperature, the spin ordering disappears and spin becomes random [90]. 

I-4- Nickel oxide application 

Wide band gap semiconducting nickel oxide (NiO) thin films have attracted 

considerable attention because of their low material cost, excellent durability, and 

electrochemical stability in abroad range of application such as: 

 An antiferromagnetic material. 

 Solar thermal absorber. 

 Part of functional sensor layers in chemical sensors. 

 The positive electrode in batteries. 

 Promising ion storage material in terms of cyclic stability. 

 Giant magneto resistive spin valve structures. 

 Resistive memories. 

 P-type transparent conducting films. 
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 Photo electrolysis. 

 Fuel cell. 

 Electrocatalysis [91]. 

 Electrochemical device heterogeneous catalysis as well as lithium batteries [92]. 

 A material for the electro chromic display device [93]. 

 

I-5- Conclusion 

Nickel oxide (NiO) has attracted a great deal of attention due to its wide direct band gap of 

(3.6-4.2 eV), which exhibits p-type conductivity. Stoichio metric NiO is an insulator with a 

resistivity of the order of 10
13

Ω.cm at room temperature. NiO is one of the most important 

oxide materials due to its excellent chemical stability and durability, low toxicity, large 

span optical density, low cost and good thermal stabilityand high stability that are similar 

to ZnO. NiO can be used in various potential applications such as solar cells due to the p-

type semiconducting, transparent diodes, transparent transistors, displays and defrosting 

windows because their transparency can be used for the UV photo detectors and touch 

screens due to the good responsively. NiO can be produced by several techniques such as 

reactive evaporation, molecular beam epitaxy (MBE), magnetron sputtering technique, 

pulsed laser deposition (PLD), spray pyrolysis, sol‒gel process, chemical vapor deposition, 

and electrochemical deposition. 
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II-1- Introduction: 

      The NiO and ZnO solutions were sprayed on the heated glass substrates by spray 

pneumatic method which transforms the liquid to a formed streamwithuniform and fine 

droplets of 25μm average diameter .The deposition was performed at a substrate 

temperature of 450°C with deposition rate was 5.7 mL /min. 

      The structural properties of: NiO, (Zn doped NiO) and (Ni doped ZnO) films were 

studied by means of X-ray diffraction (XRD Bruker AXS-8D) with CuKα radiation 

(λ=0.15406 nm) in the scanning range of (2θ) was between 20° and 70°.The optical 

transmission of the deposited films wasmeasured in the range of (300 – 1000 nm) by using 

an ultraviolet-visible spectrophotometer ( LAMBDA 25) while the electricalresistance R 

was measured by four point methods. 

II-2- Elaboration 

Preparation of thin layers of nickel oxide and zinc oxide with thermal chemical spraying 

technology 

II-2-1- Spray Technique 

      This the method which is one of the chemical methods is used in ourcurrentresearch. It 

was developed in the sixties of the last century and because of the urgent need for 

lessexpensivetechnology for the preparation of large-scaledevices in the photovoltaic 

industries. the Thin layer membranes of sulfides and inorganic cyanides are prepared by 

hydrolysis on a hot base. The first to use this method was Auger & Hotle In 1956 as 

theyprepared a black copper membrane on an aluminum base using a selective surface [1]. 

II-2-2- Mechanism 

      The chemical thermal spraying is the most common chemical methods for the 

preparation of thin films. This method is to spray the solution of the substance to be 

prepared in the form of very thin droplets (a few tens of micrometers per drop) on the 

bases Hot and at a certain temperature depends on the type of material used.Chemical 
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reaction occurs between the atoms of the substance and the hot  base. This reaction 

engenders thin membrane. 

 

Figure (II-1):spray pneumatic technique. 

II-2-3- Advantages of the Spray 

 Economical technology; the fact that the used devices  do not need to complex and 

expensive systems. 

 Membranes can be deposited on a wide area, with thin films prepared with good 

adhesion and high stability in their physical properties over time. 

 Transient sedimentation is easy to obtain for selected materials in terms of 

compositional, optical and electrical properties by mixing two or more substances 

or changing the concentrations of the elements involved in membrane composition 

or changing the temperature of the base. 

 The preparation of membranes for a wide range of materials with high melting 

grades is difficult to prepare in other ways. 

II-2-4- Disadvantage of the Spray 

 It requires a lot of efforts  and time to get homogeneous membranes. 

 Only chemical solutions are used and the powder cannot be deposited directly. 
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II-3- Parameters of the deposition 

      During this work there are a set of conditions that must be set in order to obtain nickel 

oxide and zinc oxide layers of good quality.These conditions are : 

 We install the substrate temperature within 450 °C. 

 We use nickel acetate ( Ni (CH3.CO2)2 . 4H2O ) as a nickel source . 

 We use zinc acetate ( Zn (CH3.CO2)2 . 2H2O ) as a zinc source 

 The size of the primary solution is 40 ml  

 The concentration of the nickel solution is CNiO =0.05mol / l. 

 The concentration of the zinc solution is  CZnO =0.05 mol / l. 

 Pressure 1.0 par  

 The distance between the substrate and the sprayer is 42 cm  

II-4- Preparation 

To prepare thin layers of nickel oxide and zinc oxide, we follow these steps: 

II-4-1- Preparation of solution 

NiO: 

      We prepared nickel oxide membranes NiO of nickel acetate solution  ( Ni (CH3.CO2)2 . 

4H2O ) which is a solid material Green-colored molecular weight M=248.84 g/mol. The 

weight of the nickel acetate should be mixed in size V=40 ml of distillation water to 

prepare solution with calculated concentration using the following method. 

We have a concentration of  NiO  solution C:  

C= n/V                                                            (II-1) 

Where: 

C: Concentration of solution (mol/l) 

n: material quantity (mol)  

V: Volume of the solvent (l)  
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And on the other hand we have the amount of material n: 

n = m / M                                                           (II-2) 

Where: 

m: Nickel nitrates block (g) , M: Molten mass of nickel nitrates (g/mol)  

To compensate the latest relationships to repel that the mass of nickel nitrates are 

calculated as follows: 

m=MCV                                                                 (II-3) 

      The weight of nickel acetate  to be dissolved at different concentrations to ensure full 

solubility. We use a magnetic (disc+) mixer  to mix the solution for 20 minutes. This is to 

ensure that there are no sediments with heating for homogeneity and we adddrops HCl to 

remove undesirable elements. So, we get the required solution. 

 

Table (II-1):The physical and chemical properties of Nickel [2]. 

Chemical name Nickel Acetate 

Molecular formula C4H6O4.Ni.4H2O 

Molecular weight 248.84 g/mol 

Color Green 

Density 1.78 g/cm
3
 

Melting point 56.7 °C 

 

ZnO: 

       We prepared zinc oxide membranes ZnO of zinc acetate solution  ( Zn (CH3.CO2)2 . 

2H2O) which is a solid material White-colored molecular weight M=219.50 g/mol. The 

weight of the zinc acetate should be mixed in size V=40 ml of distillation water. 
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Table (II-2):The physical and chemical properties of Zinc [3]. 

Chemical name Zinc Acetate 

Molecular formula C4H6O4.Zn.2H2O 

Molecular weight 219.50 g/mol 

Color White 

Density 1.735 g/cm
3
 

Melting point 237°C 

II-4-2-Preparatin of the substrate 

 Glass Substrates 

 During this study, NiO and ZnO thin films were deposited on glass substrates (see 

Figure II.2) which have a length of 2.5cm and a width of 2.5cm.  We chose the 

glass for these reasons: 

 The thermal compatibility with NiO (thermal dilation coefficients are αglass =8.5x10
6 

K
-1

, αNiO=3.2·10
–5

 K
–1  

[4]. at room temperature ) to minimize the constraints with 

the interface film/substrate. 

 For the transparency of the glass which adapts well for the optical characterization 

of films in the visible one. 

 For economic reasons. 

 In order to obtain good adherence and uniformity for the films. 

 

Figure (II-2):Glass Substrates. 
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 Substrate Cleaning Process  

      The adherence and the quality of the depot repose on purity and the state on 

substrate;thus, the cleaning of the substrate is one of the most important steps to remove 

any contaminated organic compounds.The cleaning of our substrates surfaces is as follows: 

 The substrates are cut using a pen with diamond point. 

 Washing with soap solution to clean any dusts or attachments.  

 Washing with distilled water to remove soap, and then with acetone for 2 min. 

  Rinsing with distilled water again. 

  Washing with ethanolfor 2 min at ambient temperature. 

 Cleaning in water distilled bath. 

 The substrates were then left to dry in air. 

 

II-4-3- Preparation of NiO thin films 

       After preparing both the substrate and the solution, we begin directly the deposition 

process using chemical thermal spraying technique where the latter undergoes a series of 

steps: 

 The substrate is placed above the substrate holder and heated gradually from room 

temperature to the required temperature 450°C.This is  to avoid the effect of the 

substrate by sudden change of temperature. 

 When heated, sprinkle very fine drops of solution on the hot substrateusing the 

airbrush. This allows the chemical reaction to be activated between the components 

of the solution. The solvent evaporates due to high temperature and the nickel oxide 

layer is formed on the surface of the substrate as a result of the reaction. 

 Do not spray on the substrate at once to avoid frosting since in each time the glass 

slides back to its original temperature. This prevents the membrane from being 

broken and allows the prepared membranes to complete the process of interaction 

and crystalline development to obtain a more homogeneous membrane. 

 The NiO thin films were elaborated at 450 °C in air with various deposition rates of 

20, 40, 60 and 80 ml. 
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II-4-4- Preparation of Zn doped NiO thin films (Ni1-x  Znx  O) 

       We prepared a mixture between solution NiO and solution ZnO according to the 

change of X as shown in Table (II-3). 

The NiO thin films were produced at 450 where we spray 40 ml each time on the substrate. 

 

Table (II-3): The experimental conditions of preparation NiO thin films. 

VT 

(ml) 

V zinc acetate 

(ml) 

V nickel acetate 

(ml) 

Ni1-x  Znx  O X The 

sample 

number 

40 0 40 Ni1O 0 1 

40 0.8 39.2 Ni0.98  Zn0.02  O 0.02 2 

40 1.6 38.4 Ni0.96  Zn0.04  O 0.04 3 

40 3.2 36.8 Ni0.92  Zn0.08  O 0.08 4 

40 4.8 35.2 Ni0.88  Zn0.12  O 0.12 5 

 

II-4-5- Preparation of Ni doped ZnO thin films (Ni1-x  Znx  O) 

      We prepared a mixture between solution ZnO and solution NiO according to the 

change of X as shown in Table (II-4). 

The ZnO thin films were produced at 450 where we spray 40 ml each time on the substrate. 

 

Table (II-4):The experimental conditions of preparation ZnO thin films. 

VT 

(ml) 

V zinc acetate 

 (ml) 

V nickel acetate 

 (ml) 

Ni1-x  Znx  O X The 

sample 

number 

40 40 0 Zn1 O 1 1 

40 39.2 0.8 Ni0.02  Zn0.98  O 0.98 2 

40 38.4 1.6 Ni0.04  Zn0.96  O 0.96 3 

40 36.8 3.2 Ni0.08  Zn0.92  O 0.92 4 

40 35.2 4.8 Ni0.12  Zn0.88  O 0.88 5 
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II-5- Characterization of the films 

      Nano-particles of NiO and ZnO semiconducting electrochromic thin films have been 

prepared depending on the structural, optical and electrical characteristics which have been 

studied using different measuring techniques that are listed below: 

 X-ray diffraction (DRX) 

 Ultraviolet-visible spectroscopy. 

 the electrical conductivity was measured by the mean of four points. 

II-5-1- Structural characterization  

 X-ray diffraction 

      X-ray diffraction (XRD) is a material characterization technique that is used to 

determine the crystalline quality, chemical composition, and atomic structure of a solid 

material. 

       X-rays are typically generated by accelerating electrons at a metal target at several 

KeV which causes the core electrons in the metal target to become knocked out by the 

energized electrons. When the higher shell electrons fall into the vacancies in the core 

shell, it causes x-rays to be emitted. A copper source is one of the most common metal 

targets. These x-rays are called Characteristic x-rays because they havewell-defined 

wavelengths that corresponds to the energy difference between the two shells in the metal 

target. The characteristic x-rays are sent towards the sample and they cause the atoms and 

their electrons to scatter the x-rays [5]. 
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Figure (II-3):Bruker D8 Advanced X-ray Diffractometer[6]. 

 

       Since the wavelengths of the x-rays (1-100Å) are similar in size to the inter-atomic 

spacing (dhkl) of the material, the waves diffract and scatter, gathering and carrying 

information about the material’s individual atoms and their arrangement. Crystalline 

samples which possess long-range order in their atomic arrangement represented by crystal 

structures, are easy to be measured because they scatter strongly in certain directions. The 

building block of the crystalline sample is the crystal structure and its unit cell. According 

to Bragg’s law, these unit cells will all scatter. 

nλ = 2dhkl sinθ                                                        (II-4) 

Equation (II-4) Bragg’s law describes at which angles and wavelengths an incident x-ray 

wave will cause constructive interference of the scattered waves. 

Where:  

 n is an integer. 

 λ is the wavelength of the incident wave. 

 dhkl is the spacing between the planes in the atomic lattice.  

 θ is the angle between the scattered wave and the atomic plane [5]. 
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Figure (II-4): Bragg’s diffraction [7]. 

According to the (XRD): 

 In the case of polycrystalline films, the (XRD) shows various peaks at different 

angles of diffraction and diffraction pattern as shown infigure  (II-5 a) . 

 The single crystal material exhibits sharp reflections (sharp peaks). As shown in 

Figure (II-5 b). 

 For the amorphous films material, the diffraction does not exhibit any sharp peaks. 

This can be simply represented in Figure (II-5 c) [7]. 

 

 

Figure (II-5): (XRD) of semiconductors. 

(a) Polycrystalline (b) Single material (c) Amorphous material [8]. 
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II-5-2- Optical characterization 

 Ultraviolet–visible spectroscopy 

Ultraviolet–visible spectroscopy or ultraviolet-visible spectrophotometry (UV-Vis or 

UV/Vis): refers to the absorption spectroscopy or reflectance spectroscopy in the 

ultraviolet –visible spectral region. This means it uses light in the visible and adjacent   

(near-UV and near – infrared [NIR]) ranges. The absorption or reflectance in the visible 

range directly affects the perceived color of the chemicals involved. In this region of the 

electromagnetic spectrum, molecules undergo electronic transitions. This technique is 

complementary fluorescence spectroscopy, that fluorescence deals with transitions from 

the excited state to the ground state, while absorption measures transitions from the ground 

state to the excited state. 

 

 

Figure (II-6):Ultraviolet-visible spectrophotometer (LAMBDA 25) 

 

 Principle of ultraviolet-visible absorption 

Molecules containing π-electrons or non-bonding electrons (n-electrons) can absorb 

the energy in the form of ultraviolet or visible light to excite these electrons to higher anti 

bonding molecular orbital. The more easily excited the electrons(i.e. lower energy gap 

between the HOMO and the LUMO), the longer the wavelength of light it can absorb [9]. 
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Figure (II-7): Schematic of UV-visible spectrophotometer[10]. 

 

II-5-3- Electrical characterization 

 Four point probe technique 

The four-point probe is a very versatile device. It is used widely for the investigation of 

electrical phenomena. The effect of the contact resistance could be eliminated with the use 

of such configuration. The most common in-line configuration has been adopted in this 

work (see Figure (II-8)).   

 

 

Figure (II-8): Schematic of in-line four-point probe configuration 
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      In the measurement, the four metal tips have been attached to the test sample. A high 

impendence current source of I = 0.5 μA has been used to supply current through the outer 

two probes; a voltmeter measured the voltage V across the inner two probes. The probe 

spacing was 1 mm. Consequently, the sheet resistance of the film is derived from the 

formula: 

     𝑅𝑆  =
𝜋

𝐿𝑛 2  
∗

𝑉

𝐼
                                                               (II-5) 

where the factor of (π/ln2) is on account of the effect of the current extending. If the film 

thickness is known, the resistivity is readily obtained from 

𝜌 = 𝑅𝑠 ∗ 𝑑                                                                    (II-6) 

where d is the film thickness. The mean value of three measurements has been taken in 

order to reduce the measuring error [11]. 

 

 

Figure (II-9): Experimental dispositif. 

II-6- Conclusion  

       In this chapter, we have studied the NiO thin films and ZnO thin filmsby spray 

pneumatic method and wehave also determined the experimental conditions.Finally we 

used various characterization methods such as: XRD, The UV-VIS spectroscopy and 

electrical characterizations (the four points technique) 
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III-1- Introduction  

Nickel oxide (NiO) is a p-type semiconductor of semiconducting material with optical 

band gap was varied between 3.6 to 4 eV [1]. In the latest research, the NiO is forming of 

nickel metal and oxygen element, it was found in the cubic structure with lattice parameter 

(a= 0.4816 nm) [2]. NiO is one of the most important oxide materials due to its excellent 

chemical stability and durability, low toxicity, large span optical density, low cost and 

good thermal stability [3]. NiO was developed as thin films to be used as a gas sensing due 

to their good optical transparency and good electrical conductivity [4.5]. The use of NiO 

thin films in the detection of toxic gases has a role in improving the physico-chemical 

properties, by researching how to prepare and any possible method. Gavale et al. [6] 

studied the physical properties of nanocrystalline NiO thin films prepared by spray 

pyrolysis technique, where investigated the influence of film thickness on the structural, 

morphological and optical properties of nanocrystalline NiO films, they found that the 

crystallinity and the morphological properties were increased with increasing the film 

thickness, also obtained a good transmission in the visible region is found to be 80% with 

optical band gap found to in the range of 3.48 eV to 3.53 eV.  

However, the NiO thin films but were used in various applications due to the 

simplicity of synthesis can be investigated in solar cells [7], chemical sensors [8], 

photodetedors [9], electro chromic minors [10], organic light emitting diodes [11] , UV 

detectors [12], vans parent diodes [13] , and defrosting windows [14]. NiO thin films can 

be prepared by various methods likely molecular beam epitaxy (MBE) [15], 

electrochemical deposition [16], chemical vapor deposition [17], sol-gel process [18], 

reactive evaporation [19], pulsed laser deposition (PLD) [20], magnetron sputtering 

technique [21] and spray pyrolysis [22]. The spray method was used for technological 

applications because it is one of the most important techniques to deposition a large-scale 

production. The prepared the thin films by this method have a good adhesion mechanical, 

and good electrical conductivity; also it has a high optical transparency and magnetic 

properties of nanostructures NiO. 

The main objective of this work is to obtain a semiconductor as NiO thin films with 

high crystalline structure, good optical and electrical properties. In the present work, 

nanostructure NiO thin films were investigated, which are elaborated by spray pyrolysis 

method, the NiO was heated on glass substrate at a deposition temperature of 450 °C with 
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various deposition rates of 20, 40, 60 and 80 ml. the effect of deposition rate on structural, 

optical and electrical properties were investigated in the section of results and discussion.   

 

III-2- Experimental 

NiO solution was prepared by dissolving 0.05M (Ni(CH3COO)2, 4H2O) in the 

solvent containing equal volume absolute ethanol solution (99.995%) purity, the 

stabilization was carried with stirring the NiO solution for 60 min and addition of drops of 

HCl solution. The final solution was stirred and heated at 50 °C for 60 min to good 

transparent solution. The preparation was performed on glass substrates by spray pyrolysis 

method with heating at 450 °C. The NiO thin films were elaborated at 450 °C in air with 

various deposition rates of 20, 40, 60 and 80 ml.  

The crystalline structure of sprayed final films was carried by X-ray diffraction 

(XRD, Bruker AXS-8D) with CuKα radiation (λ = 0.15406 nm) by varying the scanning 

range of (2θ) from 20° and 70°. The transmittance and absorbance of the spayed NiO films 

was investigated in the wavelength range of 300–900 nm by spectrophotometer 

(SHUMATZU 1800). Finally, the electrical resistivity was measured by the four point’s 

methods. 

 

III-3- Results and discussion 

The X-ray diffraction (XRD) spectrum of the deposit NiO thin films by spray 

pyrolysis is shown in Figure (III- 1). The NiO thin films were obtained at various 

deposition rates are 20, 40, 60 and 80 ml. The XRD spectrum of sprayed NiO thin films 

was matched the structure of NiO thin films is cubic structure with JCPDS (No. 73- 1519) 

[20]. From this data can observed a only diffraction peak at  2  = 37.4°, which is related 

to the plan of (111). All the spectra’s of NiO thin films having one peak with higher in the 

sharper indicating that the obtain NiO thin film has a nanocrystalline structure.  The good 

results were found for the film prepared with 60 and 80 ml due to the increase in the 

FWHM of the peaks. However, the   preferred orientation is perpendicular with (111) 

plane. The crystallite size of all deposited NiO thin films was calculated by the Debye-

Scherrer formula [23]: 



CHAPTER III 
The role of deposition rate on the physical properties of 

NiO thin films elaborated by spray pyrolysis technique 

 

56 
 





cos

9.0
G                                                                         (1) 

where G is the crystallite size,  is the wavelength of X-ray (  = 1.5406 A°),   is the 

FWHM  and  is the half diffraction angle.  

 

Figure (III- 1)  :  X-ray diffraction spectra of NiO thin films at different deposition rates. 

 

Reported in the Figure (III- 1)  as a function of deposition rate the variation of the 

crystallite size and the diffraction angle of (111) diffraction peak. The crystallite sizes were 

stabilized at 20 ml and 40 ml of are taking two values 23.6 and 24.3 nm, respectively.  

Then decreased to minimum value was found at 60 ml of deposition rate it is 15.8 nm. The 

decrease in the crystallite size of NiO thon films was indicated to improve of crystalline 

structure. However, the decrease of diffraction angle with decreasing of crystallite size 

showed that the existence of sufficiently thicker films in less strained (or more relaxed) 

state. 
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Figure (III- 2)  : The variation of crystallite size and diffraction angle as a function 

of deposition rate in NiO thin films 

 

The Optical properties of NiO thin films deposited at various deposition rates were 

performed by measuring the transmittance and absorbance in the wavelength region 300 to 

900 nm, it are shown in Figure (III- 3)  . Can see that the height transparency of the NiO 

thin films in visible region with an average transmission is about 70 %, so that the films 

exhibit high transparency by comparing with original nature, it is found by various 

literatures in the range 40 to 60% [24,25].  The region of the absorption edge was observed 

when the transmission was decreased, which is related transition between the valence band 

and the conduction band it is located between 320–370 nm. The inset of Figure (III- 3)   

was present the variation of absorbance data of NiO thin films, the absorption edge shifts 

was observed clearly at wavelength shorter than 400 nm. The absorption edge shifts of 

NiO thin films were decreased with increasing the deposition rate. As can be note, the 

optical property of NiO thin films is affected by deposition rate. 
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Figure (III-3): Transmission spectra of ZnO thin films as a function of deposition rate, the 

inset present the absorbance of the thin films.. 

 

The role of deposition rate on transmission of  NiO thin films was clearly observed 

on the layer quality. But the absorption edge of NiO film was observed to red shift can be 

explained by the changes in the optical band gap. So that absorbance and the optical band 

gap energy
gE of NiO thin films were determined by the following relations [3,26]: 

 

TdA ln                                                                           (2) 

)()( 2

gEhCAh                                                                        (3) 

where A  is the absorbance, d is the film thickness; T is the transmission spectra of thin 

films;   is the absorption coefficient values; C is a constant, h  is the photon energy 

( )(
)(

1240
eV

nm
h


  ) and gE the band gap energy of the semiconductor. However, the 

disorder or Urbach energy ( uE ) also was determined by the expression follow [27]: 
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where 0A
 
is a constant h  is the photon energy and uE  is the Urbach energy, the Urbach 

energy was used for characterize the order of the defects. 

The variation of optical band gap and Urbach energy was calculated as a function of 

deposition rate, it is presented in the Figure (III-4). The band gap energy was observed a 

smaller than 3.5 eV, it is change and decreased with increasing of deposition rate from 3.51 

to 3.34 eV of 20 to 80 ml, respectively. The decrease in the optical value of NiO thin films 

can be explain by effect of quantum confinement due to the diminution in the crystallite 

size of NiO thin films (see Figure (III-2)). As can be seen in Figure (III-4) that the Urbach 

energy was increases from 20 to 60 ml, and decrease to minimum value was found at 80 ml 

is 0.286 eV.  This is can be related by the diminution of the crystallite size (see Figure (III-

2)). 

 

Figure (III-4):  The variation of optical band gap gE  and Urbach energy uE  of NiO thin 

films with deposition rate. 

Figure (III-5) shows the variation as a function of deposition rate of the electrical 

resistivity of NiO thin films. The deposition rate was play an important parameter in 

prepared the NiO thin films. The variation of electrical resistivity was measured with the 
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increase in the deposition rate (increase in the film thickness). These variations are rapid 

decreases to minimum value at 80 ml is 0.152 Ω.cm.  The decrease in the resistivity of NiO 

films can be explained by the diminution of defects, which was related by the decreasing in 

the Urbach energy (see Figure (III-4)).  

 

 

Figure (III-5): Electrical resistivity of NiO thin films at different deposition rate. 

 

III-4- Conclusions 

In summary, the NiO thin films were prepared by spray pyrolysis method on glass 

substrate at 450 °C with various deposition rates (film thickness). The structural, optical 

and electrical properties of nanostructures NiO thin films were investigated by study the 

influence of deposition rate on. NiO thin films were observed a nanocrystalline a cubic 

structure with a strong (111) preferred orientation, it is only phase was observed in all 

deposited films. The minimum value of crystallite size (15.8 nm) was measured of 

deposited film with 60 ml. The average transmittance is about 70 % was observed in all 

NiO thin films. The NiO thin films have a verity in the band gap energy from 3.34 to 3.51 
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eV because the effect of deposition, the minimum value was found at 80 ml, this condition 

have a lowest Urbach energy. The NiO thin film elaborated with 80 ml has a minimum 

electrical resistivity was 0.152 (Ω.cm). The NiO thin films sprayed with 60 and 80 ml have 

good structural, optical and electrical properties. 
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IV-1- Introduction 

         This chapter includes the description and analysis of the measurements and the 

discussion of obtained results of Zn doped NiO thin films. It focuses on the structural, 

optical and electrical properties of Zn doped NiO thin films with different doping levels (0, 

0.02, 0.04 0.08 and 0.12 %), Table IV.1 presents the experimental conditions of prepared 

of Zn doped NiO thin films, which were deposited on glass substrates by spraying 

technique at substrate temperature equal to 450°C. 

 

 

Table IV.1. The experimental conditions of prepared of Zn doped NiO thin films 

N X Ni1-x  Znx  O V zinc acetate 

(ml)   
Vnickel acetate 

 (ml)   

t (min) C nickel acetate=C zinc acetate 

(mol/l)   
T (°C) 

1 0 Ni1 O 0 40 7 0.05 450 

2 0.02 Ni0.98  Zn0.02  O 0.8 39.2 7 0.05 450 

3 0.04 Ni0.96  Zn0.04  O 1.6 38.4 7 0.05 450 

4 0.08 Ni0.92  Zn0.08  O 3.2 36.8 7 0.05 450 

5 0.12 Ni0.88  Zn0.12  O 4.8 35.2 7 0.05 450 

 

 

 

IV-2-Zn doping effect on optical properties of NiO thin films: 

The optical characterization has been done using Perkin Elmer Lambda 25 UV-VIS 

spectrophotometer. The optical measurement results include relations of the transmittance 

and absorbance with wavelength for Zn doped NiO thin films with different doping levels 

(0, 0.02, 0.04 0.08 and 0.12 %). We studied the effect of the concentration on the optical 

parameters like absorption coefficient, optical energy gap and Urbach energy. 

 

IV-2-1-Transmittance spectra: 

 Figure (IV.1) shows the relation between transmittance and wave length in the range of 

(300 - 900 nm) for Zn doped (NiO) thin films with different doping levels. From this 

figure, we can observe that the transmittance for all samples increases rapidly as the wave 
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length increases in the range of (300- 360 nm), then increases slowly at higher wavelengths 

and the optical transmittance of these films increased with increasing level. The spectra 

show high transmittance about 70 to 80  in the visible region, and the maximum 

transmittance observed of thin films was about 80% at x=0.12. It can be noticed also that 

the fundamental absorption edge is sharp in the visible region of the spectrum; these results 

are in agreement with other studies [1]. 

 

 

Figure (IV.1): Optical transmittance spectra of thin films 

 

The inset of Figure IV.2 presents the variation of absorbance data of NiO thin films, 

the absorption edge shifts was observed clearly at wavelength shorter than 400 nm. The 

absorption edge shifts of NiO thin films were decreased with increasing the Zn deposition 

rate. As can be note, the optical property of NiO thin films is affected by Zn deposition rate 
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Figure (IV.2):Optical absorbance spectra of thin films 

 

 

IV-2-2-Optical Gap  

The optical band gap Eg was obtained by extrapolating the linear portion of the plot 

(Ahʋ)
2
 versus ( hʋ ) to A =0 [2]. See Figure (IV.3) according to the following equation 

[3,4]: 

𝐴 =  𝛼𝑑 = − ln 𝑇                                                                (IV.1)  

(𝐴ℎʋ)2 = 𝐶 (ℎʋ − 𝐸𝑔)                                                                (IV.2)  

 

Where A is the absorbance, d is the film thickness; T is the transmission spectra of 

thin films; α is the absorption coefficient values; C is a constant, hʋ is the photon 

energy and Eg the band gap energy of the semiconductor. 

One can estimate the optical gap (Eg) starting from the extrapolation of the 

curve which presents the evolution of (Aℎʋ)
2
 as a function of hʋ. The intersection 
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of the linear region on the hʋ axis gives the Eg. As shown in Figure (IV.3), using 

this method the band gap values of the thin films are located around 3.68eV 

which is in good agreement with the Eg value of bulk NiO (3.6 - 4 eV) [5]. 

There is a reverse fit. That is, the higher the vaccination percentage, the 

lower the Eg value, and this is due to the zinc, which has an energy value within 

the range of Eg=3.3 eV. 
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Figure (IV.3): The variation of (Ahν)
2
 as a function of hν for each  films. 
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From these curves, we have obtained the various Eg values which are represented in Table 

(IV.2) and plotted as a function of   doping in the Figure (IV.3). 

The decrease in the value of the optical band gap of the NiO film to 3.66 eV may be 

attributed to the improvement in the crystalline quality of the films as well as to the 

increase in the grain size [6]. 

 

Table (IV-2): Optical gap values of Zn doped NiO thin films. 

Eg (eV) X 

3.67 0 

3.69 0.02 

3.61 0.04 

3.63 0.08 

3.72 0.12 

 

 

IV-2-3-The Disorder (Urbach energy)  

The same thing as the optical gap, the Urbach energy (Eu) is related to the disorder in the 

film network, as it is expressed follow [7]: 

𝐴 = 𝐴0  exp (
ℎʋ

𝐸𝑢
)                                                             (IV.3) 

 

Where𝐴0 constant hʋis the photon energy and Eu is the Urbach energy, is presented in 

Table (IV.3). The Figure (IV.4) shows the drawn of LnA as a function of photon energy 

hʋfor deduce the Urbach energy. We have obtained these curves for each different doping 

level. 

Through the curves, we notice a decrease in the Urbach energy (Eu) when the increase in 

the doping level x, to the lowest value of Eu= 246 meV 
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Figure (IV.4): Variations of Ln (α) as a function of hvof Zn doped NiO thin films. 
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Table (IV-3): Disorder’s (Urbach energy) valuesof Zn doped NiO thin films. 

Eu (meV) X 

282 0 

264 0.02 

290 0.04 

287 0.08 

246 0.12 

 

 

 

 

Figure(IV.5)The variations of optical pand gap energy and Urbach energy of Zn doped 

NiO thin films at various doping levels. 
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We observe that the optical gap (Eg) exhibit a decrease which can be attributed to the 

growth of crystallite size which is resulted from the rise of doping level. 

The Urbach energy decreases with elevating doping level, than exhibit a little 

increment. 

The Urbach energy, corresponding with the tail width of the localized states within 

the optical band gap, thus it changes inversely with the optical band gap [8]. 

 

IV-3-Zn doping effect on Structural properties of NiO thin 

films: 

The structural characterization of the Ni1-xZnxO thin filmsis carried out by X-ray 

diffraction method is shown in Figure (IV-6). It can be noticed that all the patterns exhibit 

diffraction peaks around (2h*38and 44) referred to (111) and (200) crystal plan, 

respectively, the peaks position was in accordance with Rahmanet al [9]. The positions of 

obtained  peaks with and without presence in the XRD spectra indicating that the           

Ni1-xZnxO thin films are 
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Figure (IV-6) X-ray diffraction of Ni1-xZnxO thin films as a function of Zn doping 

level 

 

polycrystalline in nature with cubic structure, which is in agreement with other 

reports [10] of the cubic type of NiO (JCPDS) No. 73-1519) [11]. However, the good 

crystalinity was obtained in the lower doping. 

The diffraction peak angles of the NiO thin films to (111) and (200) phases were 

presented in Table (IV.3) and (IV.4), respectively. The lattice parameter a of a cubic NiO 

structure was calculated by using XRD data by the following equation [12]: 

1

𝑑ℎ𝑘𝑙
2 =

ℎ2+𝑘2+𝑙2

𝑎2
                                                              (IV.4) 



Synthesis of nanostructured of Zn doped NiO CHAPTER IV 

 

76 
 

wherea is the lattice parameter, h, k and l are the indices of the planes and  dhkl is the 

distance between adjacent planes in these (hkl)were calculated by using Bragg equation : 

 

2𝑑ℎ𝑘𝑙 sin 𝜃 = 𝑛𝜆                                                       (IV.5) 

 

Table (IV.4):The structural parameters of NiO thin film as a function of the thickness film 

to (111) diffraction peak. 

x 2θ(°) β1/2 (°) a(nm) 

0 37.3381 0.3936 0,417009 

0.02 37.2981 0.6298 0,41744 

0.04 37.4183 0.9446 0,416147 

0.08 37.3362 0.7872 0,41703 

0.12 37.0637 0.6298 0,419987 

 

 

Table (IV.5):The structural parameters of NiO thin film as a function of the thickness film 

to (200) diffraction peak. 

x 2θ(°) β1/2 (°)  a(nm) 

0 42.9067 0.3149 0,421428 

0.02 42.9053 0.4723 0,421441 

0.04 43.3430 0.7872 0,417386 

0.08 42.9439 0.6298 0,42108 

0.12 43.3698 0.2362 0,417141 
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Figure (IV-7)The variations of the 2tita and lattice parameter a for Ni1-xZnxO thin 

films as a function of Zn doping level 
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The lattice parameters are substrate dependent, which are gives rise to a mismatch 

between the substrate and the deposited thin films. The latter is responsible of the resulting 

strains and stresses. We estimated the strain εXX values in each thin film deposition via the 

formula [13]: 

𝜀𝑥𝑥 =
𝑎−𝑎0

𝑎0
∗ 100                                                             (IV.6) 

Where ɛ is the mean strain in NiO thin films, a the lattice constant of NiO thin films and 

the 𝑎0 lattice constant of bulk (standard a0= 0.4816 nm). In order to calculate the crystallite 

size G of (111) and (200) diffraction peaks in NiO films from the XRD patterns, we used 

Scherer’s equation [14]: 

G=
0.9𝜆

𝛽 𝑐𝑜𝑠 𝛳
                                                                     (IV.7) 

whereG is the crystallite size, λ is the wavelength of X-ray (λ = 1.5406 A°), β is the full 

width at half-maximum (FWHM), and θ is angle of diffraction peak. The values of 

crystallite sizes and FWHM are illustrated in Table (IV.6) and (IV.7). Note that the 

experimental accuracy in reading the 2θ angle is 0.02° of arc. 

 

 

Table (IV.6): The structural parameters of NiO thin film as a function of the thickness film 

to (111) diffraction peak. 

X 2θ(°) G(nm) a(nm) δ (m
-2

) 

0 37.3381 21.3143 0,417009 2.2012 *10
15

 

0.02 37.2981 13.319 0,41744 5.63712 *10
15

 

0.04 37.4183 8.88342 0,416147 1.26718 *10
16

 

0.08 37.3362 10.6571 0,41703 8.8049 *10
15

 

0.12 37.0637 13.3098 0,419987 5.64487 *10
15
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Table (IV.7): The structural parameters of NiO thin film as a function of the thickness film 

to (200) diffraction peak. 

x 2θ(°) G(nm) a(nm) δ (m
-2

) 

0 42.9067 27.1177 0,421428 1.3599 *10
15

 

0.02 42.9053 18.0803 0,421441 3.05906 *10
15

 

0.04 43.3430 10.8641 0,417386 8.47253 *10
15

 

0.08 42.9439 13.5606 0,42108 5.438 *10
15

 

0.12 43.3698 36.2109 0,417141 7.62644 *10
14

 

 

 

 

Figure (IV-8)The variations of crystallite sizes of (111) and (200) crystal plans 

ofNi1-xZnxO thin films as a function of Zn doping level 
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Figure (IV.8) shows the variation of crystallite size as a function of doping level of 

Zn, it can be observed from Figure (IV.8) that the crystallite sizes of (111) and (200) 

crystal plans decreased until reaching the value 8.8 and 10.8 nm for x=0.04, respectively.  

And then slowly increased to maximum values, the increasing in the crystallite with the 

variation of doping level can be indicating to improve of our thin films crystallinity. 

However, Figure (IV.9) presents the variations of main strain of (111) and (200) crystal 

plans, the decrease in the main strain can be provide an adequate explanation for the 

deterioration in the crystallinity of the films. 

 

 

Figure (IV-9)The variations of the main strains of (111) and (200) crystal plans of 

Ni1-xZnxO thin films as a function of Zn doping level 
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IV.4. Conclusion 

In this chapter we examined the properties of saturated zinc Ni1-xZnxO  thin films 

with different levels of doping The (0, 0.02, 0.04 0.08 and 0.12%). Were successfully 

deposited on glass substrate by Spray technique using Nickel and Zinc acetates  at a 

substrate temperature of 450 ° C. 

XRD patterns of the Zn-doped Nickel Oxide thin films indicate that all films are 

polycrystalline with cubic face centered crystal structure. The main characteristic peaks are 

assigned to the (111), (200) planes. The undoped NiO thin film has highest grain size.  

The transmittance of Zn-doped Nickel Oxide thin films increases rapidly as the wavelength 

increases in the range of (300-400) nm, and then increases slowly at higher wavelengths. 

The band gap decreases as the Zn-concentration increases and the band gap values range 

between (3.61-3.72 eV).The Urbach energy values range between (246-290 meV). 
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V-1- Introduction 

Metal oxide semiconductors display prominent role in the development of industrial 

applications due to its wide range of inherent properties such as UV light absorbance, 

photo-catalyst, magnetic and dielectric properties, high chemical stability, etc[1–2]. 

Among the metal oxide semi-conductors, ZnO is extensively studied in the past 

decade owing to their many interesting properties, such as, transparency in the visible and 

high infrared reflectivity, wide band gap (Eg = 3.3 eV), excellent piezo-electric properties 

and poses n-type conductivity [3]. The porous structure greatly influences the physical 

characteristics of the material such as elastic moduli, conductivity, permeability, 

mechanical property, etc. [4]. Since, porous particles have high surface area, large pore 

volume, tunable pore diameter, and also, preserve chemical stability along with surface 

functionality which allows the attachment of different functional groups of additives. 

Moreover, the introduction of trace amounts of dopant induces drastic changes in the 

physical and chemical properties of ZnO, which offers additional flexibility for designing 

new functional materials. Previous discovery suggests that the doping of 3d transition-

metal impurities into the non-magnetic oxides (ZnO) convert them into a ferromagnetic 

material above room temperature and they attained the required properties for spintronic 

applications [5]. Dietl et al. [6] and Sato et al. [7]theoretically predicted the transition 

metal atom(i.e., Fe, Cu, Cr, Co, Ni, Mn, and V) doped ZnO as so-called Diluted Magnetic 

Semiconductors (DMS). Among these, nickel (Ni) is an opt dopant due to its properties 

like stability in alcoholic medium and it can replace the ion without creating a cationic 

vacancy. Compared to Zn, Ni exhibits a similar ionic radius which permits the occupation 

of Ni ion in the tetrahedral sites without disturbing the physical properties [8]. 

Due to the smaller ionic radius of tetrahedrally coordinated Ni2
+
 ensure its larger solubility 

in ZnO crystal [9]. Furthermore, Ni2+ exhibits good chemical stability on incorporating 

into the Zn2+ sites [10]. We used the Spray Technique as a simple and facile method used 

to improve the electrical, optical, structural properties as well as modify the microstructural 

parameters (particle size, shape and their anisotropy) which is an economical manner. In 

this report, five different dopant concentrations (x = 0.88, 0.92, 0.96, 0.98 and 1) on       

Ni1-xZnxO. 

In this work, we deposited Ni doped ZnO thin films on glass substrate using spray 

pyrolysis technique, and we have studied the Impact of doping level of Ni on the optical 
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and structural properties of Ni doped Zinc oxide (ZnO) thin films, The main goal for this 

research is to find optimum information on doping level, Table V.1 presents the 

experimental conditions of prepared of Ni doped ZnO thin films. 

 

 

Table IV.1. The experimental conditions of prepared of Zn doped NiO thin films 

N X Ni1-x  Znx  O Vnickel acetate 

(ml)   
V zinc acetate 

(ml)   
t (min) C nickel acetate=C zinc acetate 

(mol/l)   
T (°C) 

1 1 Zn1 O 0 40 7 0.05 450 

2 0.98 Ni0.02  Zn0.98  O 0.8 39.2 7 0.05 450 

3 0.96 Ni0.04  Zn0.96  O 1.6 38.4 7 0.05 450 

4 0.92 Ni0.08  Zn0.92  O 3.2 36.8 7 0.05 450 

5 0.88 Ni0.12  Zn0.88  O 4.8 35.2 7 0.05 450 

 

 

V-2-Ni doping effect on optical properties of ZnO thin films: 

The optical characterization has been done using Perkin Elmer Lambda 25 UV-VIS 

spectrophotometer. The optical measurement results include relations of the transmittance 

and absorbance with wavelength for Ni doped (ZnO) thin films with different doping 

levels (0.88, 0.92, 0.96,  0.98 and 1 %).  We studied the effect of the concentration on the 

optical parameters like absorption coefficient, optical energy gap and Urbach energy. 

 

V-2-1-Transmittance spectra: 

 Figure (V.1) shows the relation between transmittance and wave length in the range of 

(300 - 900 nm) for Zn doped (NiO) thin films with different doping levels. From this 

figure, we can observe that the transmittance for all samples increases rapidly as the wave 

length increases in the range of (350- 390 nm), then increases slowly at higher wavelengths 

and the optical transmittance of these films increased with increasing level. The spectra 

show high transmittance about 80 to 100  in the visible region, and the maximum 

transmittance observed of  thin films was about 95% at x=0.98.  It can be noticed also that 
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the fundamental absorption edge is sharp in the visible region of the spectrum; these results 

are in agreement with other studies [11]. 

 

Figure (V.1)Optical transmittance spectra of Ni doped ZnO thin films 

 

The inset of Figure (V.2) presents the variation of absorbance data of ZnO thin films, 

the absorption edge shifts was observed clearly at wavelength shorter than 400 nm. The 

absorption edge shifts of ZnO thin films were decreased with increasing the Ni deposition 

rate. As can be note, the optical property of ZnO thin films is affected by Ni deposition 

rate. We get the lowest absorption value at x=0.98. 
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Figure (V.2):Optical absorbance spectra of Ni doped ZnO thin films 

 

 

V-2-2-Optical Gap  

The optical band gap Eg was obtained by extrapolating the linear portion of the plot 

(Ahʋ)
2
 versus ( hʋ ) to A = 0 [12]. See Figure (V.3) according to the following equation 

[13,14]: 

𝐴 =  𝛼𝑑 = − ln 𝑇                                                      (V.1)  

(𝐴ℎʋ)2 = 𝐶 (ℎʋ − 𝐸𝑔)                                                     (V.2)  

Where A is the absorbance, d is the film thickness; T is the transmission spectra of 

thin films; α is the absorption coefficient values; C is a constant, hʋ is the photon 

energy and Eg the band gap energy of the semiconductor. 
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One can estimate the optical gap (Eg) starting from the extrapolation of the 

curve which presents the evolution of (Aℎʋ)
2
 as a function of hʋ. The intersection 

of the linear region on the hʋ axis gives the Eg. As shown in Figure (V.3), using 

this method the band gap values of the thin films are located around 3.3 eV which 

is in good agreement with the Eg value of bulk ZnO (3.23 - 3.37 eV) [15]. 

From these curves, we have obtained the various Eg values which are represented in 

Table (V.2) and plotted as a function of   doping in the Figure (V.3). 

The decrease in the value of the optical band gap of the ZnO film to 3.3 eV may be 

attributed to the improvement in the crystalline quality of the films as well as to the 

increase in the grain size [16]. 

 

Table (V-2): Optical gap values of Ni doped ZnO. 

Eg (eV) X 

3.35 1 

3.33 0.98 

3.29 0.96 

3.28 0.92 

3.25 0.88 
 

 

. 
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Figure (V.3): The variation of (Ahν)
2
 as a function of hν for each  Ni doped ZnO thin films. 
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V-2-3-The Disorder (Urbach energy) 

The same thing as the optical gap, the Urbach energy (Eu) is related to the disorder in the 

film network, as it is expressed follow [17]: 

𝐴 = 𝐴0 exp (
ℎʋ

𝐸𝑢
)                                                         (V.3) 

 

Where𝐴0 constant hʋis the photon energy and Euis the Urbach energy, is presented in 

Table (V.3). The Figure (V.4) shows the drawn of LnA as a function of photon energy 

hʋfor deduce the Urbach energy. We have obtained these curves for each different doping 

level. 

Through the curves, we observe a decrease in the Urbach energy (Eu) upon increasing the 

value of x which corresponds to a decrease in the ratio of Ni to the lowest value of   

Eu=65meV. While the percentage of Ni decrease, the value of E is decreasing also, this is 

consistent with previous studies [18]. 

 

Table (V-3): Disorder’s (Urbach energy) values of Ni doped ZnO. 

Eu (meV) X 

65 1 

132 0.98 

135 0.96 

171 0.92 

230 0.88 
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Figure (V.4): Variations of LnA as a function of hv of Ni doped ZnO thin films. 
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Figure(V.5): The variations of optical pand gap energy and Urbach energy of Zn doped 

NiO thin films at various doping levels. 

 

We observe that the optical gap (Eg) exhibit a decrease which can be attributed to the 

growth of crystallite size which is resulted from the lower of the amount of Ni. The Urbach 

energy decreases with the lower of the amount of Ni. The Urbach energy, corresponding 

with the tail width of the localized states within the optical band gap, thus it changes 

inversely with the optical band gap [19]. 

 

V-3-Ni doping effect on Structural properties of ZnO thin films: 

The crystal structure of pure and Ni doped ZnO was analyzed by X-Ray Diffraction 

(XRD) method. The XRD patterns of the Nickel-doped and pure ZnO thin flms obtained 

were shown in Figure (V.6). Several reflection peaks such as (100),(002), (101) and (110) 

were found in NZO thin flms. For all thin films, XRD results (Ref. JCPDS-Card No.36-
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1451) showed that it was hexagonal quartzite structure with have a preferential c-axis 

orientation [20, 21, 22, 23]. It is understood from Figure (V.6) that the planes are located at 

their 2θ are showed in the Table(V.4). Figure (V.6) shows that the Ni doping level plays 

animportant role in improving the crystallinity of ZnO thin flms. 

 

Figure (V-6): X-ray diffraction of Ni1-xZnxO thin films as a function of Ni doping level 

 

Table (V- 4-a):The structural parameters of Ni doped ZnO thin film of (100) diffraction 

peak 

x 2θ(°) β1/2 (°) G(nm) δ (m
-2

) 

1 31,8335 0,0787 105,0173 9,0673*10
13

 

0.98 31,9218 0,3149 26,25177 1,45*10
15

 

0.96 31,8793 0,2362 34,99495 8,17*10
14

 

0.92 31,9175 0,3149 26,25149 1,45*10
15
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0.88 31,8084 0,4723 17,49809 3,27*10
15

 

Table (V- 4-b):The structural parameters of Ni doped ZnO thin film of (002) diffraction 

peak. 

x 2θ(°) β1/2 (°) G(nm) δ (m
-2

) 

1 34,5124 0,0787 105,7504 8,94202*10
13

 

0.98 34,5978 0,2755 30,21592 1,1*10
15

 

0.96 34,5638 0,1378 60,40433 2,74*10
14

 

0.92 34,566 0,1378 60,40469 2,74*10
14

 

0.88 34,5541 0,3936 21,1471 2,24*10
15

 

 

Table (V- 4-c):The structural parameters of Ni doped ZnO thin film of (101) diffraction 

peak. 

x 2θ(°) β1/2 (°) G(nm) δ (m
-2

) 

1 36,2927 0,2362 35,41019 7,97524*10
14

 

0.98 36,3865 0,4723 17,71359 3,19*10
15

 

0.96 36,343 0,4723 17,71139 3,19*10
15

 

0.92 36,3335 0,3936 21,25219 2,21*10
15

 

0.88 36,2546 0,6298 13,27878 5,67*10
15

 

 

Table (V- 4-d):The structural parameters of Ni doped ZnO thin film of (110) diffraction 

peak. 

x 2θ(°) β1/2 (°) G(nm) δ (m
-2

) 

1 56,8056 0,4723 19,12937 2,73274*10
15

 

0.98 56,7736 0,4723 19,12648 2,73*10
15

 

0.96 56,7303 0,6298 14,34042 4,86*10
15

 

0.92 56,7829 0,551 16,39534 3,72*10
15

 

0.88 56,7429 0,6298 14,34127 4,86*10
15

 

 

Crystal defects and stresses are thought to cause significant change in crystal 

structure. In the XRD spectra, the broadening, narrowing or more intensity of the peaks 

can be attributed to the crystal structure defects formed by the addition of Ni atoms. The 

intensity of the diffraction peaks of ZnO decreases greatly with the increase in Ni 

concentration indicates the reduction in crystallinity by lattice distortion.  

Bragg’s law is used to determine the inter planar distance (d) and this law is given as 

follows [24]  
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2𝑑ℎ𝑘𝑙 sin 𝜃 = 𝑛𝜆                                                       (V.4) 

n is an integer (n = 1) and θ corresponds to the half-diffraction angle. dhkl is the distance 

between adjacent planes. Tables(V.4) data is in good agreement with standard data (JCPDS 

No. 36-1451).he average crystallite size (G) was calculated using the Debye-Scherrer 

equation [25] 

G=
0.9𝜆

𝛽 𝑐𝑜𝑠 𝛳
                                                                         (V.5) 

Where  G is the crystallite size, λ is the wavelength of X-ray (λ = 1.5406 A°). In addition, 

𝜃  is the Bragg angle, and β is the full width of the half-maximum (FWHM) of the 

diffraction peak determined for these angles [26]. There is a difference between the two 

values G for Ni doped ZnO and ZnO pure. In addition, the lattice constant (c) of the thin 

flms was calculated from the XRD data presented in Tables (V.4 and V.5) using the 

following equation [27]. 

1

𝑑ℎ𝑘𝑙
2 =

4

3

ℎ2+𝑘2+ℎ𝑘

𝑎2
+

𝑙2

𝑐2  
                                                            (V.6) 

Table (V- 5):The structural parameters of Ni1-xZnxO thin film of (002) diffraction peak.  

C (nm) εzz  (%) G (nm) 2θ(°) X 

0,519597 -0,19269 105,7504 34,5124 1 

0,518353 -0,43156 30,21592 34,5978 0.98 

0,518848 -0,3366 60,40433 34,5638 0.96 

0,518816 -0,34275 60,40469 34,566 0.92 

0,518989 -0,30948 21,1471 34,5541 0.88 

 

The calculated value of the lattice constant (c) for the pure ZnO thin flm is 0.519597nm 

and depending on the increased Ni doping rate, these values are 0.518989 nm, 0.518848nm 

and 0.518816nm for Ni1-xZnxOflms. These values calculated for thin flms are well agree 

with standard data (JCPDS No.36-1451, c0 =0.5206 nm). The dopant Ni ions are well 

allied into ZnO crystal lattice, without altering its overall crystal structure [28]. 

The strain ε values in our films were estimated from the observed shift, in the 

diffraction peak between their positions in the XRD spectra via the formula [29]: 
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𝜀𝑧𝑧 =
𝑐−𝑐0

𝑐0
∗ 100                                                   (V.7) 

Where ε is the mean strain in ZnO thin films Table (V- 4), c the lattice constant of ZnO 

thin films and c0 the lattice constant of bulk (standard c0=0,5206 nm). Figure (V.7) shows 

the variation of the crystallite size and mean strain of (0 0 2) diffraction peak as a function 

of doping level x. 

 

Figure (V.7): G and εzzof (0 0 2) diffraction peak as a function of doping level x. 

 

It can be seen from Figure (V.7) that the sizes of the crystals increase with increasing 

the level of doping, then decrease and then increase. Increases in crystal size can be 

explained by improving film crystallization. Moreover, the decreases of the crystallite size, 

this confirms the deterioration in the crystallinity of the films.  The mean strain decreases 

from 0.43 to 0.19%. Swapnaet al [30]. This result in reduction of mean strain with increase 

in crystallite size indicates enhancement of crystallinity [31], or by decrease of the defects 
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in the films.However, the crystallite size of (002) crystal plan is the highest one with 

comparing by other plans (see Figure V.8) 

 

Figure(V-8): the variations of crystallite sizes G as a function of doping level x of Ni 

doped ZnO thin films for (100) (002) (101)  and (110) crystal plans 

 

V-4- Conclusion: 

Nanoporous Ni doped ZnO is prepared in the configuration Ni1-xZnxO (x=0.88, 0.92, 0.96, 

0.98 and 1).Were successfully deposited on glass substrate by Spray technique using 

Nickel acetates and Zinc acetates. The crystal structure and optical properties of Ni1-xZnxO 

are determined from XRD and Ultraviolet – visible spectroscopy respectively. XRD 

patterns of the Zn-doped Nickel Oxide thin films indicate that all films are polycrystalline 

with hexagonal crystal structure. The main characteristic peaks are assigned to the (100) 
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(002) (101)  and (110) planes. At low doping level of Ni, the crystal structure remains 

identical to ZnO meanwhile some structural imperfection is observed on increasing the 

doping concentration. Based on the obtained results, Ni1-xZnxO is a suitable candidate for 

Diluted Magnetic Semiconductors for spintronic applications. 
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GENERAL CONCLUSION 

Nickel oxide NiO is a semiconductor material p-type that is a part of this family of 

TCO; it has applied for gas sensors because of its wide band gap (3.6-4.0 eV). NiO can be 

used in various potential applications such as solar cells due to the p-type semiconducting, 

transparent diodes, transparent transistors, displays and defrosting windows because their 

transparency can be used for the UV photodetectors and touch screens due to the good 

responsively. NiO is one of the most important oxide materials due to its excellent 

chemical stability, durability, low toxicity, large span optical density, low cost, good 

thermal stability and high stability that are similar to ZnO. 

The NiO thin films were prepared by spray pyrolysis method on glass substrate at 

450 °C with various deposition rates. The structural, optical and electrical properties of 

nanostructures NiO thin films were investigated by study the influence of deposition rate 

on glass substrate. NiO thin films were observed a nanocrystalline a cubic structure with a 

strong (111) preferred orientation, it is only phase was observed in all deposited films. The 

minimum value of crystallite size (15.8 nm) was measured of deposited film with 60 ml. 

The average transmittance is about 70 % was observed in all NiO thin films. The NiO thin 

films have a verity in the band gap energy from 3.34 to 3.51 eV because the effect of 

deposition, the minimum value was found at 80 ml, this condition have a lowest Urbach 

energy. The NiO thin film elaborated with 80 ml has a minimum electrical resistivity was 

0.152 (Ω.cm). The NiO thin films sprayed with 60 and 80 ml have good structural, optical 

and electrical properties.  

In this study, we have prepared Zn doped NiO thin films, where Zn = 0, 0.02, 0.04, 

0.08 and 0.12. XRD patterns of the Zn-doped Nickel Oxide thin films indicate that all films 

are polycrystalline with cubic face centered crystal structure. The main characteristic peaks 

are assigned to the (111), (200) planes. The undoped NiO thin film has highest grain size. 

The transmittance of Zn-doped Nickel Oxide thin films increases rapidly as the wavelength 

increases in the range of (300-400) nm, and then increases slowly at higher wavelengths. 

The band gap decreases as the Zn-concentration increases and the band gap values range 

between 3.61-3.72 eV .The Urbach energy values range between 246-290 meV. 

Nanocrystallite Ni doped ZnO is prepared in the configuration Ni1-xZnxO (x=0.88, 0.92, 

0.96, 0.98 and 1).Were successfully deposited on glass substrate by Spray technique using 
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Nickel acetates and Zinc acetates. The crystal structureand optical properties of               

Ni1-xZnxO are determined from XRD and Ultraviolet – visible spectroscoupy respectively. 

XRD patterns of the Zn-doped Nickel Oxide thin films indicate that all films are 

polycrystalline with hexagonal crystal structure. The main characteristic peaks are assigned 

to the (100) (002) (101)  and (110) planes.At low doping level of Ni, the crystal structure 

remains identical to ZnO meanwhile some structural imperfection is observed on 

increasing the doping concentration. Based on the obtained results, Ni1-xZnxO is a suitable 

candidate for Diluted Magnetic Semiconductors for spintronic applications. 
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Abstract: 

In this work, nickel oxide was elaborated on glass substrate at 450 °C by spray pyrolysis 

technique. The NiO layers were obtained with 0.05M molarity, which were deposited by 

various deposition rates 20, 40, 60 and 80 ml. The effects of deposition rate on the 

structural, electrical and optical properties were examined. NiO thin films were observed a 

nanocrystalline a cubic structure with a strong (111) preferred orientation, it is only phase 

was observed in all deposited NiO. The film elaborated with 60 ml have a minimum value 

of crystallite size was 15.8 nm. All NiO thin films have an average transmittance is about 

70 % in the visible region. The NiO thin films have a verity in the band gap energy from 

3.34 to 3.51 eV because the effect of deposition, the minimum value was found at 80 ml, 

this condition have a lowest Urbach energy. The NiO thin films have an electrical 

resistivity was decreased from 0.625 to 0.152 (Ω.cm) with increasing the deposition rate 

from 20 to 80ml. The best results of NiO thin films are obtained in the deposition NiO 

films by 40 and 80 ml.Zn doped NiO is prepared in the configuration Ni1-xZnxO  (x = 0, 

0.02, 0.04, 0.08 and 0.12) using Spray technique. XRD investigation confirms the presence 

of cubic structure of ZnO in all the prepared samples. At low doping level of Zn, the 

crystal structure remains identical to NiO meanwhile some structural imperfection is 

observed on increasing the doping concentration.  Ni doped ZnO is prepared in the 

configuration Ni1-xZnxO (x = 0.88, 0.92, 0.96, 0.98 and 1) using Spray technique. XRD 

investigation confirms the presence of wurtzite hexagonal structure of ZnO in all the 

prepared samples. At low doping level of Ni, the crystal structure remains identical to ZnO 

meanwhile some structural imperfection is observed on increasing the doping 

concentration. Ni1-xZnxO is a suitable candidate for Diluted Magnetic Semiconductors for 

spintronic applications 
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 :الملخص

دد ييي  ية عييي    لنيييا  تالر ييي  ل   ييي    450تيييي اعيييسلد النييي س ل ر يييي  اجيييع دل ييي        ييي  اريييس   فيييذ  يييمل ل   ييي 

، ول ايييذ د ييي   0.05mol/l  نيييامسلر تيل ييي  يييي  ذ  يييسد  NiOل  ييييلدا  ييي  يال تيييي ل  بييي   اجيييع   الييي   

ل تييييييي ددلنيييييي  تييييييأل ي ي ييييييس  ل اينيييييي   اجييييييع ل مبيييييي    ل ايل   يييييي  ml80و  60، 20،40  أحجيييييي ر يماج يييييي 

ل بييييوي تو لتجيييي    ذياريييي  ل ي  اليييي  ا يييي د  ايييي    ييييي  يي يييي   NiOول يهي    يييي  ول  بيييييع ل  يييي ح  ا  ا  يييي   

ل  اينييي  ل ل ا الييي  ل  ا بييي  اج هييي  يييي   NiO(، و يييس  ييي ح   ييي د فاليييق فيييذ    ييي    الييي   111ي ضييي   ييي ا  

 NiOل تا اييييي     ييييي  ا  ييييي   15.8nmيييييي  ل   جييييي   اااييييي     ييييي  د  ييييي    جيييييي ل  جييييي دل   يييييسد    60mlدا 

تاو يييي فجييي      اهييي  يييي  NiO ل  ي يييذل لي  يي   ل ي  الييي   فيييذ ل  جييي   %70   تعييي  ت جيييي حييي ل ذ ل ي  اليي    ا نيييق 

   ل    يي   هيي  ا يي     يي ، و ييم80mlل اينيي  ، تييي ل  عيي د اجييع ل ال  يي  ل ييس    ارييس حنيي  تييأل ي 3.51eVا ييع  34ل3

ييييي   عيييي د    Ω.cm)O.152  ا ييييع 625ل0ييييي   NiOل تييييي تالج يييي  ل  ال وييييي  ل يهي    يييي      يييي   ل ي  اليييي  اعي يييي  

ل ي  الييي  فيييذ تينييي   افييي ر  NiOل عييياي ل  بييي   اجيييع افضييي  ل راييي    ي  ييي   80mlا يييع  20ي يييس  ل اينييي   يييي  

NiO  80و 40اريييسmlعييياي ت ضييي ي  ل NiO  ل رييي   ا فيييذ ل ايييي ع ل  ميييسد      ييي Ni1-xZnxO   ح ييي(X=0, 

فييذ ZnO  و يي د   ييي  يي يي  ييي  XRD عؤلييس ف يي  .  نييامسلر تالر يي  ل يييا(0.12 ,0.08 ,0.04 ,0.02

وفييذ   NiOارييس ينييا م ل  ر ييا   ل  ييرم ،  ج  يي  ، ع يي  ل ايل يي  ل  جيي دا يا  ال يي   جيي     يي  ل   ريي   ل   ييس 

ل  ميييسد    ر يييي  ZnO عييياي ت ضييي ي  . عييي د  تيل ييي  ل  ر يييا  ل   ييي    نييي   ييي ح    ييي، ل يييرال  ل ه يجيييذ اريييس 

عؤليييس  .  نيييامسلر تالر ييي  ل يييا (X=0.88, 0.92, 0.96, 0.98, 1)ح يي   Ni1-xZnxO ل ريي   ا فيييذ ل ايييي ع 

س ينييا م ل  ر ييا   ل  يييرم ، اريي فييذ    يي  ل   رييي   ل   ييس  ZnO ييي  و ييي د  ر يي  نسلنيي   XRD ف يي 

وفييذ ل   يي    نيي   يي ح    يي، ل ييرال  ل ه يجييذ ارييس  عيي د  تيل يي  ZnO   يي  ، ت يي  ل  ر يي  ل  ج دعيي  يا  اليي  جر ييي 

 يي ييييييب ير نيييييي  ي يييييي    ل   ميييييي   ل  ور   نيييييي   ل  م  يييييي   اا  اليييييي   Ni1-xZnxOع ا ييييييي  .ل  ر ييييييا  

.spintronic 

 

 

 الكلمات المفتاحية:

 لالن س ل ر ي  ؛ الن س ل    ؛ لي     ل ي  ال ؛ ل    ف   ؛  يعال  ل يا ل      ل  يلدا 
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