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In this study, the effects of laser energy on pulsed laser-deposited zinc oxide (ZnO nano-
films) with energies of 500, 700 mJ, and 400 pulses deposited on glass substrates are 
investigated using an Nd:YAG laser with a wavelength of 1064 nm and 6 Hz. The 
created films were annealed at 400°C for an hour in a special annealing furnace. Each 
prepared film's optical characteristics and structural XRD were then examined. The 
findings demonstrated that absorbance decreased with increasing laser energy, even 
though the energy gap for ZnO nano-films was of the direct kind for all the films and 
varied from 3.28 to 3.3 eV for energies of 500 and 700 mJ, respectively. 
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1. Introduction 
Zinc oxide (ZnO) is an intriguing inorganic 

substance with exceptional physical as well as chemical 

behavior and an important material in many scientific 

and technical applications. As a high-band gap 

semiconductor material, it possesses a band gap energy 

of about 3.37 eV at room temperature with a high 

exciton binding energy of 60 meV and hence superior 

optical and electronic properties [1]. ZnO exhibits high 

piezoelectricity, high electron mobility, and UV 

absorbability and is also found to be suitable in 

electronics, optoelectronics, sensing devices, photo 

catalysis, and biomedical devices [2]. Nanostructured 

oxide semiconductors have been gaining 

unprecedented interest over the past few years because 

of their significant importance in addressing some 

fundamental problems in their basic physics and their 

possible application as new materials [3–5].  

ZnO, for instance, is an n-type wide band gap 

semiconductor material with energy band gap of 3.37 

[1,6]. These semiconductors have been gaining 

considerable attention from researchers because of their 

immense number of applications, primarily utilized as 

gas-sensing devices or chemiresistors [7-9].  

It must, however, be noted that ZnO is typically 

effective as a sensing material above 150°C [7,10,11]. 

Another viable alternative solution is exposure to UV 

light irradiation, an effective and economic means of 

activating and enhancing chemiresistors' sensing 

potential at ambient temperatures [7-9,12,13]. In 

addition, zinc oxide has also been described as having 

low toxicity, high applicability, and an environmentally 

friendly character, making it an ideal material to 

spearhead sustainable technologies to the next level. 

This capability of being formed in a variety of 

nanostructures - nanowires, nanorods, and 

nanoparticles - only adds to their versatility and their 

potential uses in nanotechnology and material science. 

 

2. Experimental Work 

Zinc oxide (ZnO) with a nano-sized size (10-30 nm) 

was used in the form of high-purity powder (99.999%) 

manufactured by Amorphous USA. 2 gm was chosen 

as the mass of one sample using a sensitive balance. 

The powders were ground in a ceramic mortar for half 

an hour, and then the mixed powders were pressed with 

a pressure force of (5) tons in a mould made of stainless 

steel with a diameter of (1.5 cm) and a thickness of (0.5 

cm) for (5 minutes) by a hydraulic press, forming a 

target with a thickness of 4 mm. 

German-made microscope slides with glass bases 

with a size of 0.1×2.5×7.6 cm³ were used. The glass 

bases were cleaned to remove impurities or suspended 

materials because the presence of these impurities 

affects the properties of the prepared films. They were 

then ready for use before starting the sedimentation 

process by following the following steps: 

a. Washing the bases thoroughly with alcohol to 

remove any weather-related debris. Avoiding using 

detergents, as these leave chemical residues that 

prevent the membrane from adhering to the base. 

Furthermore, some detergents may scratch the base 

surface, affecting the membrane's consistency. 

 b. Immersing them in distilled water and place 

them in an ultrasonic device for 15 minutes. 

c. The bases are dried using special paper and are 

thus ready to begin the deposition process. 
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3. Results and Discussion 

The X-ray diffraction (XRD) patterns of all 

produced samples shown in Figs. (1) and (2) are 

initially orientated across the c-axis vertical to the 

substrate surface and exhibit a hexagonal wurtzite 

structure, which is in agreement with the findings of 

other studies [14,15]. The increase in pulses altered the 

direction of the film and affected the Miller indices at 

(100), (002), and (101), the selected direction. When 

compared to a conventional bulk spectrum, there was a 

slight change in the peak positions and peaks with 

larger FWHM because more stoichiometric ZnO films 

were formed. Diffraction peaks are widened by the tiny 

particle size of ZnO nano films. As the Energy 

increased, the crystal size of the films shrank [16,17]. 
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Fig. (1) XRD pattern of ZnO film on quartz with diverse 

annealing temperatures at energy of 700 eV 
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Fig. (2) XRD pattern of ZnO film on quartz with diverse 

annealing temperature at energy of 500 eV 

 

In the visible spectrum, where absorption spectra 

were displayed in Figs. (3), (4) and (5), the prepared 

ZnO films have shown a poor optical absorbance and 

hence good transmittance (over 80%). With increasing 

energy of laser, the absorption edge has been found to 

gradually transfer to a larger wavelength range [18,19]. 

Increased absorbance at short wavelengths in the 

visible spectrum is a characteristic of the films. This 

trait allows us to employ them in gas sensor 

applications.  
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Fig. (3) Absorption spectrum of ZnO film on quartz at an energy 

of 700 eV 
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Fig. (4) Absorption spectrum of ZnO film on quartz at an energy 

of 500 eV 
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Fig. (5) Absorption spectrum of ZnO film on quartz at energies 

500 eV and 700 eV 
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According to the study, this explains why the 

absorbance is at its lowest at long wavelengths as the 

incident photon's energy is lower than the 

semiconductor's energy gap value [20]. This shows the 

increase in the energy gap with growth in the thickness 

of films. The process used to determine the absorption 

coefficient (α) is as follows [21]:  

𝛼 = 2.303 𝐴/t    (1) 

where (A) is the absorbance and (t) is the thin film's 

thickness in nanometers (nm). This description is used 

when there is a substantial likelihood of the permitted 

direct transition. Tauc's equation was used to compute 

the optical band gap energy [22]:  

𝛼ℎ𝜈 = (ℎ𝜈 − 𝐸𝑔)𝑛   (2) 

where n=1/2 denotes a direct transition, B is a constant, 

hv is the incident photon energy (eV), and Eg is the 

optical band gap (eV). The values of the optical energy 

band gaps have been obtained by extrapolating the 

linear part of the curves of (αhv)² vs. hν, as shown in 

Figs. (6), (7), and (8), and 3.28 and 3.3 eV are the 

measured energy band gap values [23]. 
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Fig. (6) Determination of the energy gap of ZnO film on quartz 

at an energy of 700 eV 
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Fig. (7) Determination of the energy gap of ZnO film on quartz 

at an energy of 500 eV 
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Fig. (8) Determination of the energy gap of ZnO film on quartz 

at two energies energy of 500 eV and 700 eV 

 

These findings are highly consistent with our earlier 

theoretical work, where we demonstrated that quantum 

confinement causes the energy band gap values to 

decrease with increasing particle size [24]. It was 

discovered that band gap diameters increased as the 

thin film's thickness increased [25,26]; the increase has 

been due to a reduction in the particle size; hence, the 

energies of the optical band gaps are directly dependent 

on the level of crystallinity of the thin film [27]. 

 

4. Conclusions 
Zinc oxide (ZnO) films were prepared by PLD on 

glass substrates, and X-ray diffraction results revealed 

a hexagonal, polycrystalline wurtzite ZnO structure. 

Optical properties revealed that increasing the energy 

led to a shrinkage in the crystal sizes of the films, 

resulting in the smallest grain size at 400 pulses. This 

result is important for the manufacture of gas sensors. 

The measured energy band gap values are 3.28 and 3.3 

eV, which are similar to the theoretical values. 
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