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The effect of Ni doping on structural, optical and electrical properties of deposited          
Zn1-xNixO thin films on glass substrate by spray pyrolysis technique has been studied. The 
main objective of this research is to study the change of the physical and optical properties 
of Zn1-xNixO thin films that are fabricant to semiconductor with different doping levels x. 
These levels are 0 at.%, 2 at.%, 4 at.%, 8 at.% and 12 at.%. The transmission spectra show 
that the Zn1-xNixO thin films have a good optical transparency in the visible region from 88 
to 95%. The optical gap energy of the Zn1-xNixO thin films varied between 3.25 and 3.35 
eV. The urbach energy varied between 65 and 230 meV. However, the Zn0.88Ni0.12O thin 
films have many defects with maximum value of urbach energy. The Zn0.88Ni0.12O thin 
films have minimum value of optical gap energy. The Zn0.88Ni0.12O thin films have 
maximum value of the electrical conductivity which is 9.40 (Ω.cm)-1. The average 
electrical conductivity of our films is about (7.52 (Ω.cm)-1). XRD patterns of the Zn1-

xNixO thin films indicate that films are polycrystalline with hexagonal wurtzite structure. 
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1. Introduction 
  
Researchers have given too much importance to transparent conductive oxides (TCOs) 

recently as they play a significant role in many different application areas such as ultraviolet 
lightemitting diodes (UV-LEDs) [1], transparent field-effect transistor (FETs), spintronic devices, 
photovoltaic solar cells (PVSC) [2], piezo- electric sensors [3], transparent electrodes [4] and 
optoelectronic components [5–7]. ZnO is a transparent semiconductor with wide band gap of 3.37 
eV and large exciton binding energy of 60 meV [8–10]. TCO films, such as ZnO, are widely used 
as electrode layers in thin film solar cells, as they have a high degree of transparency in the visible 
wavelength range and high conductivity. Indium tin oxide (ITO) is an important TCO material that 
is greatly used today. However, it is possible that this material is somehow expensive and they 
may not keep it as an alternative product in the future. ITO may fail to respond to existing 
technology with production at a limited level. The product has high toxicity. So, the research for 
alternative results is needed. ZnO is regarded as an alternative to ITO due to its environmentally 
friendly and excellent optical and electrical properties. These properties of ZnO can be further 
improved by ion addition. In a study by Peng et al. [11] they found that pure ZnO thin films 
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enhanced optical and electrical properties with indium doping at different ratios. With 0.5 at.% 
indium doping, the highest efficiency was achieved in terms of these properties. In another study, 
Madhi et al. [12] examined the optical and electrical properties of calcium-doped ZnO thin films 
and found that the transmittance of ZnO: Ca films was above 80% and the lowest electrical 
resistivity was about (5.10−3 Ω.cm) [13]. Sung et al. [14], studied Zr doped ZnO thin films grown 
on quartz substrates by RF sputtering technique and investigated the effect of Zr doping on the 
optical properties of ZnO. It was found that the optical transparency of the thin films was above 
90%, but the optical band gap of the Zr doped ZNO (ZZO) thin films increased with Zr addition.  

Different techniques such as magnetron sputtering [15], chemical vapor deposition (CVD) 
[16], pulsed laser deposition (PLD) [17] and sol gel processes [18] have been used to get ZnO thin 
films [19, 20]. Spray pyrolysis method is one of these techniques. It has different potential 
advantages than other techniques because of its lower crystallization temperature, low cost, simple 
deposition procedure, easier compositional control, and large surface area coating capability [21]. 

In this work, we have prepared Ni doped ZnO thin films by using the spray pyrolysis 
technique deposition on glass substrate which its temperature is 450 °C. We sprayed this glass 
substrate for 7 minutes. Ni doped ZnO thin films were synthesized with different doping levels (0, 
2, 4, 8 and 12 at. %) for Zn1-xNixO. The Zn1-xNixO thin films were used to enhance the optical and 
electrical properties of deposited thin films. However, we have studied the change of the optical, 
structural and electrical properties of Zn1-xNixO thin films that are fabricant to semiconductor. 

 
 
2. Experimental procedure 
 
Zn1-xNixO solutions were prepared by dissolving the zinc acetate (Zn(CH3.CO2)2.2H2O) 

and nickel acetate (Ni(CH3.CO2)2.4H2O) with 0.5 mol l-1. In this work, we have used a Ni doping 
with different concentrations in the game Ni/Zn = 0, 2, 4, 8 and 12 at. % or (x = 0, 0.02, 0.04, 0.08 
and 0.12). Then we have added a drop of HCl for the sake of stabilizing heating solution. We 
agitated and heated the mixture solution at 50 °C for 3 h to prepare a clear and transparent 
solution. After 24 h, we sprayed the glass substrate. 

 The Zn1-xNixO samples were prepared by spraying the solution onto glass 
substrate where its temperature was 450 °C. It took 7 minutes to obtain a thin film. The Zn1-xNixO 
thin films were prepared at different Ni doping levels which are 0 at.%, 2 at.%, 4 at.%, 8 at.% and 
12 at.%. After the deposition of the thin films, we let the substrate so that its temperature would 
decrease and be similar to the one of the room. 

 The structural properties of Ni1-xZnxO thin films were studied by means of X-ray 
diffraction (XRD Bruker AXS-8D) with CuKa radiation (λ=0.15406 nm) in the scanning range of 
(1h) which was between 20° and 70°. The optical transmission of the deposited films was 
measured in the range of (300–900nm) by using an ultraviolet-visible spectrophotometer 
(LAMBDA 25) and the electrical conductivityσ was measured by four point methods. 

 
 
3. Results and discussion 
 
3.1. Structural properties of Zn1-xNixO thin films 
The crystal structure of the pure ZnO and Ni doped ZnO was analyzed by X-Ray 

Diffraction (XRD) method. The obtained XRD patterns of the pure ZnO and Nickel doped ZnO 
thin films were shown in Figure 1. Figure 1 shows that the XRD peaks at 31.8721°, 34.5588°, 
36.3220° and 56.7670° corresponding to (100), (002), (101), and (110) crystal planes, respectively. 
For all thin films, XRD results (Ref. JCPDS-Card No. 36-1451) showed that it was hexagonal 
wurtzite structure which has a preferential c-axis orientation [11, 12, 22, 23]. Figure 1 shows that 
the Ni doping level has a critical role in improving the crystallinity of ZnO thin films. It can be 
said that the crystallinity of Zn1-xNixO films with 0.12 at.% Ni is better than that of other films. A 
similar result was found by Gupta et al. [24, 25], for indium-doped ZnO where thin films prepared 
by the PLD technique. Gupta et al. also noted that much higher indium doping destroyed the 
crystallinity of ZnO thin films. As a result, the rate of Ni doping has played a vital role in the 
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crystallization of ZnO thin films. Also we see the decrease of intensity of the (002) peak with the 
increase of the doping level x at 0.12. As it can be seen in Table 1, the position of (002) peak shifts 
slightly to lower angle. In our study, Ni atoms added to pure ZnO lattice structure create crystal 
stress or defect within the structure. 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 estimated to the crystal structure defects formed by the addition of Ni atoms (see 
Table 1). 

The stress εzz, was estimated using the following formula [26]. 
 

𝜀𝜀𝑧𝑧𝑧𝑧 =
𝑐𝑐 − 𝑐𝑐0
𝑐𝑐0

∗ 100                                                                            (1) 

 
The lattice constant c of ZnO thin films and c0 the lattice constant of bulk (standard 

c0=0,5206nm). 
The average crystallite size G for the (002) plane of thin films was calculated using the 

Debye–Scherrer equation [27]. 
 

𝐺𝐺 =
0.9𝜆𝜆

𝛽𝛽 𝑐𝑐𝑐𝑐𝑐𝑐 𝛳𝛳
                                                                                (2) 

 

whereG is the crystallite size, βis the full width at half-maximum (FWHM), θis Bragg angle of the 
diffraction peaks and λis the X-ray wavelength (λ=0.15406 nm). The variations are shown in Table 
1. In Table 1, we observed the decrease of G from 30.21592 to 21.1471nm with the increase of 
doping level x from x=0.02 to x=0.12, while it was 105.7504nm for the pure ZnO thin film. 

 Secondly, the dislocation density (δhkl), which measures the amount of defects in a crystal, 
is defined by the length of dislocation lines per unit volume. We used the following formula in 
order to determine it [28, 29]. 

 
𝛿𝛿hkl =

1
𝐺𝐺2

                                                                                (3) 

 
In Table 1, also we observed that the Zn0.88Ni0.12O thin films have maximum value of the 

dislocation density (δhkl). 
We used Bragg’s law so that we can determine the interplanar distance d and this law is 

given as follows [30]. 
 

𝑛𝑛𝜆𝜆 = 2𝑑𝑑 sin𝜃𝜃                                                                                 (4) 
 
where n is an integer (n = 1) and θ corresponds to the half-diffraction angle. The distance d of each 
film for (002) plane is given in Table 1. Table 1 data is in good agreement with standard data 
(JCPDS No. 36-1451). 

In addition, the lattice constant (c) of the thin films was calculated from the XRD data 
presented in Table 1 using the following equation [31]. 

 
1

dhkl2 =
4
3

h2 + k2 + hk
a2

+
l2

c2                                                                    (5) 

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

Depending on the increase of Ni doping rate, the value reached 0.518989 nm at doping level 
x=0.12. These calculated values for thin films agree well with standard data (JCPDS No. 36-1451, 
c0 = 0.5206 nm). 

The variations of the crystallite size and diffraction angle according to (002) peak are 
presented in Figure 2. It shows the variation of crystallite size and diffraction angle of Zn doped 
NiO thin films as a function of Zn doping level. Figure 2 shows that the diffraction angles of (002) 
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plan increased then decreased with the increase of doping levels x to reach the minimum value 
which was obtained at x=0.12 for Zn0.88Ni0.12O thin films (see Table 1). We observed the decrease 
of the crystallite size of (002) plan to minimum value at x=0.12. The decrease of the crystallite 
size proves the enhancement of the crystallinity of Ni doped ZnO thin films. it can be said that 
This result explain the coalescence of the crystallite of the thin films to improve with oxygen 
diffusion [32]. 

 

 
 

Fig. 1. X-ray diffraction of Zn1-xNixO thin films as a function of Ni doping level. 
 
 

Table 1. The structural parameters of Zn1-xNixO thin film as a function of Zn doping level of (002)  
diffraction peak. 

 
C (nm) δ (m-2) εzz (%) β1/2 (°) G (nm) d (nm) 2θ(°) X 

0,519597 8,94202*1013 -0.19269 0,0787 105,7504 0,259798 34,5124 0 
0,518353 1,1*1015 -0.43156 0,2755 30,21592 0,259177 34,5978 0.02 
0,518848 2,74*1014 -0.3366 0,1378 60,40433 0,259424 34,5638 0.04 
0,518816 2,74*1014 -0.34275 0,1378 60,40469 0,259408 34,566 0.08 
0,518989 2,24*1015 -0.30948 0,3936 21,1471 0,259494 34,5541 0.12 

 
 

 
 

Fig. 2. The variation of crystallite size and diffraction angle of Ni doped ZnO thin films according  
to(002) phase  
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3.2. Optical properties of Zn1-xNixO thin films 
The Optical characterizations of fabricated Zn1-xNixO thin films by doping levels x  were 

performed by measuring the transmittance and absorbance in the wavelength region 300 to 900 nm 
as it is shown in Figure 3. As we can see, the value of the average transmission of spray Zn1-xNixO 
thin films is about 92% in the visible region. But for these doping levels x, the region of the 
absorption edge was located between 361 and 379 nm in comparison with others which are found 
at 355 and 370 nm [33]. It is related region between of the valence band and the conduction band. 
The inset of Figure 3 presents the variation of absorbance data of thin films of Zn1-xNixO. The 
absorption edge shifts was observed clearly at wavelength shorter than 390nm. The absorption 
edge shifts of Zn1-xNixO thin films increased with the increase of doping levels x. As we can note, 
the optical property of thin films of Zn1-xNixO is affected by doping levels x. 

The role of doping levels x on the transmission of thin films of Zn1-xNixO was clearly 
observed on the thin films quality due to the higher transparency. The high transparency was 
obtained in Ni doped ZnO thin film with at 2% due to the interstitial site of Zn and Ni. That 
absorbance and the optical band gap energy Eg of fabricated Zn1-xNixO thin films were determined 
by the following relations [34– 35]: 

 
𝐴𝐴 =  𝛼𝛼𝑑𝑑 = − ln𝑇𝑇                                                                                (6) 

 
(𝐴𝐴ℎʋ)2 = 𝐶𝐶�ℎʋ − 𝐸𝐸𝑔𝑔�                                                                                (7) 

 
where A is the absorbance of fabricated Zn1-xNixO thin films, α is the absorption coefficient, d is 
the film thickness, T is the transmission of fabricated Zn1-xNixO thin films, C is a constant, hυ is 
the energy of photon ( hυ = 1240

𝜆𝜆( nm )
( eV )) and Eg is the band gap energy of the semiconductor. 

However, the disorder or Urbach energy ( Eu ) also was determined by the expression follow [36– 
37]: 
 

𝐴𝐴 = 𝐴𝐴0  exp �
ℎʋ
𝐸𝐸𝑢𝑢
�                                                                                 (8) 

 
where A0 is a constant, hυ is the energy of photon and Eu is the Urach energy, the tail width of the 
Urbach energy was used to characterize the order of the defects. The variation of optical band gap 
energy and Urbach energy of fabricated Zn1-xNixO thin films as a function of doping levels x are 
presented in the Figure 4. The band gap energy was observed a smaller than 3.36 eV. The value of 
band gap energy decreased with the increase in doping levels from 3.35 to 3.25 eV. The 
diminution in the optical band gap energy value of Zn1-xNixO thin films can be illustrated by the 
effect of quantum confinement due to the diminution in the crystallite size of fabricated Zn1-xNixO 
thin films (see Figure 2).  
 

 
 

Fig. 3. Transmission spectra of Zn1-xNixO thin films as a function of Ni doping level. 
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As can be seen in Figure 4 that the value of Urbach energy increased with the increase in 
doping levels from 65 to 230 meV. Also, this can be related by the diminution of the crystallite 
size value (see Figure 2). 

 

 
 

Fig. 4. The variations of optical pand gap energy and Urbach energy of Ni doped ZnO thin films  
at various doping levels 

 
 
3.3. Electrical properties of Zn1-xNixO thin films 
The four-points probe method was used to determine the electrical conductivity of        

Zn1-xNixO thin films, it is based on measuring the sheet resistance of the films as expressed by: 
 

𝑅𝑅𝑠𝑠ℎ =
𝜋𝜋

ln(2) .
𝑉𝑉
𝐼𝐼

                                                                                (9) 

 
where I is the applied currant = 1 nA and V is the measurement voltage. However, the electrical 
conductivity σalso is determined by the following equation: 
 

𝜎𝜎 =
1

𝑑𝑑.𝑅𝑅𝑠𝑠ℎ
                                                                                (10) 

 
Figure 5 shows the variation of the electrical conductivity of Ni doped ZnO thin films as a 

function of Ni doping level. As can be seen, the electrical conductivity increases with increasing 
the Zn doping level up to 12 at.% where we obtained a maximum conductivity value which was 
9.40(Ω.cm)-1. The increase in the conductivity of the Ni1-xZnxO thin films can be explained by the 
displacement of the electrons. The latter comes from the Ni+2 donor ions in the substitutional sites 
of Zn+2 and the formation of the molecular ZnNiO existed on the surface. The Figures (2, 4 and 5) 
showed the decrease in the crystallite size, the decrease in optical gab energy, the increase in 
urbach energy and the increase in electrical conductivity. These results explain the good 
crystallization of the thin films according to [38– 39– 40– 41]. 
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Fig. 5. The electrical conductivity variation of Zn1-xNixO thin films as a function of Ni doping level. 
 
 
4. Conclusion 
 
In this study, Nickel doped Zinc Oxide thin films (Ni/Zn = 0, 2, 4, 8 and 12 at.%) were 

successfully deposited on glass substrate by spray pyrolysis technique using Nickel acetate and 
Zinc acetate. The Zn1-xNixOthin films are transparent in the visible region. The variation of the 
optical gap energy is between 3.25 and 3.35 eV. The variation of the Urbach energy is between 65 
and 230 meV. However, the Zn0.88Ni0.12Othin films have many defects with maximum value of 
urbach energy.  

The Zn0.88Ni0.12Othin films have minimum value of optical gap energy. Also, the 
Zn0.88Ni0.12Othin films have maximum value of the electrical conductivity and have minimum 
value of the crystallite size which is 21.1471nm. XRD patterns of the Zn1-xNixOthin films indicate 
that films are polycrystalline with hexagonal wurtzite structure. The electrical conductivity of 
deposited films is in the order of 7.52(Ω.cm)-1. The Figures (2, 4 and 5) shows the decrease in the 
crystallite size, the decrease in optical gab energy, the increase in urbach energy and the increase 
in electrical conductivity. These results explain the good crystallization of the thin films. 
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