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ZnO and ZnO:Cr films were grown by the chemical spray deposition (CSD). The effect of 
the Cr content on ZnO was studied. All ZnO films show polycrystalline, hexagonal 
wurtzite structure, with (002) dominant plane. AFM displayed that films have a compact 
surface, its root mean square roughness increased with Cr percentage. The average 
diameter was smaller than 64 nm. The optical bandgap was evaluated using Transmittance 
data. Their values were found to be decreases via increment in Cr doping. 
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1. Introduction 
 
ZnO possesses direct bandgap of 3.37eV and n-type conductivity [1-3]. (ZnO) is a 

transparent conducting oxide (TCO) material that has garnered significant attention due to its 
desirable properties. Thin films of ZnO are particularly attractive for various applications[4, 5]. 
One key advantage is their exceptional chemical and mechanical stability, especially in 
environments involving hydrogen plasma. This makes ZnO thin films suitable for use in harsh 
conditions where other materials may deteriorate [6-8]. It is employed in variety of applications, 
like UV light emitters [9], piezoelectric transducers [10] and gas sensors [11]. Cr doping can 
ameliorate the gas sensor properties of ZnO films [12].  The ionic radius of Cr+3 (0·63 Å) is nearer 
to Zn+2 (0·74 Å) [13]. Several deposition methods were used to grow ZnO films, including PLD 
[14], RF plasma [15], SPD [16], electrochemical [17], spin-coating [18], and dip coating [19-21]. 
Among these methods, spray pyrolysis stands out as a particularly attractive option due to several 
advantageous characteristics. First and foremost, spray pyrolysis is known for its cost-
effectiveness, making it a financially viable choice for many applications. Additionally, this 
technique is relatively simple and straightforward to implement, requiring minimal complexity in 
equipment and setup [22, 23]. That dopants can act as a deviation in lattice parameter [24]. This 
work investigates the nanostructures of ZnO thin film synthesis by SPD at different Cr doping. 

 
 
2. Experimental 
 
Zinc oxide was obtained by melting (0.1M) of Zn (CH3COO)2. 2H2O in redistilled water. 

Few drops of acetic acid were added to ban the formation of Zn(OH)2.  The mixed solution was 
whiskered at 50°C for 90 min to be fine and transparent. For Cr doping, 0.1 M of Chromium (II) 
chloride was dissolved in redistilled water to get 2% and 4% Cr doped ZnO. The substrates are 
glass slides cleaned with acetone via ultrasonic bath. The resultant solution was sprayed onto 
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preheated substrate retained at 400 oC. N2 was employed as transporter gas, flow rate was 4 
ml/min, distance between spout -base was 28 cm, spray time was 7 s followed by 1.5 wait to 
prevent substrate cooling. Film thickness was carried out by weighing method, 300 ± 30 nm. 
Transmittance spectra were recorded using double beam spectrophotometer. XRD and AFM were 
used to obtain a structural and topographical characterization. 

 
 
3. Results and discussion 
 
Figure 1 offers XRD styles of pure ZnO and (1, 3) % Cr doping in ZnO thin films 

deposited at 400oC. All the samples were hexagonal polycrystalline, with a dominant peak along 
(002). The XRD patterns of these samples agrees with ICDD (No. 36-1451) data [25]. The high 
intensity of the (002) peak in all the spectra indicated good quality of films [26]. The three 
distinguished peaks are displayed in the Figure 1, conformable to ZnO (002), (100) and (101) 
reflections.  

The average crystalline size (D) of grown films was evaluated by Scherrer’s equation 1 
[27-29]: 

 

𝐷𝐷 =
0.94𝜆𝜆
𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽

                                                                                   (1) 

 
where λ is the wavelength of X-ray, 𝛽𝛽 is FWHM. D of the grown films is about (16.84-27.37) nm 
[30]. As we can notice from Table 1 that, Cr content improves crystalline quality.  

The dislocation density (δ) is predestined by utilizing D by the  relations [31-33]: 
 

𝛿𝛿 =
1
𝐷𝐷2 �

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑚𝑚2 �                                                                               (2) 

 
The microstrain (ε) is also predestined by utilizing D by the 3 relations [34-36]: 
 

𝜀𝜀 =
𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽

4
(𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙−2.𝑚𝑚−1)                                                                     (3) 

 
The estimated values are displayed in Table 1. The peaks intensity of doped films is 

increased compared to ZnO, showing a tiny variation in lattice parameters via Cr content [37]. 
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Fig. 1. XRD patterns of the deposited films. 

 

 
 

Fig. 2. Structural parameter of the deposited films. 
 
 

Table 1. Structural data of intended films. 
 

Sample 
(wt %) 

(hkl) 
Plane 

2theta 
(Deg.) 

Lattice 
Constanta  

(Å) 

FWHM 
(Rad) 

Crystalite 
size 

D (nm) 

Microstrain 
(lineˉ².mˉ1)×  

10ˉ3 

Dislocation 
density(δ) 

(line.mˉ²)×1015 
0 (002) 34.44 3.249 0.395 20.93 1.71 2.28 
1 (002) 34.44 3.249 0.491 16.84 2.13 3.53 
3 (002) 34.44 3.249 0.302 27.37 1.31 1.33 

 
 
Figure (3-5) represents a two-dimensional SEM image for undoped ZnO 1% Cr doped    

ZnO, 3% Cr doped ZnO respectively. 
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Fig .3. SEM image for undoped ZnO. 
 
 

 
 

Fig. 4. SEM image for 1% Cr doped ZnO. 
 

 

 
 

Fig. 5. SEM image for 3% Cr doped ZnO. 
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4. AFM analysis 
 
Figure 6 presents AFM images of ZnO:Cr films, revealing a uniformly smooth surface for 

all samples. However, variations in surface morphology were observed, which can be attributed to 
different molar compositions of the dopant. As the Cr content increased, the crystal quality of the 
films decreased. The inclusion of transition metal ions in the ZnO lattice impeded nucleation and 
hindered the further growth of ZnO grains. The surface roughness values were found to increase 
with higher Cr concentration. This can be attributed to an increase in nucleation centers number, 
leading to an elevation in surface roughness. 

Moreover, the introduction of Cr in ZnO films results in an increased presence of defects, 
further contributing to roughness and deterioration in surface distribution. Table 2 provides the 
values of RMS (root mean square) and average diameter, indicating a rough surface with an 
increase in diameter. Similar findings have been reported by Chang et al. [38, 39]. 
 

 
 

 

 
 

Fig. 6. AFM images (a, b , c) RMS, Roughness Average and Avg. Diameter, of the deposited films.  
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Table 3. Surface morphology of ZnO with different Cr doping by (SPD). 
 

Samples  
(wt %) 

Average 
particle size 

 (nm) 

Average 
roughness  

(nm) 

RMS 
 (nm) 

0 57.16 0.25 0.303 
1 53.12 1.68 1.96 
3 82.97 1.4 1.66 

 
 
5. Optical properties  
   
Transmittance spectra of the deposited films grown at various doping concentrations are 

displayed in Fig. 7. The transmittance value was 50 - 80 % in the wavelength area 500-900 nm. 
Film transmittance was increased via doping, possibly due to improved film stoichiometry or by 
lowering defects [40, 41]. 

The absorption coefficient (α) can be determined using Equation (4) [42-44] 
 

𝛼𝛼 = 2.303(𝐴𝐴 𝑇𝑇⁄ )                                                                               (4) 
 
Figure 7 illustrates the relationship between α  and the photon energy. It can be observed 

that αgradually increases at longer wavelengths and then sharply rises near the absorption edge. 
This behavior indicates that the value of α is influenced by the doping of Chromium (Cr). 
Moreover, the absorption coefficient decreases as the Cr content increases [45, 46].   

α with photon energy (hν) is utilized to evaluate energy bandgap Eg. The direct transition 
is expressed by Equation 1 [47-49]:  

(𝛼𝛼ℎ𝜈𝜈) = 𝐵𝐵�ℎ𝜈𝜈 − 𝐸𝐸𝑔𝑔�
𝑛𝑛                                                                       (5) 

 
where B is a constant.  

Α values are set to increase with the increase of doping from 1% to 3% as displayed in 
Fig. 8, this could be attributed to ZnO's white color does not absorb visible light.  But with Cr+3 
ions showing a replacement with Zn+2 ions , Zn ions absorb light in the visible region [50, 51].  

The bandgap of ZnO was set to 3.25 eV. While the bandgap of the doped was 3.15 eV to 
3.13 eV. These result were agreed with references [52, 53]. 
 

 
 

Fig. 7. Transmittance of the deposited films. 
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Fig. 8. α of the deposited films. 
 
 

 
 

Fig. 9. Bandgap energy of the deposited films. 
 
 
6. Conclusion 
 
The ZnO and Cr/ZnO films with different doping was successfully prepared. crystallite 

sizes decreased slightly with increasing Cr dopant. The AFM results show that the surface 
roughness values increased with the increment in Cr, and the average diameter was smaller than 75 
nm. Optical bandgap decreased with Cr doping, while absorption coefficient values increased. 
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