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Abstract 
 
In this work, the zinc oxide (ZnO) thin films have been deposited on the substrate glass via chemical  
spray pyrolysis technique that influence of the distance between nozzle and substrate on the optical, 
morphology, chemical composition and structural properties of two samples. Thicknesses of two 
samples were obtained around 300 (nm) via weighing method at a stable substrate temperature of 370 
°C. Crystal structure was investigated by manner of an X-Ray Diffraction (XRD); it was found that two 
films have three peaks located at 2θ ≈ 32.698 ̊, 34.185 ̊ and 36.185 ̊ with hkl (100), (002) and (101), 
respectively. XRD pattern appeared the present of hexagonal crystal structure with (002) arrangement 
and polycrystalline for two samples. Optical properties of ZnO thin films were contained study of 
transmittance spectrum in the extent of the wave length λ (200-1100) nm with using ultraviolet-visible 
spectrophotometer that varies between 89-92 %. The results of optical band gap was varied between 
2.97 and 3.02 (eV) along with variable distance between substrate and nozzle 20 and 30 (cm) 
respectively. The morphology of surface zinc oxide was investigated by scanning tunneling microscopic 
(STM) and root mean square (rms) of the surface films was measured via STM. XRF spectral 
measurement confirms and indicates that elements present in the thin films. 
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1. Introduction 

 
ZnO is one of the significant semiconductor materials belonging to II-VI group [1]. These 
properties determine most technological applications for instance, zinc oxide (ZnO) based 
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materials have been used with photovoltaic cell materials, photonics and sensing. For fabrication 
of the zinc oxide films on substrate of glass and low cost by chemical spray pyrolysis technique. 
There are some factors that may influence the physical properties with chemical spray pyrolysis 
technique stage include the spray temperature, the spray rate, the spraying geometry and the 
distance between substrate and nozzle [1, 2]. Substrate of glass was used to fabricate the film 
coating [3], which is known an essential droplet distance at spray technique.  Though 20 (cm) 
substrate-nozzle distance is not a valid distance for a good crystalline and 30 (cm) substrate-
nozzle distance is the best crystalline in this system. In present work, thin films were influence by 
the substrate-to-nozzle distances at constant substrate temperature 370 °C and concentration of 
0.1 M [1]. The structural of the two samples were detected with X-ray diffraction and also the 
optical properties were determined via a spectrophotometer [3, 4]. In addition, morphology 
surface of zinc oxide thin films was studied by Scanning Tunneling Microscope (STM). Finally, 
the peaks of XRF are correspond to the elements in the samples [5], in which, the energy of the 
thin films depends on the detector efficiency.  
 

2. Experimental details 
 
Zinc oxide thin films were deposited onto the glass substrate via the chemical spray pyrolysis 
technique [1]. It was cleaned first by acetone, and then dried by optical cleaning paper [6]. 
Solution of chemical spray pyrolysis was prepared by using zinc acetate Zn(CH3.COO)2.2H2O = 
219.49 (gm/mol) and 99.9 % purity at a constant substrate temperature of 370 °C; molarities of 
0.1 M and appropriate volumes by a distilled water [2, 6, 7]. Two samples have various distances 
between substrate and nozzle was and maintained at 20 and 30 (cm) as shown in Figure 1. The 
spray rate was about 2 minute. The carrier gas used  for  spraying  was  compressed  nitrogen 
(N2) gas at a pressure of 1 bar and Zn(CH3.COO)2.2H2O dissolved via heating as seen in the Eq. 
1 [7, 8].  
 

3 2 2 2 2 3( ) .2 2 2Zn CH COO H O H O ZnO H O CH COOH+ → ↓+ ↑+ ↑                                            (1)  
 
The film thickness was measured by the weighting-method via a digital balance type (Meter AE-
160) with susceptibility of 10-4 (gm), and the thickness was calculated according to the Eq. 2 [9].  
 

mT
Aρ
∆

=                                                                                                                                                   (2) 

 
where T is defined as the thickness of the film, Δm is weight difference of substrate, and Δm≈ 
0.0029(gm) is the mass difference of slide after and before the deposition. A is area A= 2.35 × 
7.2 (cm2) were used as glass substrates and density ρ = 5.606 (gm/cm3). 
 
The thicknesses of two samples about 300 (nm) were found to be 30 and 20 (cm). Shows went up 
with distance between nozzle and substrate [1, 10]. 
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Figure 1. Schematic of the spray pyrolysis system 
 
 

X-ray diffraction (XRD) technique was used to analysis of the prepared of Zinc oxide (ZnO) thin 
film via a (Model:Panalytical Empyrean) with 45 (kV) and 40 (mA) and using copper-Kα 
radiation by wavelength at 0.15460 (nm) X-ray source [5]. Data of x-ray diffraction was received 
of the 2θ area from 5 to 70 degrees with a step of 0.013 deg. Furthermore, optical properties of 
the thin films were estimated by UV (Model: UV-1240, Shimadzu) spectrometer and the 
wavelength λ range between 200 and 1100 (nm). In surface topography by scanning tunneling 
microscope (Model:  NT-MDT Solver Nano), a small voltage of 2.90 (nV) and a current of 
4.825 (nA) was applied on the probe (tip) over 3 x 2.5 μm area by semi-contact mode. X-ray 
fluoresces (Model: Rigaku-NEX CG) can be used to measure the elements of chemical 
composition of two samples. The X-ray tube current and voltage were applied approximately 1 
(mA) and 25 (kV) respectively [11]. All measurement were used four target but the target of the 
molybdenum (Mo) was a better than another target such as RX9, Cu and Al because the intensity 
by Mo is clearly to determine chemical composition component on the surface thin films. The 
time of X-ray tube measured 200 (sec) for aluminum and 100 (sec) for Mo, Cu and RX9. 
 

3. Result and discussion 
 

3.1. Structural measurement 
 
Figure 2, X-ray diffraction patterns of zinc oxide films at various substrate-nozzle to distances; 
three peaks noticed at 2θ ≈ 32.698 ̊, 34.185 ̊ and 36.185 ̊ were corresponding to (100), (002) and 
(101) orientations respectively as seen in the Table 1. XRD study indicated that the films are 
polycrystalline and hexagonal structure with (002) peak also determined from the inter-planar 
spacing of (hkl) planes Eq. 3 [6, 12, 13].  
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= +                                                                                                              (3) 

 
where a, c are lattice parameters, hkl are the miller indices of the planes, and dhkl is interplanar 
spacing. 
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Figure 2. XRD for Zinc oxide films on glass substrate at variant distance between nozzle-
substrate 
 
The distance between nozzle and substrate changes, and the thermal energy in the vapor space 
modifies which depends importantly on substrate-nozzle distance [10]. The peak intensities of the 
orientation (hkl) increased with elevating nozzle-substrate distances because at little distance like 
20 (cm), droplet in liquid phase onto the substrate and decomposes without a good film growth, 
when the distance is increased to 30 (cm), decreasing droplets and deposition condition taken 
location and the crystallity increases [1, 14, 15]. The particle size (D) of the polycrystalline 
material can be calculated from the intensity patterns by X-ray diffraction and using Debye 
Scherrer's method by the Eq. 4[11, 16, 17]. 
 

0.9
cos

D λ
β θ

=                                                                                                              (4) 

 
where β is define as the full width at half maximum (FWHM) of the XRD peak appearing at the 
diffraction angle θ and λ is the wavelength, the value of particle size (D) listed in the table 1. 
 
The dislocation density (δ) is illustrated the length of dislocation lines per unit volume of the 
crystal and it was calculated via the Eq. 5 [14, 18, 19].  
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1
D

δ =                                                                                                                                          (5) 

 
In the table 1, the particle size is increasing with increasing the nozzle-substrate distance at 30 
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(cm), and the dislocation density should be decreasing along with the length of dislocation per 
unit volume and measure of the quantity defects in a crystal ZnO [10, 14, 18]. 
 
Table 1. The 2θ values, inter-planar spacing, crystallite size and dislocation density of ZnO for 
the distance 20 and 30 (cm) between nozzle-substrate 
 

 

Distance 
between 
nozzle-

substrate 
(cm) 

 
Miller  
indices 
(hkl) 

 
 

2θ ( ̊ ) 

 
Inter-

planner 
(d)  ( ̊A) 

 
Crystallite 
Size (nm) 

 
Dislocation 
density δ 

x1014 
lines/m2 

30 (100) 32.698 2.822 23.02 18.9   
20 (100) 32.638 2.775 15.28 42.8 
30 (002) 34.185 2.617 31.20 10.3 
20 (002) 34.263 2.567 23.17 18.6 
30 (101) 36.185 2.476 31.38 10.2 
20 (101) 36.240 2.441 29.36 11.6 

 

3.2. Surface morphology 
 
The surface morphology of zinc oxide thin films was clearly smooth [5]. The valuation of root 
mean square surface roughness of the thin films was about 17.470 and 10.062 (nm) for surface 
thin films with various distances between substrate and nozzle of 20 and 30 (cm) respectively the 
Figure 3. The root mean square (rms) increases with decreasing nozzle-substrate distances due to 
the droplet in liquid onto the substrate decomposes at distances of 20 (cm) is not a good film 
growth but the distance is increased at 30 (cm). The deposition is take approximately all location 
on the substrate and the root mean square roughness reduced on the substrate [4]. 3D views of 
zinc oxide have been presented by using STM that the size of images 3 x 2.5 (μm) as shown in 
Figure 3. The morphology surface has a strong influence on the optical properties for instance 
transmittance and optical band gap [4]. 

           

Figure 3. STM analysis of zinc oxide thin films with different nozzle-substrate distances 
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3.3. Optical measurements 
 
Ultraviolet-visible spectrophotometer (Shimadzu-1240) collected transmittance spectra T and the 
wavelength range from 200 to 1100 (nm). Transmission is related to absorption coefficient (α) 
and film thickness (d) was calculated according to Beer's law as shown in Eq. 6 [15, 20, 21]. 
 

 

1 1ln
d T

α =                                                                                                                                      (6) 

 
Figure 4 explains the transmission spectra (T) between 200 and 1100 (nm) taken in thin films 
fabricated by variant distances between substrate and nozzle. An area for powerful transparency 
is located from 200 to 800 (nm). The value of the transmission is around between 89-92 %. The 
transmittance of the films increased via increasing substrate nozzle distance because of an 
increasing crystallization, decreasing droplets  in  liquid  phase  sprayed  upwards  the  substrate  
at 30 (cm), concept deposition condition completed and a  good  transparency  films  were  
obtained. The mechanism of chemical spray pyrolysis technique will be altogether purely [1, 2, 
10, 15].  
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Figure 4. Transmittance versus wavelength for zinc oxide films 
 
 
Absorption coefficient is related to optical band gap via Tauc's law as shown in Eq. 7 [15, 22]. 
 

2( ) ( )h A h Egα ν ν= −                                                                                                                     (7) 
 
where h is Planck's constant υ is the photon frequency, A is constant and Eg is the band gap of 
the film. If the plot (αhυ)2 in function of photon energy E= hυ (with hυ (eV) = hc/λ = 1240 / λ)) 
and with the linear part of  (αhυ)2 to x-coordinate axis (ie., (αhυ)2 = 0), obtain Eg value [10, 23, 
24]. The differentiation for the concluded optical gap of thin films by nozzle-substrate distances 
are reported in the Figure 5. Optical band gap was increased with an increase in the substrate- 
nozzle distance. The values of optical band gap are about 2.97 and 3.02 (eV), while the variant 
distances of substrate-nozzle are around 20 and 30 (cm). This increase in optical band gap can be 
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assigned to and went up in carrier concentration of the thin films presentable to complete 
decomposition of the deposited ZnO thin films [2]. 
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Figure 5. Energy gap of ZnO thin films with different substrate-nozzle distances. 
 
 

3.4. XRF Studies 
 
The presence of peak intensity of zinc is increasing with nozzle-substrate distances from 20 to 30 
(cm). As shown in Figure 6, the peak intensities of Zn-Kα for two samples were increased 
approximately from 1800 to 3510 (cps) and the peak intensities for Zn-kβ were between 300 and 
520 (cps) [5, 11].  
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Figure 6. XRF spectrum with various distances nozzle-substrate 

 
The energies of Zn-Kα and Zn-kβ are corresponding to 8.625 (KeV) and to 9.570 (KeV), 
respectively. The peaks of the oxygen (O) and contamination cannot be investigated by XRF 
because the detector is not very sensitive to study the energy which these low-atomic number (Z) 
elements or light elements by X-ray fluorescence peaks.  
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4. Conclusion 
 
ZnO thin films were deposited with chemical spray pyrolysis technique. The influence of the 
distances between nozzle and substrate on the structural, morphology, chemical composition, and 
optical analysis of thin films were detected. X-ray diffraction pattern confirm of the present of 
hexagonal structure with (002) orientation for two samples. The optical transmittance value of the 
samples alterable for the wavelengths range 200-1100 (nm) with approximately between values 
of 89-92 %. The optical band gap values are around 2.97 and 3.02 (eV), and variant of substrate-
nozzle distances are about 20 and 30 (cm). The obtained results proposed that the substrate-
nozzle distance is the most important parameter and the deposited films could be used for 
photovoltaic cell materials. Morphology of surface thin films was measured by STM and an 
increase of the root mean square roughness (rms) as a result of decrease of nozzle-substrate 
distances, where the rms are 17.470 and 10.062 (nm) at distance 20 and 30 (cm), respectively. 
The morphology surface has a strong influence on the optical properties for instance 
transmittance and optical band gap. The presence of zinc is confirmed by XRF. Two samples 
were indicated that Zn-Kα corresponding to 8.625 (KeV), and Zn-kβ 9.570 (KeV). 
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