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General introduction 

 

Mixed metal oxides have found increasing research focus and applications in physics, 

chemistry, materials science and engineering. The combination of two or more metals in an 

oxide matrix can produce materials with novel physical and chemical properties leading to 

relatively higher performance in various technological applications. During the last few 

years, synthesis of metal oxide nanocomposite materials have been attracted considerable 

attention. The metal oxides nanocomposites are extremely important technological materials 

for use in optoelectronic and photonic devices and as catalysts in chemical industries. Zinc 

oxide (ZnO) is a wide band gap n-type semiconductor with an energy gap of 3.37 eV at 

room temperature. It has been used considerably for its catalytic, electrical, optoelectronic, 

and photochemical properties. 

MgO is typical wide band gap semiconductor; it possesses unique optical, electronic, 

magnetic, thermal, mechanical and chemical properties due to its characteristic structures. 

These two oxides have been widely used in almost the same application areas. Developing a 

new composite material by combining them into one could open up a new direction for 

research and applications. In recent years, researchers have focused more on the synthesis of 

nanocomposite of ZnO/ MgO due to their application in advanced technologies. Various 

physicochemical techniques have been employed to construct nanosized ZnO/MgO 

nanoparticles.  

Several techniques have been also developed to prepare nanocomposite of ZnO/MgO. 

This nanocomposite has attracted much attention because it has a larger band gap than ZnO. 

However, most of the techniques need high temperatures and perform under a costly inert 

atmosphere. Our goal in this research is to suggest an easy method to synthesize zinc oxide/ 

magnesium oxide nanocomposite. Considering the importance of luminescent materials in 

interdisciplinary materials science and future optoelectronic applications, the present work is 

focused on the synthesis of zinc oxide/magnesium oxide (ZnO/MgO) nanocomposites. 

They have attracted increasing interest in fabricating nanostructures with the size and the 

optical properties could be achieved by varying the solvents. With this motivation, 

ZnO/MgO nanocomposites were prepared by simple precipitation process and their 

structural, size and optical properties were studied. The as-synthesized samples are 

subjected to the different characterization techniques such as the powder X-Ray Diffraction 

(XRD), the Fourier Transform Infrared (FTIR), the Ultraviolet-visible (UV-vis) absorption 

and the Photoluminescence (PL) analyzes. 
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I.1 Introduction  

 Several studies has been reported on the processing of magnesia thin films over the 

past few decades [1,2,3], as many fruitful advances in thin film deposition technique have 

occurred. The formation of thin films depends on many parameters including deposition 

technique due to their structure and properties [4, 5]. Among the factors which determine the 

physical, electrical, optical and other properties of a film we cite for example rate of 

deposition, environmental conditions, substrate temperature, presence of foreign matter in the 

deposit or its purity and inhomogenity of the film. Various deposition methods have been 

used to understand the influence of these parameters on the formation of MgO-ZnO thin films 

[4, 6]. 

In this chapter we report the definition of the thin layer, MgO-ZnO thin films and its 

main alloys as well as some elaboration methods and finishing with some applications in 

different fields.  

I.2 Definition of thin layer 

A thin layer of a given material is an element of this material which its thickness has 

been greatly reduced to the Angstrom Å scale and this small distance between the two limits 

(almost two dimensional), in general, causes instability and degradation over time [7] 

The essential difference between the material in the bulk state and the thin layer state 

is related to the fact that in the massive state we usually neglect, with reason, the roles of the 

boundaries in the properties, whereas in a thin layer these are at contrary the effects related to 

the surface that are preponderant. It’s pretty obvious that the lower the thickness, the more 

this bidimensionality effect will be important. Conversely, when the thickness of a thin layer 

exceeds a certain threshold, the thickness effect will become minimal and the material will 

regain the well-known properties [8]. 

The second essential characteristic of thin layer is that, whatever the procedure used 

for its fabrication, a thin layer is always built on a support (although sometimes it is separated 

of the support). Consequently it will be imperative to take into account this major fact in the 

design, namely that the support has a very strong influence on the structural properties of the 
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deposited layer. So a thin layer of a same material and same thickness may have significant 

difference depending on whether it will be deposited on an amorphous insulating substrate 

such as glass or a monocrystalline silicon substrate for example. Consequently to these 

characteristics, thin layer is anisotropic by construction. 

In practice we can distinguish two main families of methods, those that use a carrier 

gas to move the deposited material from a container to the substrate and which are similar to 

the diffusion techniques used in manufacturing active compounds, and those that involve a 

very low pressure environment and in which the material to be deposited will conveyed by 

means of an initial pulse of thermal or mechanical nature [9]. 

I.3 MgO thin films 

Magnesium oxide is produced by the calcination of magnesium 

carbonate or magnesium hydroxide. The latter is obtained by the treatment of magnesium 

chloride solutions, typically seawater, with lime [10].
  

                            

Calcining at different temperatures produces magnesium oxide of different reactivity. 

High temperatures 1500 – 2000 °C diminish the available surface area and produces dead-

burned (often called dead burnt) magnesia, an unreactive form used as a refractory. Calcining 

temperatures 1000 – 1500 °C produce hard-burned magnesia, which has limited reactivity and 

calcining at lower temperature, (700–1000 °C) produces light-burned magnesia, a reactive 

form, also known as caustic calcined magnesia. Although some decomposition of the 

carbonate to oxide occurs at temperatures below 700 °C, the resulting materials appear to 

reabsorb carbon dioxide from the air [11]. 

 

The use of MgO, With a low dielectric loss, shows a wide application in  

semiconductor systems. In addition, due to its low refractive index (n = 1.7), MgO is 

especially suitable as a buffer for epitaxial optical waveguide films [12]. Moreover, textured 

MgO thin films could provide a possible template for epitaxial growth of textured perovskite 

oxides. However, in spite of its growing relevance in science and technology, the 

understanding and control of the growth process of MgO thin films are limited so far, 

https://en.wikipedia.org/wiki/Calcination
https://en.wikipedia.org/wiki/Magnesium_carbonate
https://en.wikipedia.org/wiki/Magnesium_carbonate
https://en.wikipedia.org/wiki/Magnesium_hydroxide
https://en.wikipedia.org/wiki/Magnesium_chloride
https://en.wikipedia.org/wiki/Magnesium_chloride
https://en.wikipedia.org/wiki/Lime_(material)
https://en.wikipedia.org/wiki/Refractory
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especially the strain relaxation process. Strain relaxation in MgO thin films plays a 

pronounced role in influencing the crystal quality and subsequent performance in devices. 

 

The structure assigned to MgO can be regarded as a cubic close packing of O
-
 ion and 

all the octahedral sites are filled with Mg
+
 ions (Fig. I.1). Each O- ion is surrounded by six 

Mg
+
 ions and each Mg

+
 ions is surrounded by six O

-
 ions to produce 1:1 co-ordination. The 

radius ratio falls within the range of 0.41–0.73 A˚, which is the radius ratio of stable 

octahedral coordination. Existing high bond strength in ionic crystal is due to the strong 

electrostatic forces between ions and hence MgO an ionic crystal, exhibits hardness and high 

melting point and low electrical conductivity. Its structural, physical, optical and electronic 

properties are listed in Table I.1.  

 

Fig I.1: MgO crystal structure. 
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(a) (b) (c) 

Table I.1: Summary of Material properties of MgO [13] 

Property Parameters values 

Physical Crystal type 

Density 

Melting Point 

Boiling point 

Cubic 

3.85 g/cm
3 

2800 °C 

3600°C 

Chemical Color 

Chemical formula 

Molecular weight 

Number of atoms /cm
2
 

White 

MgO 

40.304 g/mol 

2×10
23

 

Optical Optical band gap eV 

Absorption coefficient/cm (2µm) 

7.2 

0.05 

Dielctric Dielctric constant 

Refractive index 

9.8 

1.739 

 

I.4 ZnO thin films 

 Zinc oxide 

Zinc Oxide is a II - VI compound semiconductor. It exists in natural form, under 

the name of "Zincite", but can also be synthesized artificially in solid form "ZnO bulk" 

with different colors depending to the impurities that it contains (Fig.I.2) [22]. 

 

Fig.I.2.ZnO bulk in natural form (a) and (b) and from hydrothermal synthesis (c). 
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Most of the group II–VI binary compound semiconductors crystallize in either cubic zinc 

blende or hexagonal wurtzite (Wz) structure where each anion is surrounded by four cations at 

the corners of a tetrahedron, and vice versa. This tetrahedral coordination is typical of sp3 

covalent bonding nature; but these materials also have substantial ionic character that tends to 

increase the band gap beyond the one expected from the covalent bonding [23]. 

I.4.1 Structural properties 

ZnO has a hexagonal close packing (HCP) structure called wurtzite. The structure of ZnO 

consists of alternating planes composed of O
2−

 and Zn
2+

 ions, which are tetrahedrally coordinated 

and stacked along the c-axis on an alternate basis (Fig. I.3). In addition, there are other structures 

such as cubic zinc blende and rock salt. Among them, wurtzite structure is the most common ZnO 

phase at ambient pressure and temperature [24].The zinc oxygen bond length is 0.1992 nm 

parallel   to   the c - axis and 0.1973 nm in the other three directions of the tetrahedral  

arrangement  of nearest  neighbours [25] 

 

Fig.I.3 ZnO unit cell (hexagonal close packing (HCP) structure type wurtzite. 

 

 

The unit cell parameters consist a and c which a = 0.325 nm and c = 0.5206 nm. 

 

In order to describe zinc oxide, hexagonal indices can be used based on a four coordinate 

system with indices (hkil) . This is more suitable for zinc oxide than the three coordinate 

system because of the source of possible confusion in assigning planes when equivalent planes 
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do not have the same indices. Possible confusion is avoided’ using the four coordinate system 

as equivalent planes are indicated by permutations of the first three indices. 

For example the three main reflections from the XRD spectrum of a polycrystalline 

powder sample of zinc oxide using the three coordinate system (hkl) are the (100),   (101), and 

the (002) planes. Under the four coordinate system the labels are the (1010), 

The (101 1) and the (0002). Note that (110) is not equivalent to (101) in the hexagonal Structure 

and this is explicit in the 4 coordinate system where these planes become 

 

(1 1 2 0 ) and (101 1) respectively. The following formula is used to convert from three to four indices [25]. 

𝑖 = −(ℎ + 𝑘) (I. 1) 

 

Another important characteristic of ZnO is polar surfaces. The most common polar 

surface is the basal plane. The oppositely charged ions produce positively charged Zn-(0001) and 

negatively charged O ( 0 0 0 1) surfaces, resulting in a normal dipole moment and spontaneous 

polarization along the c-axis as well as a divergence in surface energy. To maintain a stable 

structure, The polar surfaces generally have facets or exhibit massive surface reconstructions, but 

ZnO±(0001) are exceptions :they are atomically flat, stable and without reconstruction[26.27]. 

The internal stress in ZnO thin films is given by the following relationship: 
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Where, cbulk    is the unstrained lattice parameter of ZnO equals to 0.5206 nm, cfilm is the 

lattice parameter of the strained films calculated from X- ray diffraction data and C11 = 209.7 

GPa, C12 = 121.1 GPa, C13 = 105.1 GPa and C33 = 210.9 GPa are the stiffness constants of bulk 

ZnO[28]. 

I.4.2 Optical properties 

The important optical properties of ZnO thin 

film are: Transmission, 𝑇 

Reflection, 

𝑅 

Absorption

, 𝐴 

Refraction 

Index, 𝑛 

Extinction 

Coefficient

, 𝑘 Band 

Gap, 𝐸g 

Geometry 

Geometry is an extrinsic property which encompasses the physical attributes of the film, 

including thickness, uniformity and surface roughness. 

Transmission, reflection and absorption are intrinsic properties of the film dependant on 

the chemical composition; they are determined by the resultant two properties refractive index, 

extinction, band gap and geometry. The properties of ZnO that differentiate it from other 

semiconductors or oxides or render it useful in many applications: 

 Large exciton binding energy: ZnO has some significant advantages in its large free 

exciton binding energy (60 meV compared to 21-25 meV for GaN) [15, 16], that 

allows for efficient excitonic emission in ZnO can persist at room temperature and 

higher [15]. 

Since the oscillator strength of excitons is typically much larger than that of direct electron–hole 

transitions in direct gap semiconductors [17], the large exciton binding energy makes ZnO a promising 

material for optical devices that are based on excitonic effects. 

 Direct and wide band gap : ZnO has a band gap of 3.44 eV at low temperatures and 

3.37 eV at room temperature [18], which corresponds to emission in the UV region. This 

band gap is very close to that of GaN (3.39eV), and GaN has been the subject of much 

research over the past years, even being incorporated into the recent Blu-Ray drives. For 

comparison, the respective values for wurtzite GaN are 3.50 eV and 3.44 eV [19]. this 

enables applications in optoelectronics in the blue UV region, including laser diodes, 
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light-emitting diodes and photodetectors [20,21]. Optically pumped lasing has been 

reported in ZnO platelets [15], thin films [16], ZnO nanowires [22] and clusters consisting of 

ZnO nanocrystals [23]. Recently a many of reports on p–n homojunctions have appeared 

[24,25,26], but stability and reproducibility have not been established. 

I.4.3 Electrical properties 

 

As-grown ZnO has always been found to be n-type. It was always assumed that the dominant donor 

was either oxygen vacancy VO, or the zinc interstitial Zni, since most sample are grown under Zn-

rich conditions. However, Kohan et al [42] and Van de Walle [43] challenged this conclusion in 

2000 from different aspects. Kohan showed that both VO and Zni theoretically had high formation 

energies in n-type ZnO, and therefore neither VO nor Zni would exist in measurable quantities. 

Furthermore, it was also indicated that VO and Zni were deep donors, so even if one or other were 

present, its ionization energy would be too high to produce free electrons. Although other 

theoretical analysis suggested that Zni was actually a shallow donor [44, 45], and had been 

proven by electron-irradiation experiments [46], the high formation energy of Zni mentioned 

earlier still limited its ability to contribute to n-type conductivity. 

H.L. Ma and al said that: there are two reasons to explain the change of carrier mobility with Ts. 

On the one hand, the concentration of donor (Vo) increases with the rise of the Ts at a 

certain range. Hence, the scattering of carriers (Vo) is enhanced, which reduces the carrier mobility. 

On the other hand, the orientation of C-axis becomes stronger with increasing Ts. The 

probability of grain boundary scattering   for   the carriers moving parallel to the surface 

increases, and therefore, the   mobility paralleled to the surface direction reduces[47]. 

I.5 The thin films alloys 

           I.5.1 MgO-ZnO alloys 

ZnO is a large gap semiconductor, it is transparent in the visible and in the near 

infrared. It has a set of properties which allow its use in a certain number of applications such 

as for example a chemical sensor in thin layers [14].  

To enhance the efficiency, the electronic structure, ZnO can be alloyed with MgO to 

form a ternary MgxZn1-xO compound, thus, enabling bandgap engineering and luminescence 

in the UV regime [15] Often, the combination of these group-II oxides in alloys leads to 

crystal structure mismatch: undoped ZnO prefers the hexagonal wurtzite (B4) structure or the 

fourfold coordinated zinc-blende structure (B3), while MgO favors the cubic rock salt (B1) 
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structure at ambient conditions.[16, 17] Experiments have shown that MgxZn1-xO exhibits the 

(B4) structure for high ZnO concentration,[18] while preferring the B1 structure at high MgO 

concentration.[19] At intermediate concentrations, it exhibits phase separation [20] due to its 

compositional gradient, which often leads to a thermodynamically unstable crystal structure. 

In general, the isovalent and isostructural II–VI alloys are thermodynamically unstable 

because the mixing enthalpy in either the B1, B3, or B4 structure is always positive.[20,21] 

The difficulty in synthesizing stable phases of MgO–ZnO alloys has hindered the adequate 

exploitation of their promising properties for technological applications. This prompted 

earlier calculations on the stability of the MgxZn1-xO alloy system.[20,22] 

I.6 Elaboration methods of MgO-ZnO thin film 

 Thin films are generally used to enhance the surface properties of solids. 

Transmission, reflection, absorption, etc. permeation and electrical behaviour are only some 

of properties that can be improved by using a thin film. Thin film technologies are divided 

into PVD (Physical Vapour deposition) and CVD (Chemical Vapour deposition) processes 

(Table I.2). 

Thin film of all materials created by any deposition technique exhibits different features such 

as: 

- the beginning of a randon mucleation process followes by nucleation and growth 

stages. This stages are dependant on deposition conditions. 

- The nucleation stage can be modified significantly by external agencies, such as 

electron or ion bombardment. 

- Film microstructure, associated defect structure, and film stressdepend on the 

deposition conditions at the nucleation stage. 

- The crystal phaseand the orientation of the films ae governed by the deposition 

conditions. 

The basic properties of, such as film composiotion, crystal phase and orientation, film 

thickness, and microstructure, are controled by the deposition conditions end methods. 
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The MgO-ZnO films have been deposited by various methods including molecular beam 

epitaxy [27], sol–gel process [28- 31], successive ionic layer adsorption and reaction (SILAR) 

[32], ultrasonic spray pyrolysis (USP) [33,34], and ion beam assisted deposition [35]. 

 

Table I.2: Thin Film Deposition Techniques [36] 

Thin Film Deposition techniques 

Physical Vapour Deposition (PVD) Chemical Vapour Deposition (CVD) 

Thermal Process Athermal Process  

1)Thermal deposition 1) Direct current 

Diode sputtering 

1) Thermally activated CVD 

2)Electron Beam 

Deposition 

2) Radio Frequency 

sputtering 

2) Plasma Enhaanced CVD 

3)Molecular Beam 

Epitaxy deposition 

3) Magnetron 

sputtering 

3)Photo-assisted CVD 

4)Pulses Laser 

Deposition 

4) Unbalanced 

Magnetron Sputtering 

4) Metal organic CVD 

I.6.1 Physical vapour Deposition (PVD) 

Physical vapour Deposition technique is the transfer of atoms and molucules from a 

source to a substrate by a process that relies on physical methods to produce the vapour 

https://www.sciencedirect.com/science/article/pii/S0921452619303862#bib7
https://www.sciencedirect.com/science/article/pii/S0921452619303862#bib9
https://www.sciencedirect.com/science/article/pii/S0921452619303862#bib10
https://www.sciencedirect.com/science/article/pii/S0921452619303862#bib11
https://www.sciencedirect.com/science/article/pii/S0921452619303862#bib12
https://www.sciencedirect.com/science/article/pii/S0921452619303862#bib13
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species. Physical vapour deposition is carried out in high vacuum to avoid contamination of 

the film by ambient atmosphere [37]. 

I.6 .1.1 Molecular Beam Epitaxy (MBE): 

This process is base on the deposition of thermal beam of atoms of molecules on clean 

surface of a signle-crystalline substrate held at high temperature under ultra high vacuum 

conditions to form an epitaxial film [38].Figure I.2 shows a typical MBE system.MBE  is 

sophisticated and finely contrlled method for growing single-crystal epitaxial films in high 

vacuum. Limitations MBE are the expensive equipment and its complex operation[39] 

 

Fig I.2 : Molecule Bean Epitaxy (MBE) system.[38] 

 

I.6.2Chemical Vapour Deposition (CVD) 

The process by which the non-volatile products of a gas phase reaction are allowed to 

deposit onto a substrate is knows as chemical vapour deposition [39] the main feature of CVD 
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is its versatility for synthesizing both simple and complex compounds with relative ease. 

Fundamental principles of CVD encompass an interdisciplinary range of gas-phase reaction 

chemistry, thermodynamics, kinetics, transport mechanisms, film growth phenomena and 

reactor engineering [40]. The advantages of CVD include high deposition rate, low price and 

lexibilityin composition control. However, due to high deposition temperature, CVD is not 

suitable for substrates which are thermally unstable at high teperatures[41] 

I.7 Applications 

The modification of the surface of a substrate permit to couple its properties and the 

properties of the surface material (deposited). The modification of the surface of a substrate 

gives it one or more additional physicochemical properties (resistance to corrosion, electrical 

insulation, etc.): the use of a low added value substrate leads to deduct manufacturing costs 

while having the required physical and chemical surface properties. 

 The first surface modifications had an aesthetic purpose (painting, gold plating ...) 

while more technical applications concerned metallurgy [ref]. 

During the 20th century, more sophisticated applications diversified in the following 

fields: [ref] 

Microelectronics: it was able to develop from the 1960s through the implementation 

of layers becoming thinner conductive or insulating, and can be found subtypes passivating 

layer (electronic contact), PN junction, diode, transistor, material piezoelectric, LED lamp, 

superconductor, 

Optic: while retaining the aesthetic applications, the optical applications of the layers 

were used to develop more effective radiation sensors, such as anti-reflection layers in solar 

cells, mirror glass, anti-reflection treatment of camera lenses, photo-detection , flat screen 

displays, ophthalmic applications, optical guide (energy controls - architecture, vehicles, 

energy conversion, etc.) 

Mechanic: tribological coatings (dry lubrication, erosion, abrasion; diffusion 

barriers...) 
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Chemistry: the main applications of surface coatings are oriented towards better 

corrosion resistance by the creation of a waterproof film (corrosion resistance), gas sensor, 

catalytic coatings, protective layers, 

Thermal: the use of a thermal barrier layer decreases for example the surface 

temperature of the metal of the fins of the reactors thus making it possible to improve the 

performances of the reactors (increase in the internal temperature), 

Biology: biological micro sensors, biochips, biocompatible materials ... 

Micro and nanotechnologies: mechanical and chemical sensors, microfluidics, 

actuators, detectors, adaptive optics, nano photonics… 

Magnetic: information storage (computer memory), security devices, sensors ... 

Decoration: watches, glasses, jewelry, home equipment, etc. 

I.8 Conclusion 

Magnesium oxide and Zinc oxcide (MgO,ZnO) seems to have many interesting 

properties as MgO-ZnO thin films such as high electrical resistivity, high optical 

transparency, good chemical resistance, excellent thermal and thermodynamic stabilities, high 

secondary electron emission stability, low dielectric constant and low refractive index. These 

unusual properties caused that MgO-ZnO films have been widely used in a lot of applications. 
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II.1. Introduction 

In this study , a new route to produce pure and composite ZnO-MgO thin films has been 

presented .In the process the pure ZnO thin films were the starting point, ending up with MgO 

by doping various concetration of Mg with the help of  spray pyrolysis technique .The crystal 

phases in all doping levels have been obtained when the samples annealed at 450 C°.The X-

ray diffraction spectra, the scanning electron microscopy micrgraphs and UV-Vis absorption 

spectra have been performed to elucidate the composed film structures. 

II.2. Elaboration  

The principle of the spray pyrolysis method (or spray pyrolysis or also pyrolytic 

spraying) consists in mechanically spraying a solution of precursors chemicals, containing the 

different constituents of the compound ZnO (zinc acetate and mannesium acetate 

(Mg(CH3COO)2 • 4H2O) on substrates arranged on a substrate holder heated. After spraying 

the solution, a chemical reaction occurs on the hot surface (substrate), which provides a thin 

layer of ZnO-MgO after evaporation elements of the reaction (volatile elements). 

In our work, we have studied the  effect of concentration on the physical properties of the 

elaborated MgO-ZnO thin). The different layers were produced on glass substrates heated to 

temperature of 450 ° C. 

II.3. Spray pyrolysis technique (SPT) 

Spray pyrolysis is a technique widely used to prepare materials in different forms: thin, 

thick, dense, porous and even deposits multilayer and ceramic coatings can be prepared using 

this technical [1]. The principle of this technique is based on the formation of droplets of a 

solution containing the different constituents of the compound transported by a flow to be 

deposited on a substrate heated by a heating system to temperatures appropriate (activation of 

the chemical reaction between compounds). Thus the solvent evaporates and the other 

elements react to form the final compound (hence the name pyrolysis: "pyro" for heat and 

"lysis" for decomposition). This experience may be carried out under a normal atmosphere 

[2]. .  
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                       Figure II.1: Experimental diagram of the spray pyrolysis process [3]. 

 

II.4. The advantages of the spray pyrolysis technique 

The droplet size is 5 µm; it is ≈ 40 µm in the case of the ultrasonic spray and 30 µm for 

the sol-gel. 

-It allows good control of the chemical composition of the material. 

-We can use several products at the same time, in particular for doping [4]. 

II.5. Experimental procedure 

II.5.1. Preparation of the substrate  

The structural properties of the layer to be deposited are strongly linked to the nature of 

the substrate. Thus a thin layer of the same material, of the same thickness may have 

significantly different physical properties depending on whether it is deposited on a substrate 

amorphous insulator such as glass, a monocrystalline silicon substrate for example, or a 

conductive substrate such as ITO (indium tin oxide) [5]. 

II.5.1.1. Choice of deposition substrate 

The choice of substrates is dictated by: 

 Adhesion: The solution should adhere to the substrate. 
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 Physical properties: the physical properties of the substrates must be in agree with 

the type of study you want to conduct, for example: 

 For the study of the optical properties of wave guiding it is imperative to 

choose a substrate with a refractive index lower than that of the material to 

be deposited [6]. 
Some applications require the use of conductive substrates such as ITO while others ask for insulating 

substrates like glass. In our work, we used glass substrates. 

II.5.1.2. Cleaning of substrates   

    As we have mentioned, these substrates require special preparation in order that they serve 

as a support for the deposit.  

      Cleaning the substrates is a very important step which takes place in a place clean, 

because this step determines the qualities of adhesion and homogeneity of the layers filed.  

      The substrates must be free from grease, scratches and impurities such as dust. The 

procedure for cleaning the substrates that we have chosen is the following: 

 Soap cleaning 

 Rinsing with distilled water 

 Cleaning with methanol 

 Finally, drying with an optical paper [7]. 

 
II.5.2. Preparation of the solution 

In this work we used the following precursors: zinc acetate (C4H6O4Zn.2H2O), as source material 

which we dissolved in water , we get [ZnO] = 0,1 mol/l ,and we dissolve mannesium acetate 

(Mg(CH3COO)2 • 4H2O)  in water, we obtain [MgO] = 0,1 mol/l. 

We take 70 ml of Mgo and 30 ml of ZnO , then stir for 2 hours to obtain a homogeneous solution. 
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Table II.1: The experimental conditions for the production of ZnO-MgO thin films. 

Precursors Concentration of solution 

M 

La masse T C° 

Zinc acetate 

(C4H6O4Zn.2H2O) 

 

 

0,1 

 

1.363 g 

 

 

450C° 

Magnesium acetate 

(Mg(CH3COO)2 • 4H2O) 

 

 

0,1 

 

2.032 g 

 
 

 

 

 

 

  

 

 

 

 

                       

Figure II.2 Flow chart of Spray pyrolysis method for preparation of MgO-ZnO  thin films. 
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II.5.3. Preparation of the substrate 

A) Glass Substrates 

During this study, spray pneumatic MgO-ZnO thin films were deposited on glass 

substrates (see Figure II.2).Which have a length of 2.5cm and a width of 2.5cm the choice of 

glass for these reasons: 

 The thermal compatibility with MgO and ZnO  (thermal dilation coefficients are 

α glass =8.5x10
6 

K
-1

, to minimize the constraints with the interface 

film/substrate, 

 For their transparency which adapts well for the optical characterization of films 

in the visible one. 

 For economic reasons. 

In order to obtain good adherence and uniformity for the films.  

 

 

 

 

 

 

Figure II.3 Glass Substrates 

 

 

B) Substrate Cleaning Process  

The adherence and the quality of the depot repose on purity and the state on substrate 

thus the cleaning of the substrate is one of the most important steps to remove any 

contaminated organic compounds, the cleaning of our substrates surfaces is as follows: 

 The substrates are cut using a pen with diamond point. 

 Washing with soap solution to clean any dusts or attachments.  

 Washing with distilled water to remove soap, and then with acetone during 2 min. 

 Rinsing with distilled water again. 
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 Washing with ethanol during 2 min at ambient temperature. 

 Cleaning in water distilled bath. 

II.6. Thin Film Deposition  

     The deposition procedure comes immediately after the preparation of the substrates 

and solutions and is presented in several stages: 

    The substrates are placed above a substrate holder and to avoid thermal shock from 

substrates the substrate holder is gradually heated from room temperature gradually up 

to the temperature chosen for the deposits (450 ° C). Very droplets fines are sprayed 

onto the heated substrate which causes, by pyrolysis, the activation of the chemical 

reaction between the compounds, the solvent evaporates due to the reaction 

endothermic of the two compounds forming the thin layer. At the end of the deposit 

process, we stop heating and allow the substrates to cool above the substrate holder 

until the ambient temperature, in order to avoid thermal shocks which risk breaking 

the glasses, and then we collect our samples (Table 2). 

 

Table II.2: Preparation of solutions at different constration 

 

N° MgO ZnO MgO-ZnO   T C° 

S1 
0% 100% 20 ml(ZnO)  

 

  450 C° 
S2 30% 70% 6 ml(MgO) + 14 ml (ZnO) 

S3 50% 50% 10 ml(MgO) + 10 ml (ZnO) 

S4 70% 30% 14 ml (MgO) + 6 ml (ZnO) 

S5 100% 0% 20 ml (MgO) 
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II.6.1. Charaterization of the films: 

 

The microstructure, electrical and optical properties of Magnesium acetate and Zinc acetate 

thin films were evaluated using different characterization techniques such as: 

 Ultraviolet visible spectroscopy, for the determination of transmittance and the optical 

gap and the refraction index of films. 

   The electrical characterization was measured the electrical conductivity by the mean 

of four points. 

A brief introduction for each characterization technique will be provided in the following 

section. 

II.6.2. Structural characterizations 

      This study made by X-ray diffraction aims to specify the structure and the 

crystallographic growth directions of the layers, to measure the parameters of mesh size and 

crystallite size. It should also make it possible to examine the state of the constraints in the 

depots 

                                    

        II.6.3.Electrical Conductivity Measurement: 

The four-point probe is a very versatile device used widely for the investigation of 

electrical phenomena. The effect of the contact resistance could be eliminated with the use of 

such configuration. The most common in-line configuration has been adopted in this work 

(see figure II-5).   

 
 

Figure II-4: Schematic of in-line four-point probe configuration 
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In the measurement, the four metal tips have been attached to the test sample. A high 

impendence current source of I = 0.5 μA has been used to supply current through the outer 

two probes; a voltmeter measured the voltage V across the inner two probes. The probe 

spacing was 1 mm. Consequently, the sheet resistance of the film is derived from the formula 

[3]: 

𝑅    
 

      
 

 

 
                                                              (II.1) 

where the factor of π/ln2 is on account of the effect of the current extending. If the film 

thickness is known, the resistivity is readily obtained from [3]: 

  𝑅                                                                        (II.2) 

where d is the film 

thickness. The mean value of 

three measurements has been 

taken in order to reduce the 

measuring error [4]. 

 

 Figure II. 5  Experimental 

dispositif. 

  

 

 II.6.4. Optical characterization 

     The optical techniques which characterize thin films are numerous such as: 

A) Visible spectroscopy: Is a technique based on the interaction of 

electromagnetic radiation and matter in the near UV to very near range IR. 

This technique makes it possible to determine the optical constants of the 

material studied (the rate transparency, the absorption coefficient, the optical 

gap and the extinction coefficient) [8]. 
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                                    Fig II.6 : Ultraviolet-visible spectrophotometer [9] 

  

B) Principle of ultraviolet-visible absorption 

      Principle of UV-Visible Spectroscopy. The Principle of UV-Visible Spectroscopy is based 

on the absorption of ultraviolet light or visible light by chemical compounds, which results in 

the production of distinct spectra. Spectroscopy is based on the interaction between light and 

matter [10]. 

 

 

                       Figure II. 7 :  The principle of operation of UV-visible 
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II.7. Conclusion 

      In this chapter we have presented the deposition and characterization technique adopted in 

our study. We recalled the principle of spray deposition and then presented the deposition 

system that we carried out in the laboratory, after we described the different characterization 

techniques used to analyze and determine the different optical and electrical properties of the 

films produced. 
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III.1. Introduction 

Zinc oxide (ZnO) is one of the metal oxides and it is very free from harm to humans and 

the environment, and it is one of the most important oxides widely used in all scientific and 

technological applications because of its high transparency and good electrical conductivity. 

However, transparent conductive of ZnO thin films have been attracted significant attention in 

optoelectronic and piezoelectric devices [1]. Among these applications, MgO is appropriate 

for UV photodetectors and n-type electrical conductivity [2]. ZnO has been intensively 

studied as a promising material for organic solar cells because of its wide bandgap in the 

range of 3.3 – 3.4 eV, and high stability that are similar to NiO [3].    

The aim of this work is to obtain a thin film with good physical characterizations for 

photovoltaic applications. We have prepared the MgO-ZnO thin films on the glass substrates 

using a spray pneumatic technique, the films were prepared at several rate solustions of MgO-

ZnO are (0%+100%), (30%+70%), (50%+50%), (70%+30%), (100%+0%) of MgO-ZnO at a 

deposition temperature of 450 °C. The effect of rate solutions of MgO-ZnO on optical, 

electrical and structural characterizations has been studied.  

III.2 Experimental procedure 

Figure III.1 presents the protocol of the experimental setup for deposit MgO-ZnO thin 

films [4-6], which was based on the spraying MgO-ZnO solution on a heated glass substrate 

at 450 °C. In this work, we have fixed the distance between the heated glass substrate and the 

spray solution in the gun nozzle to 3.5 cm. then we have studied the effect of rate solutions of 

MgO-ZnO on optical, electrical and structural characterizations has been studied. 

 

                       Figure III.1: Experimental diagram of the spray pyrolysis process.. 

 



 

37 
 

ZnO spray solutions have been obtained by dissolving the powder of (Zn(CH3COO)2, 

2H2O) in the absolute ethanol solution (99.995%) purity, for stabilization we have added 

drops of NaOH solution into the mixture solution of ZnO, then stirred for 180 min at 50 °C to 

the transparent solution (see Table III.1). 

MgO spray solutions have been obtained by dissolving the powder of (Mg(CH3COO)2 • 

4H2O) in the absolute ethanol solution (99.995%) purity, for stabilization we have added 

drops of NaOH solution into the mixture solution of MgO, then stirred for 240 min at 30 °C to 

the transparent solution (see Table III.1). 

Table III.1: The experimental conditions for the production of ZnO-MgO thin films. 

Precursors Concentration of 

solution M 

La masse T C° 

Zinc acetate (C4H6O4Zn.2H2O) 

 

0,1 1.363 g  

 

450C° Magnesium acetate (Mg(CH3COO)2 • 

4H2O) 

0,1 2.032 g 

The MgO-ZnO thin films have been characterized in order to get the physical properties 

such as optical, structural and electrical. The crystalline structure of fabricated films were 

obtained by X-ray diffraction (Bruker-XRD AXS-8D, λCuKα = 0.15406 nm with 2θ varying 

between 20 ° and 80 °). The optical transmittance of fabricated ZnO thin films was measured 

by an UV-visible (35-LAMBDA UV) in the range of 300–900 nm. All characterizations have 

been made at stable conditions. All measurements were required at room temperature (RT). 

III. 3 The structural characterizations 

The analytical results of X-ray diffraction of fabricated MgO-ZnO thin films grown at 

several MgO-ZnO spray solutions are shown in Figure III.2. The fabricated MgO and ZnO 

with 0.1 M (see Figure III.2). We have observed a different crystal peaks that could be 

detected in the fabricated thin film, it was identified as (002) and (102) crystal peaks for the 

ZnO phase at diffraction angle are 34.51 and 36.36° respectively [7], the film exhibit a 

polycrystalline of the hexagonal wurtzite structure of ZnO, the preferred orientation of c-axis 

was observed for (002) crystal plane. However, it was observed as (111), (200), (102) and 

(311) crystal peaks for the MgO phase at diffraction angle are 38.1, 47.4, 63.4 and 73.3° 

respectively [8]. Moreover we have observed a another phases of MgO it are MgOH and 

Mg(OH)2. 
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Figure III. 2 the XRD spectrum of MgO-ZnO thin films deposited at several MgO and ZnO 

spray solustions. 
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The detailed of crystalline structure information of fabricated ZnO thin films was 

presented to calculate the grain size of fabricated ZnO thin films. The Grain size G(002) was 

determined by applying the Scherer’s equation [9]: 





cos

9.0
G                                                                                         (1) 

Where  ,  ,  and  G are the diffraction angle of the crystal peak, FWHM, the longer of 

the X-ray wavelength, and the measured grain size, respectively.  

The average mean strain for the lattice along the a and c-axis in the randomly oriented 

has been estimated from the lattice parameters using the equal below [10-14]: 

 %  100   
0

0 



c

cc
                                                                                 (2) 

 %  100   
0

0 



a

aa                                                                                 (3) 

Where  is the mean stress of deposited thin films (see Tables III.2 and III.3), a and c 

the lattices constant of MgO and ZnO thin films, respectively, And a0 and 0c  the lattice 

constant of bulk (standard).  

The variation of the grain size, Bragg angle, the full width at half-maximum FWHM, 

lattice parameters c anda, and the strain crystal plane were measured as a function of rate 

solutions of fabricated MgO-ZnO thin films at several MgO and ZnO solution precursor 

molarities, it are presented in Tables III.2 and III.3, the measured grain size of ZnO thin films 

was increased with decreasing ZnO solutions in the final solution.  And the grain size of MgO 

increased with increasing the MgO solution.  
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Table III.2 Bragg angle 2 , the full width at half-maximum FWHM , the grain sizeG, 

lattice parameters c anda, and the strain  for (0 0 2) crystal plane of ZnO were measured 

as a function of rate solutions. 

rate solutions 2
(deg) 

 (deg)   G(nm) c (A°) a(A°)  (%) 

0%MgO+100%ZnO 35.2 0.421 19.9 5.0111 3.312 -0.11 

30%MgO+700%ZnO 34.7 0.129 65.1 5.0253 3.272 -0.03 

70%MgO+50%ZnO 34.8 0.121 69.4 5.0284 3.268 +0.04 

70%MgO+30%ZnO 34.9 0.110 76.2 5.0291 3.245 +0.07 

100%MgO+0%ZnO - - - - - - 

 

 

 

Table III.3 Bragg angle 2 , the full width at half-maximum FWHM , the grain sizeG, 

lattice parameters c anda, and the strain  for (200) crystal plane of MgO were measured 

as a function of rate solutions. 

rate solutions 2
(deg) 

 (deg)   G(nm) c (A°) a(A°)  (%) 

0%MgO+100%ZnO - - - -  - 

30%MgO+700%ZnO 48.15 0.425 19.75 - 4.213 -0.011 

70%MgO+50%ZnO 48.15 0.388 21.63 - 4.238 +0.025 

70%MgO+30%ZnO 48.15 0.364 23.23 - 4.321 +0.036 

100%MgO+0%ZnO 48.15 0.347 24.17 - 4.334 +0.084 
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III. 4 The Optical characterizations 

The optical transmission of fabricated MgO-ZnO thin films was determined as a 

function of longer of the wavelength is presented in Figure III3 shows the optical transmission 

of fabricated MgO-ZnO thin films obtained at several MgO and ZnO solution, the thin films 

were fabricated at low substrate temperatures is 450 °C. As can be seen, in the visible region 

the transmission of the thin films is about 80%. Figure III.4 show the absorbance variation of 

MgO-ZnO thin films obtained at several MgO and ZnO solution.  

 

 

Figure III.3 Optical transmission of fabricated MgO-ZnO thin films at MgO and ZnO spray 

solustions. 
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Figure III.4 Optical Absorbance of fabricated MgO-ZnO thin films at MgO and ZnO spray 

solustions. 

 

The band gap energy (see figure III.5) of fabricated the thin films have been derived 

from the direct transitions of inter-band in the valence band and conduction band, it was 

determined by following equation [2-5,14]: 

)(2)( gEhCAh                                                                            (4) 

where A is the absorbance, Cis a constant, h  is the photon energy and gE is the band 

gap energy of the thin films. However, the tail width can be calculated using the Urbach 

energy (see figure III.6) for the absorption coefficient at lower photon energy [7,8, 15,16]: 











uE
h

AA


exp0
                                                                                   (5) 

where 0A  and uE are a constant and the Urbach energy of thin films. 
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Figure III.5 Variation of (Ahn)
2
 for measurments of the band gap energy  

 

 

Figure III.6 Variation of LnA for measurments of the Urbach energy.  
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Reported in Figure III.7 the variation of the band gap energy gE  and Urbach energy 

uE  at several additions of MgO solutions, as seen, we note that the higher the MgO, the 

values are opposite caused by the absorption region, which is greatly decreased in this region. 

We have obtained good band gap energy and lowest Urbach energy for the thin film 

fabricated 100% MgO and 0% ZnO, which were 3.23 eV and 155 meV, respectively (see 

Table III.4). The decrease of the band gap energy with the decrease of the Urbach energy can 

be explained by the decrease of the defects, this attribution was obtained in the increase of the 

grain size (see Tables III.2 and III.3). 

 

Figure III.7 Variation of bandgap energy and Urbach energy of fabricated MgO-ZnO thin 

films at several addition MgO solutions. 

Table III.4 Variation of bandgap energy and Urbach energy of fabricated MgO-ZnO thin 

films at several addition MgO solutions. 

rate solutions Eg (Ev) Eu 5meV)   

0%MgO+100%ZnO 3.45 425 

30%MgO+700%ZnO 3.05 280 

70%MgO+50%ZnO 3.23 155 

70%MgO+30%ZnO 3.20 170 

100%MgO+0%ZnO 3.18 190 
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III.5 Conclusion 

In this work, MgO-ZnO thin films were successfully fabricated on the heated glass 

substrates using a spray pneumatic method with several MgO and ZnO solutions of 

(0%+100%), (30%+70%), (50%+50%), (70%+30%), (100%+0%) of MgO-ZnO. The 

fabricated MgO-ZnO thin films have a good crystalline structure. The average transmission is 

about of 80 % in the visible region. We have obtained good band gap energy and lowest 

Urbach energy for the thin film fabricated 100% MgO and 0% ZnO, which were 3.23 eV and 

155 meV, respectively (see Table III.4). The decrease of the band gap energy with the 

decrease of the Urbach energy can be explained by the decrease of the defects, this attribution 

was obtained in the increase of the grain size (see Tables III.2 and III.3). 

 

References 

[1] A. Diha, S. Benramache, L. Fellah, J. Nano- Electron. Phys. 11 (2019) 03002. 

[2] S Benramache, B Benhaoua, Open Physics 14 (2016) 714-720 

[3] X. Fu, Z. Song, G. Wu, J. Huang, X. Duo, C. Lin, 16, 277–281 (1999) 

[4] M. C. Paganini, M. Chiesa, F. Dolci, P. Martino, E. Giamello, J. Phys. Chem. B 110, 

11918 (2006). 

[5] J. Kramer, W. Ernst, C. Tegenkamp, H. Pfnür, Surf. Sci. 517,87 (2002); J. Kramer, C. 

Tegenkamp, H. Pfnür, Phys. Rev. B 67, 235401 (2003). 

[6] H. M. Benia, P. Myrach, N. Nilius, H.-J. Freund, Surf. Sci. 604, 435 (2010). 

[7] S. Benedetti, H.M. Benia, N. Nilius, S. Valeri, H.J. Freund, Chem. Phys. Lett. 430, 330 

(2006) 

[8] A.M.E. Raj, V.B. Jothy, C. Ravidhas, T. Som, M. Jayachandran, C. Sanjeeviraja, Radiat. 

Phys. Chem. 78, 914–921 (2009) 

[9] V. Dhanasekaran, T. Mahalingam, J.-K. Rhee, J.P. Chu, Optik 124, 255–260 (2013) 

[10] R. Chandramohan, V. Dhanasekaran, S. Ezhilvizhian, T.A. Vijayan, J. Thirumalai, A. 

John Peter, T. Mahalingam, J. Mater. Sci. Mater. Electron. 23, 390–397 (2012) 

[11] G. Ertl, H. Knozinger, J. Weitkamp (eds.), Handbook of heterogenous catalysis. 4, 

Wiley–VCH, Weinheim, 2111 (1997) 

[12] A. Sanchez et al., J. Phys. Chem. A 103, 9573 (1999); H. Häkkinen, S. Abbet, A. 

Sanchez, U. Heiz, U. Landman, Angew. Chem. Int. Ed. 42, 1297 (2003); B. Yoon et al., 

Science 307, 403 (2005). 



 

46 
 

[13] Pryds N, Cockburn D, Rodrigo K, Rasmussen IL, Knudesn J, Schou J:. Appl Phys A 

2008, 93: 705–710. 10.1007/s00339-008-4700-2 

[14] Paranjpe A, IslamRaja M: J Vac Sci Technol B 1995, 13: 2105–2114. 

[15] Chen, WC., Peng, CY. & Chang, L. Nanoscale Res Lett (2014) 9: 551.  

[16] P.K. Samanta, M. Das, N.K. Rana, J. Nano- Electron. Phys. 11 (2019) 01028.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

47 
 

 

 

 

General 

Conclusion  

 

 

 

 



 

48 
 

General Conclusion  

In conclusion, highly transparent MgO-ZnO thin films have been deposited on glass 

substrate by spray pneumatic method. The influence of MgO and ZnO solutions on optical 

and structural properties was investigated.  

In this work, MgO-ZnO thin films were successfully fabricated on the heated glass 

substrates using a spray pneumatic method with several MgO and ZnO solutions of 

(0%+100%), (30%+70%), (50%+50%), (70%+30%), (100%+0%) of MgO-ZnO.  

The fabricated MgO-ZnO thin films have a good crystalline structure. The average 

transmission is about of 80 % in the visible region. We have obtained good band gap energy 

and lowest Urbach energy for the thin film fabricated 100% MgO and 0% ZnO, which were 

3.23 eV and 155 meV, respectively. The decrease of the band gap energy with the decrease of 

the Urbach energy can be explained by the decrease of the defects, this attribution was 

obtained in the increase of the grain size (see Tables III.2 and III.3). 

 

The best estimated optical and electrical characterisation MgO-ZnO thin films are 

achieved in prepared MgO-ZnO thin films with 70%+30% respectively. 
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ABSTRACT: Study the effect of concentration on the physical properties of the 

elaborated MgO-ZnO thin film 

                 In this study, a new route to produce pure and composite ZnO-MgO thin films has 

been presented. In the process the pure ZnO thin films were the starting point, ending up with 

MgO by doping various percentages (from 0% to 100%) of Mg with the help of the spray 

pyrolysis method  . The crystal phases in all doping levels have been obtained when the 

samples annealed at 450˚C for a duration of 1 hours. The X-ray diffraction (XRD) spectra, the 

scanning electron microscopy (SEM) micrographs and UV-Vis absorption spectra have been 

performed to elucidate the composed film structures. 

Mots clées : Zinc oxide (ZnO) - Magnesium oxide (MgO) - Sray ultrasonique - Concentration de la solution - 

Temperature de substrat - Percentage d’étain - Temperature de recuit. 

 

 . انًطىرة MgO-ZnO انزلٍمت نهطبمت انفٍزٌبئٍت انخىاص عهى انخزكٍز حأثٍز دراست :ملخص 

 كبنج ، انعًهٍت هذه فً. وانًزكبت اننمٍت انزلٍمت ZnO-MgO أغشٍت لإنخبج جذٌذ طزٌك حمذٌى حى ، انذراست هذه فً          

 إنى٪ 0 ين) يخخهفت بنسب انًنشطبث حعبطً طزٌك عن MgO يع وانخهج ، انبذاٌت نمطت هً اننمٍت انزلٍمت ZnO أغشٍت

 يسخىٌبث جًٍع فً انبهىرٌت الأطىار عهى انحصىل حى. ببنزش انحزاري الانحلال طزٌمت بًسبعذة Mg ين٪( 000

 انسٍنٍت الأشعت حٍىد أطٍبف إجزاء حى. واحذة سبعت نًذة يئىٌت درجت 050 حزارة درجت عنذ انعٍنبث حهذٌن عنذ انًنشطبث

(XRD) الإنكخزونً نهًسح انًجهزٌت وانًٍكزوسكىببث (SEM) ايخصبص وأطٍبف UV-Vis انفٍهى هٍبكم نخىضٍح 

 .انًكىنت

 : الكلمات المفتاحية

، انزش فىق صىحً ، حزكٍز انًحهىل ، درجت حزارة انًسنذ ، نسبت   (MgO)أكُسٍذ انًغنٍسٍىو، (ZnO)أكسٍذ انزنك 

 انمصذٌز ، درجت حزارة انخهذٌن .

 

 

 

 

 


