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Abstract: 

      undoped NiO and NiO: Cd films were deposited by chemical spray 

pyrolysis (CSP). The color of NiO thin films were black-grey which is 

related to the nonstoichiometry of the deposited material. The crystal 

structure of the NiO thin films were cubic face centered and polycrystalline 

as specified by XRD patterns. The XRD peaks along (111), (200) and (220) 

planes showed highest intensity correspond to the preferred orientation (111) 

for NiO films at 3% Cadmium. The variation of grain sizes is found to be 

between 75.85 and 62.09 nm, whereas the strain increased from 27.30 to 

30.19. NiO thin films is found to be smooth and homogenous by using 

atomic force microscopy (AFM). UV-Visible spectrophotometer is used to 

study the spectral transmittance of the films for wavelengths between 300 to 

900 nm. Increasing doping concentration of Cadmium lead to decrease in the 

transmittance values. However, increasing Cd concentration cause increasing 

the absorption coefficient values. Furthermore, increasing the band gap from 

3.60 to 3.69eV is related to increasing Cadmium doping ratio. Whereas, the 

extinction coefficient and refractive index decreased when Cadmium doping 

ratio is increased. 
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 بعض الخصائص الفيسيائيت ححسن النيكل

 أغشيت أكسيذ رقيقت مع منشطاث الكادميىم
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 .وزارة الخربيت / المذيريت العامت للخربيت في محافظت بغذاد / الرصافت الثانيت العراق

 

 :الملخص

  NiO ٔ NiO ش غٍش انًغسٕنح: ذشسثد أغشٍح انكاديٍٕو عٍ طشٌك الاَحلال انحشاسي تانش

سيادي ْٕٔ يشذثظ تمٍاط عذو انركافؤ نهًادج -انشلٍمح أسٕد NiO كاٌ نٌٕ أغشٍح .(CSP) انكًٍٍائً

انشلٍمح يرًشكضًا عهى ٔجّ يكعة ٔيرعذد انثهٕساخ  NiO انًرشسثح. كاٌ انرشكٍة انثهٕسي لأغشٍح

( 002( ٔ )022( ٔ )111عهى طٕل ) XRD أظٓشخ لًى .XRD كًا ْٕ يحذد تٕاسطح أًَاط
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7 كاديٍٕو. ذى انعثٕس عهى ذثاٌٍ  3تُسثح  NiO ( لأفلاو111كثافح ذرٕافك يع الاذجاِ انًفضم ) أعهى

. ذى انعثٕس 32.16إنى  05.32َإَيرش ، تًٍُا صاد انضغظ يٍ  90.26ٔ  57.57أحجاو انحثٕب تٍٍ 

ذو ٌسرخ .(AFM) انشلٍمح نركٌٕ َاعًح ٔيرجاَسح تاسرخذاو يجٓش انمٕج انزسٌح NiO عهى أغشٍح

يمٍاط انطٍف انضٕئً انًشئً فٕق انثُفسجً نذساسح انُفارٌح انطٍفٍح نلأغشٍح لأطٕال يٕجٍح تٍٍ 

َإَيرش. ذؤدي صٌادج ذشكٍض انًُشطاخ نهكاديٍٕو إنى اَخفاض لٍى انُفارٌح. ٔيع رنك ،  622إنى  322

ك ، فئٌ صٌادج فجٕج فئٌ صٌادج ذشكٍض انكاديٍٕو ٌؤدي إنى صٌادج لٍى يعايم الايرصاص. علأج عهى رن

يشذثطح تضٌادج َسثح انًُشطاخ نهكاديٍٕو. فً حٍٍ اَخفط يعايم  eV 3.96إنى  3.92انُطاق يٍ 

 .الاَمشاض ٔيعايم الاَكساس عُذ صٌادج َسثح ذعاطً انكاديٍٕو

 

 .(، الإَشائٍح ، انخٕاص انثصشٌح CSP، الأغشٍح انشلٍمح ،  :(NiO انكهًاخ انًفراحٍح

 

Introduction 

  NiO is part of TCO family that has several advantages such as good 

adsorptive properties and chemical stability. NiO is suitable to be deposited 

on several types of substrates such as glass, ceramics, or oxides [1,2]. The 

oxides metallic that has semiconductor behavior can be utilized in various 

applications for example gas sensors, photocatalysis, optoelectronics, 

lithium-ion micro batteries, and many others [2‒14]. NiO exhibited direct 

band gap ranging from 3.6-4.0 eV as reported by literature [15, 16]. There are 

several techniques to synthesize NiO thin layers, such as CVD [17], sol-gel 

process [18], electron-beam evaporation [19], PLD [20], dc-magnetron 

sputtering [21], spray pyrolysis [22], atomic layer deposition (ALD) [23], 

electrodeposition process [24] and the chemical bath deposition (CBD) [25]. 

spray pyrolysis method is an appropriate method due to many important 

advantages such as the deposition area can be large compared with other 

deposition techniques, unexpensive, high vacuum is not required, [22]. 

According to the mentioned advantages, a thin film of Undoped NiO and 

NiO: Cd were deposit via CSP. In this work, some physical properties of the 

Undoped NiO and NiO: Cd are carried out to study the effect of adding 

Cadmium as a dopant. 

 

Experimental 

  The samples of Cd-doped NiO thin films are prepared using CSP. To 

prepare a 0.1 M coating solution, dissolve (NiCl2.6H2O) in 100 ml of 

redistilled water. Cadmium has a volumetric ratio of 1.3 percent. The 

substrate was heated to 400 degrees Celsius. The layers were placed onto 



 وقائع المؤحمر العلمي الذوري الخامس لحملت الشهاداث العليا ححج شعار) البحث العلمي وآفاق المعرفت(

 

 

 

 
099 

glass substrates that had previously been chemically and ultrasonically 

cleaned. Spraying rate 0.2 ml/spray, base to spout 29 cm, spraying time 8 sec, 

the period between successive sprays 2 min, and the transporter gas (air) was 

preserved at a pressure of 10
5
 Pa were all taken into account to optimize the 

deposition. To measure thickness, the gravimetric method is applied. and 

found to be around 300 nm. X-ray diffractometer used to study structural 

properties. AFM was used to investigate the surface of the films. Optical 

transmittance spectra were studied using UV-Visible spectrophotometer. 

 

Results and Discussions 

   XRD styles of the intended films are presented in Figure (1). XRD 

exhibited peaks around (2θ~37.10
ο
, 43.32

ο
 and 62.83

ο
) assigned to (111), 

(200) and (220) respectively. These results were in covenant with ICDD card 

number 04-0835. The maximum peak found to be at 2θ~37.10
o
 which 

assigned to (111) plane. The peaks values and the occurrence of multiple 

peaks means the prepared thin film were polycrystalline and has cubic 

structure which is covenant with the reported experimental results [26, 27]. 

   The grain size of the crystallite (D)  of the intended films are calculated 

from the XRD data using the Scherrer formula [28]: 

    (1) 

   Where λ is the x-ray wavelength used, k = 0.9 and θ is Bragg’s angle. 

 

By increasing Cadmium doping concentration from 1% to 3%, D of the 

undoped NiO thin films increased and reached its highest value 12.69 nm, see 

Figure 2. 

The dislocation density (δ) is gained by the following Eq. [29]: 

               (2) 

Dislocation density (δ ) decreased from 75.85 to 62.09, see Table 1. 

To calculate the strain (ε) the following formula is used [30]: 

        (3) 

  Table 1. showed that strain (ε) decreased from 30.19 to 27.30. Structural 

parameters Sc were shown in Figure (2). 
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Fig.1. XRD styles of grown films.  

 

Table 1. D, optical bandgap and Sc of grown films.  

 

Sample 
2  

(
o
) 

(hkl) 

Plane 

FWHM 

(
o
) 

Eg (eV) D (nm) δ (× 10
14

) (lines/m
2
) 

Strain 

(× 10
-4

) 

Undoped NiO 37.10 111 0.73 3.69 11.48 75.85 30.19 

NiO: 1% Cd 37.08 111 0.70 3.65 11.97 69.79 28.95 

NiO: 3% Cd 37.05 111 0.66 3.60 12.69 62.09 27.30 
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Fig.2. Sc of the grown films. 

 

  The 3D AFM micrographs are presented in Figure (3). The images exhibit 

homogenous and fine NiO thin films. The average Particle size Pav decreased 

from 78.39 nm to 64.73 nm by increasing for undoped NiO and NiO: 3% Cd. 

From Figure 3 (a3, b3 and c3).  The surface roughness and rms values were 

(8.05, 4.75 and 3.63) nm and 7.63, 5.63 and 3.97) nm as Cd content increase. 

Table (2) offers AFM parameters AP.  
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Fig.3. AFM images (a1, b1 and c1), granularly distributed (a2, b2 and c2) and 

diversity of AP 

 

Table 2. AP of the intended films.  

 

Samples 
Pav 

nm 

Ra 

 (nm) 

R. M. S. 

 (nm) 

Undoped NiO 78.39 8.05 7.63 

NiO: 1% Cd 76.49 4.75 5.63 

NiO: 3% Cd 64.73 3.63 3.97 
 

 

   Figure (5) represents the optical transmission(T) via wavelength. One can 

notice that the optical transmission is decreasing with increasing the 

concentration of Cadmium doping [31]. 

The absorption coefficient (α) determines the ability of a material that can 

absorb a specific spectrum. Using the equation [32]: 

α = ln (1/T)/d         (4) 

    Where, d is film thickness. 
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   Fig.5 displays absorption coefficient (α) decreased with an increase at 1% 

or 3 % Cadmium doping. 

    

 
 

Fig. 4: T with wavelength of grown films. 
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Fig. 5: α via hν of intended films. 

 

 

 

 

The bandgap Eg is determined by Tauc ׳s equations [33]: 

 

   Where A is the constant, (h)
2
 against incident photon energy (h), plots 

were gained. 

as offers in Fig. (6) Eg shows a decrement with Cd-doping from 3.69 eV to 

3.60 eV as Cd content increase. 
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Fig. 6: (αhν)

2
 via hν of intended films. 

 

The extinction coefficient (k) is obtained from the equation [34]: 

 

  -----(6) 

   Where α is the absorption coefficient. K are plotted in Fig.7 for NiO: 4% 

Cd thin films. The extinction coefficient decreased with increasing Cadmium 

doping concentration increase. 

   Refractive index (n) is determined using the following equation [35]: 

 

    ----- (7) 

Where R is the reflectance.   

Fig. 8 represent refractive index with wavelength, and it’s clear from this 

figure the refractive index increased with wavelength until 540 nm and with 
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the Cadmium doping, and then decreased at wavelength greater than 540 nm 

and with increasing Cadmium doping, there is a little decrease in n via 

Cadmium doping. 

    

 
Fig. 7: k of intended films. 
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Fig. 8. n of intended films. 

    

 

Conclusion 

The CSP is used to deposit nickel oxide Thin film. The peaks values of X-ray 

diffraction (XRD) show polycrystalline and cubic crystalline with a 

predominant orientation along (111). AFM image exhibits the variation of 

grain size where it is 78.39 nm and 64.73 nm for undoped NiO and NiO:3% 

Cd, respectively. In the visible light region, the average transmission is found 

to be 95% and the band gap ranging from 3.69 and 3.60 eV. The absorption 

coefficient is increased by increasing the dopant concentration. However, the 

extinction coefficient and the refractive index showed an opposite behavior 

where their values are decreased with increasing dopant concentration. 
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