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Abstract: A theoretical investigation on the structural, optical, and electrical properties of zinc oxide (ZnO) layers 

manufactured at different process conditions were investigated. ZnO epitaxial layers were grown on silicon, glass, 

and ITO/glass substrates by pulsed laser deposition (PLD) technique. The influence of power beam, substrate 

temperature, and deposition time on films properties was analyzed. Morphological features of the film surface were 

investigated by scanning electron microscopy. A structural study shown planar orientation of films at low 

temperatures of substrate, but the columnar type of growth originated in temperature enhances. Electrical properties 

were determined in the temperature range 300–500 K. It was shown that the type of films conductivity is metallic 

and it is limited by charge transfer across grain boundaries. 
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1. INTRODUCTION 

Zinc oxide is one of the most important group II–VI 

semiconductor materials. It is a wide-band gap oxide 

semiconductor with a direct energy gap of about 3.37 

eV. ZnO has high chemical and mechanical stability; 

furthermore, it is nontoxic and widespread in nature. 

Recently, transparent-conducting oxides on the base 

of ZnO have been studied well [1–3]. Zinc oxide 

(ZnO) nanomaterials attract a great interest 

accelerating research in this field in recent years due 

to their unique properties and potential applications 

in ultraviolet (UV) light emitters, optochemical 

sensors, spin electronics, transparent electronics and 

piezoelectronic devices [1-5]. ZnO has been proposed 

to be a UV emitting phosphor more efficient than 

GaN thanks to its larger excitonic binding energy of 

60 meV, which leads to reduce UV lasing threshold 

and yields higher UV emitting efficiency at room 

temperature [6]. According to this, design of new 

nanostructured ZnO materials is one of the critical 

points in Materials Science for the development of 

applications based on their peculiar properties. 

Optical properties of bulk ZnO materials and 

nanostructured particles have been studied by 

photoluminescence (PL) spectroscopy. The dominant 

part of luminescence spectra of this material has been 

measured at room temperature. As it was mentioned 

before, the emission spectrum of ZnO, at room 

temperature, exhibits the emission band located in the 

UV domain (λ ≈ 360 to 380 nm. Before listing some 

general properties of ZnO material concerning its 

crystal structure and energy band gap properties, 

three synthetic approaches which were developed for 

the fabrication of ZnO nanostructures are discussed 

and the associated optical properties are described. 

Nature of visible as well as the UV luminescence is 

exposed. In previous years, the researchers devoted 

their focus on one-dimensional ZnO nanostructures 

and the results found that among these structures, 

nanotubes are a very important one. So many 

experimental methods have been developed to 

synthesize ZnO nanotubes [6]. One-dimensional (1D) 

nanostructures have attracted increasing applications 

because they possess unique properties compared to 

the bulk crystal due to the quantum confinement 

effect and the surface effect [7]. Recently, all the 

synthesized ZnO nanotubes are of thick walls. 

Although the single-walled ZnO nanotubes have not 

yet been synthesized, yet theoretical researches on 

the structural and elastic properties of single-walled 

ZnO nanotubes are very useful for the references. 

Also their dependence on the chirality and radius 

may still be very useful for the researchers. Similar 
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type of researches has also been performed on ZnS 

nanotubes. 

A. Electronic structure and general optical 

properties 

ZnO as a semiconducting material has a wide band 

gap. Electronic band gap structure of ZnO material 

has been calculated by a number of researchers [8]. 

Figure I show the result of band gap structure 

calculations which were based on the quantum 

methods such as Local Density Approximation and 

incorporating atomic self-interaction corrected 

pseudopotentials (SIC-PP) for the Zn 3d electrons 

configuration. 

 

Figure 1 Band structure of ZnO. 

The structural and electronic properties of ZnO 

determine the optical features of this material. It is 

well known that ZnO at room temperature has two 

types of emissions in its photoluminescence (PL) 

spectrum located in the ultraviolet (UV) and visible 

range.  

Figure I shows room temperature PL spectra of ZnO 

nanostructures obtained with different types of 

morphologies. These spectra demonstrate various 

shapes depending on ZnO morphology. 

B. UV emission of ZnO 

Photoluminescence emission of ZnO in the UV region 

could be explained by the “excitonic model” which is 

developed for the explanation of optical properties of 

direct gap-semiconductors [8]. At 0 K the valence 

band (VB) of ZnO is fully occupied by electrons, and 

at the same time, the conduction band (CB) is 

completely empty. The electrons can be excited from 

VB to CB due to absorption of photons which have 

energies higher than the ZnO band gap  

 

 

Figure 2 Band-to-band electron transition (A), 

excitonic states energy diagram (B) [18]. 

 As a result of this process, the negative charged 

electrons are moving to the CB leaving positive 

charged holes in the VB (Figure I-5-A). The electrons 

and holes can interact through their Coulomb 

potential and form hydrogen or positronium-like 

states below the band gap. These states are called 

excitons, which can be presented as a quasiparticle of 

excitation or as the quanta of the excitation. There are 

two types of excitons which are characterized by the 

average distance between electrons and holes i. e. the 

excitonic Bohr radius aB: (i) Wannier excitons where 

aB is larger than the lattice constant and (ii) Frenckel 

excitons which exist in insulators or organic crystals 

where electrons and holes reside in the same unit cell. 

The excitonic Bohr radius for ZnO is equal to 1.8 nm. 

2. Electrical Properties of Zinc Oxide 

Zinc oxide is one of the most important group II–VI 

semiconductor materials. It is a wide-bandgap oxide 

semiconductor with a direct energy gap of about 3.37 

eV. ZnO has high chemical and mechanical stability; 

furthermore, it is nontoxic and widespread in nature. 

Recently, transparent-conducting oxides on the base 

of ZnO have been studied well. ZnO is one of the 

most promising materials for the fabrication of the 

next generation of optoelectronic devices in the UV 
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region and optical or display devices [9-10]. As a 

matter of fact, simultaneous occurrence of both high 

optical transmittances in the visible range and low 

resistivity make ZnO an important material for 

manufacturing of heat mirrors used in gas stoves, 

conducting coatings in aircraft Glasses to avoid 

surface icing, and thin film electrodes in amorphous 

silicon solar cells. 

A. Methods 

The ZnO films grown on silicon, glass, and ITO/glass 

were deposited by the PLD method. The YAG: Nd3+ 

laser with the 532 nm (II harmonics) wavelength, 6 

ns pulse time, and 16 J/cm2 fluence was used. The 

laser beam was focused on the target using a quartz 

lens with focal distance of 600 mm. The pressed ZnO 

powder was used as a target. The growth 

temperature T s was kept in the range 20–400 °C and 

the deposition of the layers was carried out at 10−8 

mbar vacuum. Structural properties and cross-

sectional images of the film were investigated by 

scanning electron microscopy Vega3 Tescan, for 

samples growth at the temperature T s = 200 and 300 

°C. The electrical characterization was carried out in a 

four probe conductivity cells [11-12]. A constant 

voltage was applied to the sample and the current 

was measured using a Keithley electrometer. 

Current dependences on temperature were recorded 

during the cooling as well. When the samples reached 

the room temperature, it was taken to second heating–

cooling cycle. During the second heating–cooling 

cycle, also the current dependence on temperature 

was recorded. The cycle curves were measured for 

films as grown and after annealing in oxygen 

atmosphere in 250 °C. Optical transmission spectra 

were measured in the wavelength range of 190– 1100 

nm using UNICAM UV300 spectrometer. The 

photoconductivity of thin films ZnO was determined 

by measuring resistance/conductivity of the films 

using the Illumination by light-emitted diode with 

365 nm. 

3. Conclusions 

In summary, we have investigated the structural, 

stability and optical, electrical property of ZnO.  ZnO 

thin films have been successfully deposited using 

pulsed laser deposition technique at different 

substrate temperatures that vary in the range of 20–

400 °C. The experimental curves show a linear 

dependence of the electrical conductivity versus 

reciprocal temperature, and this confirms the 

superiority scattering lattice. This is the columnar 

film growth at higher substrate temperatures. At room 

temperature, electron mobility is limited by scattering 

grain boundaries. Photoconductivity curves are 

characterized by two distinct trends in photocurrent 

decay with a time constant that depends on the 

mechanism of recombination of nonequilibrium 

carriers. 
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