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General Introduction 

  

      Thin films have been historically used for more than a half century in optical coatings, 

making electronic devices, instrument hard coatings, and decorative parts. 

     The thin film is a traditional material technology. However, is still being developed on a 

daily basis since it is a key in the twenty-first century development of new materials such as 

nanometer materials. 

     One of interested thin films is transparent conductive oxides (TCO); they have received great 

attention from researchers because of their dual characteristic of both high transparency in the 

visible range of light and good conductivity close to that of metals.  Such as cadmium telluride 

and copper oxide (I), zinc oxide (ZnO), indium oxide (In2O3)..., etc). 

     Copper oxide possess two phases of copper oxide I and copper oxide  II which are 

extensively attracting many researcher attention, and it belongs to a p-type semiconductor 

category and p-n heterojunction of n-type materials. Its p-type conduction arises from the 

presence of holes in valance band due to the process of doping or annealing. CuO is for 

promoted for solar energy harvesting because of its smaller optical band gap and it can absorb 

the whole spectrum of visible light, in addition to bemore stable in atmospheric air, gas sensors. 

Copper oxide thin films is the one of the best material in photovoltaic devices such as light 

emitting diode and electrode materials for battery and catalysis, and  it is non-toxicitic, low 

cost, natural abundance, easy processing.  

      In order to improve CuO optical and electrical properties, researchers study the possibility 

of doping using different elements. Many studys shows that Baruim and lanthanum are effective 

enhance of optical and electrical properties of many semiconductors, thereby the choice of La 

and Ba for doping copper oxide in the present study. 

    The objective of this work is the development of copper oxid thin films doped whith  baruim  

and lanthanum deposited on a glass substrates by spin coating, and the study of the influence 

of the  Ba, La dopant on CuO thin films optical and electrical properties.  

    The dissertation is divided in three chapters in addition to the general introduction and 

conclusion:          

    In the first chapter, we present a background about transparent conductive oxides, kinds, 

propeties and applications, a particular kind, application and then we talk about of definition 

technique of growth principle of thin films and principle deposition focusing on copper oxide. 

Then we mention the dopent we used. Then we talk about the previous studies La and Ba. 

   The second chapter presents the experimental details and characterization techniques, which 

were used in this study. It includes knowledge about the chemical components and methods 

involved in the preparation and characterisation of doped and undoped CuO thin films. 
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     The third chapter is devoted to study the influence of the Ba, La doped on CuO thin films 

optical and electrical properties. It contains summarizes the results of thase study and 

discussion. 

    Finally, we and with a general conclusion displays the most important results obtained in this 

work. 
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I.1 Introduction  

    In this chapter, we will present a background the properties of transparent conductive oxides, 

kinds and applications, focused on copper oxide on which we investigated. Then we mention 

the dopent we used. Then we studied the thin films in terms of definition and techniques growth, 

principle of deposition.   

I .2. Transparent conducting oxides  

         I .2.1 Definition of transparent conducting oxide  

    Transparent conducting oxides is a semiconductor compound with oxygen, and has a certain 

transparenc, Such as copper oxide (CuO), nickel oxide (NiO) and zinc oxide (ZnO). [1] 

   Transparent conductive oxides they have white energy separation, and have good 

conductivity and they have a wide energy separation and have a good electrical conductivity 

and they are transparent in the visible range. [2]  

    They are metallic oxides consisting of metal atoms and oxygen atoms and are symbolized by 

MxOy, where M represents the chemical symbol for metal, and O the chemical symbol for 

oxygen and x, y are natural numbers. [3] Metal oxides may be simple, meaning they contain 

one metal, or they may be complex, meaning they contain more than one metal. Table (I-1) 

shows some examples of these oxides. [4] 

Table (I.1): Simple and compound oxides. 

simple oxides CuO ZnO NiO 

compound oxides BaTiO3 CdInO4 Cnd2SnO4 
 

       I.2.2 The structure of transparent conducting oxides : 

    Materiels generally classified in terms of their electrical conductivity into three classes: 

conductors, semiconductors, and insulators. [5]   

 Conductor: An overlap between the transport band and the valence band, which allows 

free electrons to move. 

 Semiconductors: A forbidden band separates the valence and transport bands. 

 Insulators: Have an energy gap greater than 5ev. 
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 Figure (I.1): State conductor, semiconductor and insulator daiagram.[6] 

           I.2.2.1 Transparent conducting oxides in the intrinsic states    

    Pure semiconductors without impurities are called self-semiconductors from an ideal point 

of view, the valence band will be completely filled with electrons, while the transport band will 

be completely empty of electrons at zero temperature, and for this reason, semiconducting 

materials are considered insulators in this states. [7] 

   On the other hand, a transparent carrier oxide is freestanding or pure when it satisfies this 

condition (n = p = ni). 

   Which represents self-focusing, and in order to improve the electrical conductivity, the 

number of charge carriers is raised  by impurities sites for donors and takers, which is related 

to the parity of the grafts or cultivation sites (donors or takers), and we obtain the conductivity 

of type (N) or type (p)[8] . The impurity atoms in the crystal lattice exist in two states, either 

they occupy atomic sites of the lattice and are known as substitutional impurities, or between 

atomic sites and are known as interstitial impurities.  [9] 

        I.2.2.2 Transparent conducting oxides in The doped states  

   The conductivity of pure semiconductors can be increased by adding trivalent or pentavalent 

impurities to the pure semiconductor material carefully and at a controlled rate. The semi-carrier 

is divided into two types, according to the impurities added to it 

 Type n: In this type of transparent conductive oxides, electrons are the majority charge 

carriers, and in the pure state most of the  known TCOs are of  type-n-, and thus are 

most commonly used in practical applications. 

 Type p: Many applications require a type-p- transparent conductive oxide. Therefore, 

there have been large studies in the recent period in order to make this type of (TCO). 

An advantage of this type is that holes are the predominant charge carriers. Table (I-2) 

shows some transparent oxides .[10] 
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Table (I.2): Some transparent oxides. [3] 

TCO type n TCO type p 

SnO2 PdO 

Ta2O5 Ag2O 

In2O3 BaTiO3 

TiO2 TeO2 

ZnO NiO 

WO3 La2O3 

 

 

Figure (I.2): Energy band in the pure (a) and doped state (b). [11] 

        I.2.3 Characteristion of transparent conducting oxides  

   Transparent conducting oxides are considered semiconductors, and they possess a large 

number of characteristics that make them extremely important in scientific applications, and 

the most prominent of these characteristics are the following: [12] 

 High transparency at visible wavelengths (400 - 800 nm). 

 Its electrical conductivity increases with increasing temperature, and these characteristic 

is one of the characteristics that distinguishes it from other conducting materials, and at 

low temperatures it becomes semi-insulating. 

 The semiconductor has a high sensitivity that may lead to an increase in its conductivity 

when it contains impurities or defects. 

 They can result in one type of charge carrier and this means the decrease or 

disappearance of the other type. 

        I.2.2.1 Electrical properties of transparent conducting oxides  

   We explain the specific electrical properties of TCO films by the basic theory of electrical 

transporant phenomena in thin film semiconductor. 

   Transfer phenomenon is the movement of charge carriers under the influence of a charge 

internal or external domain. In the case of a zero electric field, the electron field in a 
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semiconductor are in an equilibrium, which arise as a result of the interaction of electrons with 

lattice defects (impurity atoms, refractories Grid vibrations "phonons"). 

   If an electric field E is applied to a material, an electric current will flow, whose density J, 

usually expressed in A/m2 by: 

J =   𝝈 E                                                  (I.1) 

Where: 𝝈 is called the electrical conductivity of a material usually expressed in Siemens per cm 

(S.cm-1).  

I. 2.2.1.1. Electrical conductivity: 

   Semiconductor physics for large energy separation describes and prepares the electrical 

properties of transparent conductive oxides.The conductivity is the most important quantity 

indicating these properties, which is expressed by the symbol (𝝈) ,and its unit is  (Ω.cm)-1  . The 

conductivity is determined by the relation [13]: 

𝝈 = n q µ              or       𝝈 = p q µ                        (I.2) 

𝝈 : electrical conductivity. 

n ,p: concentration of charge carriers. 

q : The elemental electric charge of an electron. 

µ : Electrokinetic. 

Resistivity 𝝆 is also known as the reciprocal of conductivity [12] by the relation : 

𝝆 = 
1

σ
                                         (I.3) 

𝝆 :  electrical resistance ( Ω.cm ). 

𝝈 : electrical conductivity ( Ω.cm)-1 . 

I. 2.2.1.2. Sheet resistance: 

   Transparent conductive oxides are prepared and used in the form of thin films. One of its 

important electrical properties is the sheet resistance Rs. It is expressed as the ratio of the 

resistance over the thickness of the oxide film, and its unit is Ω. [14] 

Rs = 
1

σd
                         (I.4) 

Rs: the sheet resistance of the sample (Ω). 

d: film thickness (cm). 

 I. 2.2.1.3 Electrokinetic µ: 

   The mobility of charge carriers (electrons and holes) is an important and influential factor in 

the electrical conduction phenomenon, so that an increase in this factor leads to the 

improvement of the electrical properties of the transparent conducting oxide. 

  Mobility depends mainly on the spread of charge carriers in the material crystal lattice. [15] 
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         I. 2.2.2 Optical properties of transparet conducting oxides 

   The importance of studying the optical properties of transparent conducting oxides lies in its 

wide exploitation in many applications (optical fibers and reflective coatings, which require 

accurate knowledge of their optical constants over a wide range of wavelengths). [17] 

   The optical properties of materials are embodied in three basic phenomena: transmittance, 

reflectivitance and absorption. We express these phenomena by the following quantities: [20] 

Permeability or penetration coefficient T, reflectivitance or reflection coefficient R, absorbance 

A and absorption coefficient α. 

 

Figure (I.3): Spectrum of TCO (reflectance, transmittance, absorption). [21] 

I. 2.2.2.1 Transmittance: 

   Transmittance symbolizes T is the ratio of the transmitted light intensity It.and the intensity 

of the incident light I0, given by the following relation: 

 T (%) =   
𝐼𝑡

𝐼0
 *100                                         (I.5) 

   The transmittance spectrum is highly dependent on the magnitude of the energy levels, which 

in turn is related to the chemical composition, crystalline structer as will as film thickness, 

temperature, and atom doped kind. 

           I. 2.2.2.2 Reflectivitance: 

   Reflectivitance named R. It is the ratio of the intensity of the reflected light IR and the intensity of the 

incident light I0. The following relation gives it: [12] 

R ( % )=   
𝐼𝑅

𝐼0
∗ 100                                       (I.6)      

I. 2.2.2.3 Absorption: 

   Absorption A. it is the ratio of the intensity of the absorbed light IA and the intensity the 

incident light I0 .It is given by the following relation:  [18]           
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A (%) =   
𝐼𝐴

𝐼0
∗ 100                                           (I.7)    

The overall flow is conserved .We can write: 

IA+IT+IR= I0                                              (I.8)   

T+R+A =1                                                (I.9)   

          I. 2.2.2.4 Absorbance coefficient :      

   It is denoted by a symbol α .In order to determine it, we use the Beer_Lumber law [22], which 

allows the connection between the permeable flow and the thickness of the film thickness. 

        I. 2.2.2.5 Band gap energy: 

   The most transparent conductive oxides is characterized by the energy separation  the TCO 

large band gap between   (3.01-4.6 ev ) and varies according to the technique used in 

sedimentation and the experimental conditions. It also depends on the type of compound used.        

The table shows the band gap for some transparent conductive oxides. [14] 

Table (I.3): the band gap energy for some transparent conductive oxides 

TCO The band gap (ev) References 

SnO2 4.2-3.6  

ZnO 3.3-3.2 [17] 

NiO 4 -3.6  

ITO 4.2 [18] 

 

I.2.4 Applications of transparent conductive oxides  

   They are widely used because many applications recourse this combination between of optical 

transparency with electrical conductivity [23] 

1. Laser cavity. 

2. Mirrors and photoelectricity. 

3. Electromagnetic protection. 

4. Gas sensor. 

5. Heat-reflecting windows (buildings and ovens). 

6. Touch control screen. 

7. An organic diode. 

8. Solar cells as the front contact through which light must pass to enter the cell solar. 

9. Flat screens. 
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Figure (I.4) :Applications of transparent conductive oxide.[24] 

I.3 Copper 

   Copper is a chemical element that is included in the composition of many alloys. For 

example, it is added to gold to give it hardness, a well-known transition metal characterized 

by an important conductivity. This makes it important for electrical applications such as 

conductive coatings, and is used especially in microelectronics [25].Some properties of 

copper are shown in the Table (I.4). 

Table (I.4): Some properties of copper. [26] 

The chemical formula Cu 

Molar mass 63.54 g/mol 

Point vaporation 1273 °C 

Volumetric mass 8.935(g.cm-3) 

Point boiling 2855 °C 

 

Figure (I.5): Copper metal.[27] 
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       I.3.1 Metal oxides  

   We can classify metal oxides either according to the nature of conduction with electrons and 

holes (type n or type p) ,or depending on whether they are simple or compound, which it gives 

them an important role in different filds  such as , microelectronics. Knowing the structural and 

electronic properties of oxides is a very important step to achieve more efficient materials.  

   Metal oxides are heterogeneous catalysts and are used for acid-base and redox reactions. 

Certain groups of metals, especially transition metals, have attracted a lot of attention because 

of their properties. 

       I.3.2 Copper oxide  

    There are two phase of copper oxide 

 Copper monoxide.    

 Copper demonoxide. 

          I.3.2.1 physical properties of copper monoxide (Cu2O): 

   Copper monoxide is a reddish solid with a density of 6.0 g/cm3. Its melting point is 1235 °C 

and it does not dissolve in water [28]. Unlike most Another metal oxide, Cu2O is a p-type 

semiconductor [29].  

   The energy gap   is (1.9~2.6 ) eV [28, 26] and can be prepared by thermal oxidation[30, 31], 

anodic oxidation [32] spray deposition [33] and electrochemical deposition  [34]  .The electrical 

properties of copper oxide films vary to a large extent with the methods of preparation, which 

result from the great   variation in Cu2O films resistivity [29]. Moreover, it exhibits interesting 

properties such as rich excitation architecture, which allows the observation of a well-defined 

series of exciting properties in the absorption and photoluminescence spectra of Cu2O in bulk 

[28]. Other physical properties of the material are given in the following table: 

Table (I.5): Physical properties of Cu2O[29] 

Density 6.0 g/cm3  

Molecular weight 143.092 g/mol 

Point melting  1235°C 

Cu-O bond length 1.85 Å 

O-O bond length  3.68 Å 

Cu-Cu bond length 3.02 Å 

Band gap energy at temperature ambient (Eg) 2.09 eV 

Specific thermal capacity (Cp) 70 J/(K mol) 

Thermal conductivity (k) 4.5 W/(K m) 

Relative Permitability  7.5 

 

       I.3.2.2 Structural properties of opper monoxide 

   Cu2O has a simple cubic structure. It is described as a cubic cell with a lattice constant 

 a = 0.427 nm. 
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   In the lattice, each copper atom coordinates with two oxygen atoms and each atom the oxygen 

atom is surrounded by four copper atoms. 

 

Figure (I.6): Crystalline structural  of Cu2O.[35] 

    

        I.3.2.3 Physical properties of  copper demonoxide (CuO) 

   Copper demonoxide is a black solid with a density of 6.4 g/cm3.  Also has a high melting 

point  

(1330 °C) and is insoluble in water as well Copper oxide, which is a p-type semiconductor.  It 

has a wide band gap energy (1.4 eV to 1.9 eV). [36, 37] Many methods can be used to prepare 

copper oxide such as: 

  Thermal oxidation, spraying and electrochemical deposition. [38] 

  Other physical properties of the material are shown in the following table: 

Table (I.6): Physical properties of CuO. [29] 

Density 6.4 g/cm3 

Molecular weight 79.55 g/mol 

Point melting 1330°C 

Cu-O bond length 1.95Å 

O-O bond length 2.62 Å 

Cu-Cu bond length 2.90 Å 

Band gap energy at temperature ambient (Eg) 1.4eV 

Relative Permitability  12.0 

 

   The refractive index of CuO in the form of a thin film and its absorption coefficient differ 

according to the production conditions.  

o The refractive index is between (1.2-3) depending on the deposition method.[39] 

o Absorption coefficient in the visible field and a good range of stability.[40] 

o Super conductivity at high temperatures.[41] 
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         I.3.3 structural properties of copper demonoxide : 

   Copper monoxide forms a more complex tenorite crystal. It is are Monoclinic contains four 

CuO molecules. These lattice constants are: a = 0.47 nm, b = 0.34 nm, c = 0.51 nm and ß = 

99.54 .Each atom has four neighbors from the other kind. In the (110) level, each copper atom 

is bonded to four planar O atoms, at the corner of a rectangular parallelogram approx ,the O 

atom is coordinated into four atoms copper to form a deformed tetrahedron [29]. 

 

Figure (I.7): Crystalline structural of CuO. [35]  

I.3.4 Comparison between copper oxide properties 
  

 We mention some properties of CuO and Cu2O: 

Tabel (I.7): Properties of CuO and Cu2O. [26,28,36] 

  CuO Cu2O 

 

 

Chemical properties 

Molecular weight 79.55 g/mol 143.092 g/mol 

boiling temperature 

 

2000 C° 1800 C° 

Density 6.4 g/cm3 6.0 g/cm3 

optical properties the color Black brown red 

Electrical properties energy gap )1.4- 1, 9) ev (1.9- 2.6) ev 
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    I.3.5 Copper oxide applications  
  Copper oxide has become of interest in many applications including :[42] 

 Gas sensors. 

 Energy applications (used in photovoltaic complexes). 

 Pigment to produce blue lights in fireworks. 

 Participates in the production of Schweizer reagent solutions. 

 Abrasive in optics and in the manufacture of some electric batteries. 

 Substitute  iron oxide in thermite to make it a low-energy explosive rather than an 

incendiary. 

I.4. Doping copper oxide 

   Doping of copper oxide is the penetration of outer atoms into the intrinsic (pure) state that are 

not of the same type of material. They take the position of some of the original atoms and bond 

with their neighbors and form new energy levels which lie in the copper oxide energy interval 

and are called impurities. Therefore, doped copper oxide is classified into two main types, 

according to the type of atoms added.[43] 

  P type doping This type of defact is called the positive type because the majority of charge 

carriers are holes and the minority are electrons (taking on atoms). To obtain this type,  defectes 

are added to the copper oxide, this tayp of defact atoms formns an separation energy very close 

to the valence band.[43] 

  N type doping This type of defact is called the negative type because the majority of charge 

carriers are electrons and the minority are holes .To obtain this type, defectes are added to the 

copper oxide, this tayp of defact atoms formns an separation energy very close to the conduction 

band 

            I.4.1. Barium 

   Barium, is a chemical element with symbol Ba and atomic number 56. It is a soft, silvery-

white metal of alkaline earth metals. Its salts are used in making glass, paints, and fireworks. 

Barium is never found in a pure state. 

   It combines easily with many other chemicals to form compounds with many uses in the field 

of industry, such as Barium carbonate (BaC03) is a toxic substance like all water-soluble barium 

compounds. [44] Barium titanate (BaTiO3) is used in sonar detection and other electrical 

devices. 

o Barium Nitrate Ba(NO3)2 The signal lights flash green 

o Barium ferrite (BaO.6Fe2O3) in the magnet industry 
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Figure (I.8) :Barium metal.[45] 

 

     I.4.2. Barium properties  

  Explain the general properties of Barium  

Tabel (I.8): Properties of Barium. [46] 

Element symbol Ba 

Atomic number 56 

Element status Solid 

Point melting  1000 k (727 C ° - 1341°  F) 

Point boiling  2170 K (1897 °C -3447 °F) 

The group 2 

I.4.3. Previously study on barium 

 "S Santhosh Kumar Jacob, S Yahia " , in  this work barium (Ba) doped cuprous oxide 

(Cu2O) films  were prepared using  spray technique  by taking different doping 

concentration (0%, 3%, 5%, and7%) of Ba.  The Optical analysis was revealed the 

decreasing in band gap with increasing barium doping concentration.[47] 

 The two researchers "Ashour Mohammed , Ahmed Mohammed Shaban", studied the preparation of 

CuO and Ba-doped CuO thin films on glass substrates using a simple ion cascade adsorption and 

reaction (SILAR) method for hydrogen production. The band gap of the CuO film in pure form was 

set to be 1.63 to 1.87 eV after incorporation of 6% Ba. CuO 2% Ba-doped films showed high 

catalytic performance as a photoelectrode for efficient hydrogen generation.[48] 

I.4.4. Lanthanum 

   Lanthanum is a chemical element belonging to rare earths. Its atomic number is 57. In the 

classical model, lanthanum contains 1 electron in the 5d subshell (or subshell) and 2 electrons 

in the 6s subshell. In this calculation, lanthum is considered to have a 3 valence atom. group 3 

but outside the periodic representation of groups represents the bulk of the chemical elements 

in the deterministic quantum model the lanthananum instead has +2 electrons in the 4f sublevel 

in this calculation the lanthanum could be its maximum valence 5.The lanthanum is a silver-

grey metal, malleable, ductile, soft enough to be cut with a knife, it oxidizes in air and water. 
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Figure (I.9) : Lanthanum metel.[49] 

I.4.5. Lanthanum properties 

  Explain the general properties of Lanthanum: 

Table (I.9): Properties of Lanthanum. [50] 

Element symbol La 

Atomic number 57 

Element status solid 

Element description lanthanide 

The group 3 

Point of melting  1193 K (920 °C, 1688 °F) 

Point of boiling 3737 K (3464 °C, 6267 °F) 

Point of evaporation 400 kJ/mol 

 

I.4.6. Previously study on Lanthum 

 " Naveena, & Bose, A. C ", in this work studied the properties analysis of unsaturated and 

La doped CuO (LCO) thin films as a potential absorber for photovoltaic application. A 

chemical spray pyrolysis technique was used to prepare the dissociated thin films and LCO 

with different weight ratios (2, 4, 6, 8 and 10). From the UV spectra, La doped films show 

high optical absorption and the band gap value decreases from 1.62 eV to 1.49 eV up to 6 

wt%.[51] 

 "Arslan Masood ,….., and Muhammad Isa Khan" photocatalysis is a promising technique 

for remediation and decontamination of waste water. This research work focuses on the 

synthesis of pure and lanthanum (La)- (1, 2 and 3 wt%) doped copper oxide nanoparticles 

(CuO-NPs) via a simple, cost effective and efficient sol-gel process.  Quite interestingly, 

doping of rare earth element La has reduced the particle size , the band gap and electron 

hole recombiantion rate is also reduced. Band gap has shifted towards visible region (3.13ev 

to 2.85 ev) which makes it an excellent material for photocatalysis.[52] 

I.5 The thin films  

   The term thin films is used to describe one or more layers of material atoms that are less than 

one micrometer, or several nanometers thick, and because they are thin and brittle (easy to 

break) must be deposited on a solid material such as glass, silicon, and polymers [53] 
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   The primary difference between thin and thick film deposits is the thickness of the deposited 

layers. a thin films of a given material is an arrangement of the elements of that material in two 

dimensions  with a thickness of the third dimension. We ignore the role of boundaries (surfaces) 

in some properties, but in the case of thin films the opposite is the effect of surfaces on 

properties. Often, the greater the decrease in thickness, the greater the effect of surfaces on 

physical properties [54]. 

  The second major advantage of layering is that thin films condensation is always obtained 

regardless of the method used. 

   Thin films are also distinguished by their large surface area, and their physical and chemical 

properties differ from the properties of the material they are composed of, and the change of 

their optical and electrical properties depends on the methods and conditions of their 

preparation, such as changing the type or percentage of impurities added or changing the 

temperature of the base. [55] 

 

   I.5.1 Thin film deposition methods 

   With the increase in scientific and technological development, the techniques used in the 

preparation process varied, and this was due to the great expansion in the uses of transparent 

conductive oxides as thin films, which prompted researchers to devise and develop different 

methods in order to prepare these membranes. , and the use of only one method depends on 

several factors, the most important of which [56] 

   The type of material used ,The field of using the prepared membranes, preparation cost. 

Where some methods are suitable for certain materials and not suitable for other materials, some 

are easy, and others are more complex or less available.These methods are classified into two 

main categories according to the sedimentation methods: physical and chemical 

     I.5.1.1 Chemical methods: 

         I.5.1.1.1 Sol gel method: 

   This technology has known significant developments over the past three decades. It is a wet 

chemical synthesis technique for the preparation of oxide gels, glass, and ceramics at low 

temperature [57]. The basic principle of this technique is to convert the solution into a gel. This 

is based on a set of chemical reactions, as a first stage, the powders of the raw material are 

dissolved in a solution that consists of water, acid, base or alcohol, so we have a sol solution as 

a result of the dissolution reactions, and after removing the water from the sol, which dries 

quickly, a gel is formed for us. 

   The sol-gel method is effective for surface modification of the substrates. Obtaining a high 

surface area and essentially stable surfaces is the most important advantage of the sol-gel 

method. The chemical and physical properties of the materials acquired by the sol-gel method 

are related to the applied experimental conditions [58]. It is possible to manufacture ceramic or 

glass materials in a variety of shapes, such as ultra-fine powders, fibres, thin films. Since then, 

powders, fibers, thin films, and monolithic optical lenses have been made from sol-gel glass. 

[59] 
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Figure (I.10): Synthesis of various forms of materials by the sol-gel method.[60] 

          

   Spin coating: 

    Spin coating is used for the thin films’ fabrication to deposit uniform coatingof organic 

materials on flat surfaces [61]. This method consists of centrifuging a solution deposited in 

excess on a substrate. It hasthe advantage of being easily implemented, and it provides very 

good results on flatsubstrates of small areas (a few cm2) for moderate investments. We can 

distinguish four mainsteps in this technique, as presented in Figure  

 The deposition of the solution. 

 At the start of the rotation, the acceleration phase causes the liquid to flow towards the 

outside of the support. The constant speed rotation allows the ejection of excess liquid 

in the form of droplets and the reduction of the thickness of the film uniformly. 

 Evaporation of the more volatile solvents, which enhances the reduction in the thickness 

of the deposited film. [62] 

 

  
Figure (I.11):  Steps of spin coating.[63] 

   Final film thickness and other properties will depend on the nature of the fluid material 

(viscosity, drying rate, percent solids, surface tension...) and the parameters chosen for the spin 

process. Factors such as final rotation speed, acceleration, and fume exhaust affect the 

properties of the coated films. [64] 
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   Among the advantages of this technology: 

 A small amount of sedimentation liquid is sufficient to wipe the entire surface of the 

sample. 

 Easy access to crisis equipment. 

 The sedimentation mechanism is very fast. 

 It is used to deposit different successive layers on the same bond. 

 Ligh purity. 

 Low temperature. 

      Among the disadvantages of this technique: 

 The problem of regularity of thickness appears in large supports. 

 Specific properties of the solven. 

 

      Dip coating: 

   The dip coating technique can be described as a film deposition process [59]. This simple, 

flexible and cost-effective coating technique allows the application of a variety of oxide and 

inorganic-organic hybrids and materials. [65] 

   Dip coating has been widely used for research purposes due to it being a convenient and easy-

to-use approach. However, the quality of coatings produced in this manner is inconsistent. 

Therefore, it is an unsuitable approach for industrial processes. Critical parameters that can 

affect coatings produced by dipping. Dip coating consists of five steps, including immersion; 

start deposit Drainage; Vaporize as shown in figure 

 

 
Figure (I.12): Dip-coating stages: (a) immersion; (b) start-up; (c) deposition; (d) drainage; (e) 

evaporation.[66] 

    

       I.5.1.1.2 Chemical vapor deposition (CVD) : 

   CVD is a thermodynamically complex process consisting of chemical reactions under 

specific conditions such as temperature, pressure, reaction rates, momentum, mass and energy 

transfer. Many process factors and the chemical interaction between the reactant and substrate 

are responsible for the quality of the films produced during CVD, and the film quality can be 
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controlled and modified using an appropriate set of process parameters such as: flow rates, 

pressure, temperature, concentration of chemical species, and reactor geometry [67]. 

  This technique can be summarized in five steps: 

 Transfer of reactive gas species (or species) to the substrate. 

 Adsorption of the reactants on the surface. 

 Surface interaction and membrane growth. 

 Absorption of volatile by-products. 

 Transport and evacuation of gaseous products to the reactor outlet. 

 

 
Figure (I.13): The main steps of deposition by the CVD method. [62] 

  Several CVD type techniques can be given :[68] 

o LPCVD: (Low Pressure Chemical Vapor Deposition) Low Pressure Deposition. 

o MOCVD: (Metal-Organic CVD) Use of a metal-organic precursor. 

o PACVD: (Chemical Deposition of Vapors by Plasma) The role of this method is to 

improve and activate the reaction speed allowing the material to be deposited at a low 

temperature. The disadvantage of this method is the possibility of a plasma interaction 

with the substrate resulting in a homogeneous film. 

o APCVD: (Atmospheric Pressure Chemical Vapor Deposition) deposition under 

atmospheric pressure. 
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      I.5.1.1.3 Spray pyrolysis technique : 

   The spray pyrolysis is a simple technique based on chemical vapor deposition process (CVD). 

In this technique, the precursor of the material to be deposited is in solution and sprayed onto a 

heated substrate using air as carrier gas. [59] 

   Typical spray pyrolysis equipment consists of an atomizer, precursor solution, substrate 

heater, and temperature controller. The following atomizers are usually used in spray pyrolysis 

technique: air blast (the liquid is exposed to a stream of air), ultrasonic (ultrasonic frequencies 

produce the short wave length necessary for fine atomization), and electrostatic (the liquid is 

exposed to a high electric field). [69] 

 
Figure (I.14): General schematic of a spray pyrolysis deposition process. [70] 

 

 

       I.5.1.2 Physical method 

   Physical methods can be used to precipitate a range of materials, including transparent 

conducting oxides, and there are several methods, including: 

            I.5.1.2.1 Physical vapor deposition:  

   This technique relies on the process of thermal evaporation of materials under low pressure, 

and it has several advantages compared to the chemical vapor deposition method (CVD). 

   For the most used vapors: evaporation method under vacuum, cathodic spraying[71] 

extraction (laser fragmentation) .The thermal evaporation method is one of the suitable methods 

through which it can be obtained Distinctive properties of the formed membrane, as the 

membranes are prepared by placing the material to be evaporated in a very low pressure basin 

less than (10-2 Torr) and sometimes up to (10-9 Torr),  This method is suitable for evaporating 

most metals and semiconductors [72] 

   PVD processes are environmentally friendly vacuum deposition techniques consisting of 

three fundamental steps: 

o Vaporization of the material from a solid source assisted by high temperature vacuum or 

gaseous plasma. 

o Transportation of the vapor in vacuum or partial vacuum to the substrate surface. 
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o Condensation onto the substrate to generate thin films [72].  

 

 Figure (I.15): Physical vapor deposition method. [73]  

  Fumigation, spraying in all its forms, and laser ablation [62]. Are essential technique  of 

physical vapor deposition (PVD). Evaporation and thermal (or vacuum) evaporation are the 

most common PVD techniques. [74] 

        I.5.1.2.2 Thermal (or vacuum) evaporation: 

   An older method of deposition used to generate and build up thin films on the surface of solids 

is thermal (or vacuum) evaporation. The procedure is still useful in today's environment and is 

widely used in laboratories and institutions for thin film deposition. 

This method is done by evaporating the material to be deposited by heating it to suitable high 

temperatures inside a vacuum chamber and under pressure ranging from  

Pa (10-4 and 10-3).[75] After evaporation, this material condenses and is deposited on the surface 

of the substrate, forming a thin film ,Methods include Joule action (for easily soluble 

substances) or heating with a high-energy condensed electron beam. (refractory materials), and 

the speed of deposition of these materials depends on: 

 source temperature. 

 The distance between the evaporated material and the substrate 

 The best deposition result is when the surface is perpendicular to the vapor flow   

   These are the basic sequential steps of thermal or vacuum evaporation: 

 The vapor is created from subjecting the target material to very high temperature by 

subliming or boiling. 

 The ejected vapor from the target material is transported to the substrate through a 

vacuum. 

 Condensation of the vapor takes place to form a solid thin film on the substrate’s surface, 

and further repeatability of the deposition cycles result in thin film growth and 

nucleation. [67] 
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Figure (I.16): Thermal evaporation in a schematic. [76] 

         I.5.1.2.3 Catholytic spray: 

   This technique takes place in placing the substrate inside a chamber with an inert gas and low 

pressure, the latter causing Charge discharge and discharge play an important role in the 

ionization of gas atoms, and the resulting ions are accelerated by a potential difference (3 and 

5 kv) To fall on the cathode with great energy under the influence of the ions of the accelerating 

gas falling on the cathode, the atoms are removed from it and placed on the surface of the 

substrate. We can add the gas of the other with the inert gas if we want to precipitate a compound 

with the extracted self and the added gas, where the added gas interacts with the extracted atoms 

to form a compound that is placed on the substrate and precipitates .[77] 

         

   I.5.2 The principle deposition of thin film  

   To deposit a thin film on the surface of a solid substrate, the particles of the film-forming 

material must pass through a carrier medium such that this medium is in direct contact with the 

substrate. Either ions or molecules, and it may be atoms, as for the transport medium, it may be 

liquid, solid, gaseous, or vacuum.[78] 

o The state of the transmission medium is liquid: This method is relatively easy. As an 

example, we mention the method adopted in our study, which is liquid gels.[78] 

o The state of the transport medium is solid: In this case, the substrate is in contact with the 

material to be deposited, but only the particles spread out on the substrate to form a thin 

film. It is often very difficult to obtain thin films by particle contact.[52] 

o The state of the transport medium is gaseous or vacume: this medium is more used in 

various sedimentation methods, such as many techniques and methods are used to achieve 

these purposes.  [79] 
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I.6 Thin films growth mechanisms  

  Thin films are deposited on a substrate by thermal evaporation, chemical decomposition, or 

evaporation of the source material by irradiation of active species or photons. Any thin film 

deposition process involves three main steps:  

 Production of sedimented materials that differ in terms of types (atoms, molecules or 

ions). 

 Transfer of the material from the source to the substrate. 

 Condensation and growth of a film on the substrate, either directly or by means of a 

chemical and/or electrochemical reaction, to form a solid precipitate. The thin film 

forms according to the thermodynamic parameters of placement and the condition of 

the glass surface 

I.7 Stages of thin film growth  

   I.7.1 Positioning phase 

   This phenomenon accompanies the changes that occur in the state of matter, and is 

represented in the emergence of a turning point for the evolution of the state of matter into a 

new physical or chemical structure, and the conversion of these materials into aerosols and 

adhesion to the surface. from the substrate and physically adsorbed by the surface of the 

substrate so that the ions of this substance react with the substrate and form what are known as 

groups also called fixed nuclei , This figure represents the placement of ions in the thin 

films.[80] 

 

Figure (I.17): Schematic diagram of the position of ions in thin films. [80] 

   I.7.2 Docking phase  

   This phase is characterized by the docking of the groups among themselves to form a layer 

that gradually covers the film. Figure shows this phase.[64] 
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Figure (I.18): Schematic diagram of the docking phase. [64] 

   I.7.3 Growth phase 

   The growth phase is the last stage in the thin film installation process, and this phenomenon 

is considered as a complement to the adhesion process, so that a continuous layer is formed by 

filling the gaps (voids) by increasing the temperature of the substrate. Figure shows growth 

phase. [80] 

 

Figure (I.19) : Schematic diagram showing the growth (a) and docking (b) phases of the growth phase 

of the thin films. [80] 

  It has been observed experimentally that three growth patterns of thin layers appear, namely: 

a two-dimensional (2d) growth pattern, in which atoms are deposited layer by layer on the 

substrate, usually called the (Frank-Van der Merwe) pattern, and then followed by a three-

dimensional (3d) growth pattern in which they grow. The thin layers are in the form of groups, 

and it is called the (weber-volmer) pattern, and finally the mixed pattern, and it is usually called 

the (Stranski-Krastanov) pattern, which is a mixture between the two previous patterns. [64] 

 

Figure (I.20): Diagram of different growth patterns of thin films. [81]  
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II.1 Introduction 

   This chapter presents the experimental details and characterization techniques, which were 

used in this study. It includes knowledge about the chemical components and methods 

involved in the preparation and characterisation of doped and undoped CuO thin films.  

II.2 Materials and Experimental Methods  

   II.2.1 Material used in the experimental work  

 Diamond cutting pen. 

 Etuve. 

 Oven. 

 Magnetic hotplate stirrer. 

 Spin Coating  apparatus.                    

 

 
Oven. 

 

 
Diamond cutting pen. 

 

 
Magnetic hotplate stirrer. Spin Coating apparatus. 
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   II.2.2 The chemical products used  

   For the preparation of undoped and barium, lanthanum doped copper oxide we have used 

the following chemical products: 

 

 

Ethanolamine 
 

Molecular formula : 

𝑵𝑯𝟐𝑪𝑯𝟐𝑪𝑯𝟐𝑶𝑯 
Molar mass :61.08 g/mol 

Physical state: liquid 

 
 

 

 

Ethanol 

 

Molecular formula : 𝑪2𝑯5OH 

Molar mass : 46.07 g/mol 

Physical state: liquid 

 

 
 

 
 

Etuve 
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Baryum  Choride dehydrate 
 

Molecular formula : BaCl2.2H2O 

Molar mass :244.25 g/mol 

Physical state: solid powder 

 
 

Copper acetate 

 

molecular formula : Cu2(CH3COO)4 

molar mass :199.65 g/mol 

Physical state: solid powder 

 
 

Lanthanum Choride Heptahydrete 

 

molecular formula : LaCl3.7H2O 

molar mass :371.37 g/mol 

Physical state: solid powder                                      
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II.3   Preparation of the Substrates  

      II.3.1. The choice of substrate  

   The choice of the substrate is very important for preparation of the thin films, because it 

affects the crystalline quality as well as the optical and electrical properties of the thin films 

[1]. In this work, CuO thin films were deposited on glass slides in a size of (25 x 25) mm and 

a thickness of (1 to 1.2) mm this choice was due to these reasons: 

o This glass performs a good optical characterization of our films, due to its transparency 

in UV-Visible wavelength range. 

o It is an isolator layer so it will not affect the conductivity measurement. 

o For economic 

     

     II.3.2. Cleaning of the substrate 

   The properties of the deposited film depend on the cleanliness of the substrate surface on 

which the film is deposited, dust, and Impurtities on this surface can result in reduced 

adhesion of the film to the substrate, thus it is necessary to remove all kind of dirty, which 

include finger prints, dust, oil, and lint particles, and verify that the surface of substrate does 

not have any damage. 

  The steps of cleaning substrate surface are: 

o Washing it with distilled water and soap. 

o Drying using absorbent paper. 

o Placing in acetone bath during 10 min to eliminate the organic impurities. Then washing 

it with distilled water. 

o Placing in Ethanol bath during 10 min. Then washing it with distilled water. 

o Drying using a drier. 
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     II.4 The solution’s preparation  

   In order to deposit thin  films of undoped  and doped CuO on glass substrate, we prepared  

two kinds of solutions. 

        II.4.1. Undoped CuO solution 

   A solution of the concentration  C= 0.2 mol/L was prepared using  15 ml of ethanol  and 

0.5989 g of copper acetate  which  was calculated using the following formula : 

m = M.C.V                  (II.1) 

m : Mass of material used (g) 

C :   Solution concentration (mol/L)         

M : The molar mass of the substance (g/mol) 

V : The volume of the solution (L) 

         II.4.2 Doping solution   

   To prepare the doping solution, we use the same previous conditions (mass, concentration, 

volume), and calculate the barium and lanthium mass corresponding to the determine 

pourcentage (1%, 3%, 5%, 7% and 9%) using the following formulas: 

 

m Lanthanum Choride Heptahydrete= xmass% *(M Lanthanum Choride Heptahydrete /Macétatedecuivre ) *macétatedecuivre *( Mcu /MLa) 

m Baryum  Choride dihydrate= xmass% *( MBaryum  Choride dihydrate/Macétatedecuivre ) *macétatedecuivre *( Mcu /MBa) 

 

 1% 3% 5% 7% 9% 

ACu (g) 0.5989 0.5989 0.5989 0.5989 0.5989 

La (g) 0.005 0.015 0.025 0.036 0.046 

Ba (g) 0.003 0.01 0.017 0.024 0.031 

 

     II.4.3. Deposition by method spin coating 

This is done by: 

 Place the glass substrat on the device. 

 Put some drops of the prepared solution on the surface of the substrat. 

 Turne on the device, the slide rotates for 30 seconds, and thereby the solution was 

distribute evenly on the substrate. 

 Stop the device. 

  Remove the substrat and put it in an etuve at 200 °C to dry. 

 We repeat the process 6 times. 

     II.4.4 Annealing Thin Films  

   This is the last step in the deposition of thin films. After the drying step of the last film, the 

sample undergoes an annealing heat treatment at a fixed temperature of 500°C for 1 hour. At 

the end, the samples are ready to be analyzing.  
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II.5 Analysing Methods of the thin films 

   The analysing techniques and description of the thin films is an important step  through 

which  thin film properties can be known such as : electrical, optical and structural properties . 

In this work, we have used UV-vis spectroscopy for the optical characterization and  Four 

probes device for the electrical characterization . 
 

   II.5.1 Optical properties: 

   They refer to a number of optical constantes related to the thin films such as: transmittance, 

absorption coefficient, gap-energy, refractive  index…etc   

        II.5.1.1. Ultraviolet Visible Spectroscopy: 

    The transmission spectrometer used is Perkin Elmer LAMBDA 25 UV/ VIS Spectrometer 

(Figure) with double beam one for their reference (glass) the other with the sample (glass – 

film). Their spectral range extends from wavelength λ= 200 nm to 1400 nm. Spectra obtained 

give the variation of transmittance expressed as a percentage according to their wavelength. 

[82, 83] 

 

 

Figure (II.1): Visible and ultraviolet Spectroscopy. 

   

Working principle:  

   It depends on a light source consisting of two lamps (tungsten-deuterium), where the light 

beam passes through a uniform wavelength to determine the wavelength of the sample to be 
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studied and the other pass through a reference glass, and then the two beams are directed 

towards a  collector in order to compare and draw the results. [84] 

 

Figure (II.2): Schematic diagram showing the working principle of the UV Vis Spectroscopy device. 

[85] 

 

     II.5.1.2 Determine the absorption coefficient:  

   The transmittance spectrum enables us to determine the absorption coefficient, using the 

relationship (beer-Lambert) which is written as follows: [2] 

T= 𝑒(−𝛼𝑑)                          (II.2) 

α : absorption coefficient (cm-1). 

d: thickness of the thin film(cm) 

From the given transmittance relationship, the expression for the absorption coefficient can be 

written as follows: 

𝛼 =
1

𝑑
𝑙𝑛

100

𝑇(%)
                           (II.3) 

α = 2.303 A 
1

d
                          (II. 4)  

A: Absorbance 

      II.5.1.3 Determine the thickness of the samples: 

   There are several techniques for measuring the thickness, including: 

   

 

Gravimetric method:  
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   This method is considered somewhat inaccurate, as the substrate is weighed using a 

sensitive balance beforehand deposition and after deposition, and then we calculate the 

difference between them and we can calculate the thickness by the relationship: [86] 

d =
∆𝑚

𝜌𝑆
                                   (𝐼𝐼. 5) 

Δ𝑚 : The difference in substrate weight (g) 

ρ   : thin films density (g/cm3) 

S: Substrate area (cm2) 

 

Programming method: 

  It is allowed to determine the thickness and the refractive index of the prepared sample. This 

is done based on the transmittance values, which is the frequently used method due to its 

accuracy and speed compared to its predecessor. 

        II.5.1.4 The extinction coefficient K 

   Is the amount of energy absorbed in the material, or the extinction of an electromagnetic 

wave. The loss due to the interaction between wave and matter which causes the losswave 

energy. 

   It is possible to express the extinction coefficient through the following relation: 

K=
𝛼𝜆

4𝜋
                       (𝐼𝐼. 6) 

Where 𝛼 is the absorption coefficient, and 𝜆 is the wavelength  

        II.5.1.5. Refractive index n 

  The refractive index of the prepared thin film samples can be expressed by the relation: 

n = (((R+1)/ (1-R)) 2-(K2+1)) 1/2+ ((R+1)/ (1-R))                     (II.7) 

Where R is the reflectance and K is the extinction coefficient  

        II.5.1.6 Determine the band gap:  

   The energy gap is considered one of the important optical constants, as it is considered the 

energy required to transport electrons from the top of the valence band to the bottom of the 

transport band. [87] 

   The value of the energy gap can be calculated through the Tauc  method as follows:[90]  

(𝜶𝒉𝒗)𝟐 = B (𝒉𝒗 − 𝑬𝒈)                        (II.8) 

B: Constant 

Eg: The band gap (eV) 

𝒉𝒗 : Photon energy (eV) 
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By drawing a curve  (𝜶𝒉𝒗) as a function of the photon energy 𝒉𝒗  and drawing the tangent to 

the linear part of this  curve, we can get the value of the band gap by determing the 

intersection of this line with the 𝒉𝒗 axis.  

 

Figuure (II.3 ) :Diagram illustratin  (𝜶𝒉𝒗)𝟐  indicatively 𝒉𝒗. 

 

          II.5.1.7. Determine the Urbach energy: 

   The Urbach energy Eu is one of the important constants that characterize the optical 

properties of the thin  films. The relationship between the Urbach energy and the absorption 

coefficient is expressed as follows: [87, 88] 

𝛼 = 𝛼0 𝑒
ℎ𝑣

𝐸𝑢                                            (II.9) 

𝜶𝟎 : Absorption coefficient for which the absorption value is minimum 

Eu : The   Urbach energy 

Ln𝛼 = 𝑙𝑛𝛼 +
ℎ𝑣

𝐸𝑢
                                  (II.10) 

   The  Urbach energy can be determined from this relationship by calculating the slope of the 

curve :  
1

𝐸𝑢
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    II.5.2 Electrical Characteristics 

   The electrical properties of undoped and doped copper oxide thin films are studied by a 

technical method the of four probes to determine the resistivity and specific conductivity of 

the sample 

       II.5.2.1 Four Probes Technology 

   This technique aims to find out the surface resistivity of thin films and determine the value 

of conductivity, and its device consists of four probes connected to the sample evenly spaced 

in a straight line and equal distances, a current I is sent passes through the two external probes 

and the potential difference V is measured between the two internal probes.  if The distance s 

between the probes is much greater than the thickness of the thin film, so we consider the 

dimensions of the ends to be infinite, and the sample is considered a binary model therefore, 

the resistance of the sample can be calculated from the relationship:[89] 

U

I
= K

ρ

d
                                ( II. 11) 

𝜌: Thin films resistivity (Ω.cm) 

d: Thin films thickness (cm) 

ρ

d
: This ratio represents the resistance sheet of the  thin film (ohms) 

K: It represents the proportionality coefficient  

 

   This technique is considered more accurate compared to the traditional two-probe method 

because the voltage and the current are measured through separate probes; it negates the effect 

of contact resistance and wire resistance depending on the geometry of the probes and their 

spacing.                
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²  

Figure (II.4) : The four probes technique. 
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III.1. Introduction  

   In this chapter, we will obtained results will present, analyse and discuss the obtained results 

of La-doped CuO and of Ba-doped CuO, then we will compare between them. 

III.2. Optical Properties 

     III.2.1. Transmittance  

   Optical properties of CuO thin films are investigated by spectrophotometer in the wavelength 

range [300-1000 nm]. Figure (III.1), Figure (III.2) display the optical transmittance spectra a 

function of the wavelength of La and Ba doped CuO thin films respectively. 

   The results showed that the transmittance increases with increasing wavelength, as it appears 

that the values of the transmittance are the lowest possible in the ultraviolet wavelengths region 

of the spectrum within the range (300 -400 nm) and increases - rapidly in the visible region 

(400-700 nm) then it reaches the highest value in the range of (700-900 nm). it also can be 

noticed that the transmittance decreased in both case of La and Ba dopent. Figure (III-1) and 

(III-2) show that the transmittance is inversely proportional to the increase of La and Ba 

concentrations. As for Ba dopent CuO thin films, the transmittance ranges between (58.69 to 

56.02)%, where the highest value belongs to 3% Ba doped-CuO sample and for La dopent CuO 

thin films, it ranges between (59.69 to 63.29)% , where the highest value belongs to 1% La 

doped-CuO sample. It is clear from the obtained spectra that the two dopants did not improve 

the transmittance of CuO in the visibal range.  
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          Figure(III.1) : Transmittance Ba doped                   Figure(III.2) : Transmittance  La doped      
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           Figure(III.3) : Abserbance Ba doped                      Figure(III.4) : Abserbance La doped                                              

 Of CuO of CuO    

  The absorption spectra confirm what it is said in the transmittance results as the absorption 

behavior goes inversely with the transmittance behavior.  

 

      III.2.2 Band gap and Urbach energy  

  Figure (III.5,10) and Figure (III.11,15) present the curves used to determine the gap energy  

La doped-CuO and Ba doped-CuO respectively. 

   The band gap Eg and Urbach energy Eu of the undoped thin films and La and Ba doped CuO 

thin films  are shown in Table (III.1) and illustrated in Figure (III.5)-(III.15) overall, It is 

observed from figure that the band gap decreases with increasing doping concentration for both 

dopants, AS for La dopant, Eg decreases from (2.85 to 2.09) eV then increases again at 9% with 

2.29 eV correspends to for lanthanum doping ,and decreases from (2.6 to 1.87) eV then 

increases again at 9% with 2.07 eV compared to barium doping. This decrease in the band gap 

is confirmed by the increasing width of the band tail presented with Urbach energy Figure 

(III.27 ,28), the latter may be a consequence of the structural defects seen in the film. We also 

notice through the results that barium leaves more defects. 
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          Figure (III.5):  Band gap of CuO (0%)                        Figure (III.6): Band gap of La (1%) 
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           Figure (III.7): Band gap of La (3%)                      Figure (III.8): Band gap of La (5%)  
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               Figure (III.9): Band gap of La (7%)                    Figure (III.10): Band gap of La (9%)  
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           Figure(III.11): Band gap of Ba (1%)                   Figure(III.12) : Band gap of Ba (3%)  
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            Figure(III.13) : Band gap of Ba (5%)                      Figure(III.14) : Band gap of Ba (7%)  
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Figure(III.15) : Band gap of Ba (9%)  
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   Figure (III.16, 21) and Figure (III.22, 26) present the curves used to determine the Urbach 

energy of La doped-CuO and Ba doped-CuO respectively according to Tauc law. 
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Figure(III.16) : Urbach energy of CuO(0%)                      Figure(III.17) : Urbach energy of  La(1%)  
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Figure(III.18):Urbach energy of La(3%)                      Figure(III.19):Urbach energy of La(5%) 
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Figure(III.20) : Urbach energy of La(7%)                       Figure(III.21) : Urbach energy of La(9%) 
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Figure (III.22):Urbach energy of Ba(1%)                          Figure (III.23): Urbach energy of Ba (3%) 
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Figure (III.24): Urbach energy of Ba (5%)                  Figure (III.25): Urbach energy of Ba (7%) 
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              Figure (III.26): Urbach energy of Ba (9%) 

  



Chapter III                                                                         Result and discussion 

 

47 

   The results of gap energy and Urbach energy are summerized in Table (III-1) 

Table (III.1): Band gap and Uerbach energy of concentration doping. 

 Eg(eV) Eg(eV) 

CuO 2.84 3.66 

Concentration 1% 3% 5% 7% 9% 1% 3% 5% 7% 9% 

La 2.85 2.74 2.17 2.09 2.29 1.36 2.01 2.53 3.94 0.81 

Ba 2.6 2.24 2.06 1.87 2.07 3.2 3.27 3.48 10.61 4.06 

  Figure (III.27) and Figure (III.28) illustrate the band-gap and Urbach energy of undoped, Ba 

doped-CuO and La doped-CuO respectively. 
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         Figure (III.27): Band gap and Urbach                           Figure (III.28): Band gap and Urbach 

         energy as function of Ba concentration                         energy as function of La concentration 

 

   Overall, It is observed from figure (III.27,28) that the band gap decreases with increasing 

doping concentration for both dopants whereas the Urbach energy increases as the dopant 

concentration . increases. In the case of La dopant, Eg decreases from 2.85 to 2.09 eV 

corresponds to 1% and 7% respectively, then increases again at 9% to reach 2.29 eV, while Eu 

increases from 1.36 to 3.94 eV and decreases to 0.81 eV for the same concentrations of La (see 

table III.1). therfore, the lowest value of band-gap energy  returns to 7% La doped CuO. As for 

Ba dopant, Eg decreases from 2.6 to 1.87 eV corresponds to 1% and 7% respectively, then it 

increases again at 9% to reach 2.07 eV,  while Eu increases from 3.2 to 10.61eV and decreases 

to 4.06 eV for the same concentrations of Ba( table III.1). Thus, 7% Ba doped cuo is also the 

lowest value of the band-gap energy. This result has a good agreement with the literature the 

films specifies the direct allowed band gap (Eg) with the values of 2.17 to 1.9 eV for all the 

films. It was observed that the band gap values are decreasing with Ba doping percentage.[47] 
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   Although both doping reach the lowest value of Eg for the same concentration (7%),  Ba 

doping compared to La doping (figure III.29),  decreases more effectively the band gap energy 

of CuO from 2.84 eV  (undoped CuO ) to 1.87eV (7% Ba). This can be attributed to the 

structural defects created by Ba more than those created by La and which are responsable of 

the increasing the disorder in the band gap and increasing the width of the band tail presented 

by Urbach energy behavior. 
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Figure (III.29): Band gap as function of Ba,La concentration 

 

    III.3 Electrical Properties  

   The results of the sheet resistance, the resistivity and the electrical conductivity values of 

undoped CuO, La and Ba doped-CuO thin films measured by the four-point method  are 

presented in table (III.2). 

Table (III.2): R sheet and Resistivity, conductivity of Ba,La concentration. 

 R sheet×103 

(Ω) 

Resistivity 

(Ω.cm) 

Conductivity 

(Ω.cm)-1 

CuO 6.18 0.7 1.43 

C 1% 3% 5% 7% 9% 1% 3% 5% 7% 9% 1% 3% 5% 7% 9% 

La 4.14 1.6 1.17 6.35 18.43 0.5 0.18 0.13 0.72 2.08 2.14 5.5

9 

7.5
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1.4 0.5 

Ba 8.73 1.83 2.9 1.14 1.06 0.98 0.21 0.33 0.13 0.12 1.02 4.8
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3.0

6 

7.7

7 

8.3

6 

 



Chapter III                                                                         Result and discussion 

 

49 

   The results in table (III.2) reveal a decrease in the resistance (Rsheet) and the resistivity values  

with the increasing percentage corresponding to an increase in the conductivity values of La 

dopant till 5% where they change the behavior and mark a monotonous increase in the resistance 

and decrease in the conductivity profile (Figure III.30), whereas in the case of Ba dopant starting 

from 5%, we can notice a monotonous decrease in the resistance corresponding to a 

monotonous increase in the conductivity profile ( Figure III-31) . 9% of Ba dopant corresponds 

to the lowset  value of the resistance (Rs= 1.06×103 Ω, ρ=0.12  Ω.cm) and to the highest value 

of the conductivity  σ= 8.36 (Ω.cm)-1. Table (III.2). 

 

    Figure (III.30): R sheet and the conductivity                   Figure (III.31): R sheet and the conductivity                                               

              as function of La concentration                                      as function of Ba concentration 

 

The comparison between the effect of La and Ba on the conductivity of the sampeles shows 

that: 

 The conductivity of La doped CuO thin films increases for low La percentages (less 

than 5%), while that of Ba doped CuO thin films increases for high Ba percentages 

(more than 5%). 

 Moreover, La dopant improves the conductivity of CuO thin films from (1.43 to 7.6) 

Ω.Cm-1, and Ba dopant improves from (1.43 to 8.36) Ω.Cm-1. 

 Ba dopant increases effictively the conductivity compared to La dopants. 
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              Figure (III.32) : The conductivity as function of Ba,La percentage.  
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. بن خالد، دراسة بعض الخواص البصرية الأغشية لكبريتيد الرصاص المحضر بطريقة التحلل الكيميائي الحراري،  م [2] 
   2302، 03، العدد 03مجلة الهندسة والتكنولوجيا، المجلد 

م. بن خليل، دراسة بعض الخواص البصرية والكهربائية لأغشية أكسيد الزنك المحضرة بطريقة الرش الكيميائي  [3]
 2302، جامعة بغداد، العراق،  0، العدد 03الحراري،مجلة الهندسة والتكنولوجيا، المجلد  

الخواص التركيبية والبصرية لغشاء أوكسيد . عبد الله منيف، ر. عبد الوهاب إسماعيل، ص. جاسم محمد ، دراسة ر [5]
 2302الرقيق نانوي التركيب بطريقة الترسيب بالحمام الكيميائي", الزنك

دراسة الخصائص التركيبية و البصرية لأغشية أكسيد النيكل المطعمة بالنحاس و الكوبالت" ص. بوعيشة ، م.بن طالب[ 7]
 2323،  جامعة محمد خيضر بسكرة ،

دراسة الخصائص الضوئية و الكهربائية و البنيوية لشرائح أكسيد القصدير المطعم الأنتموان موضه بطريقة "ب.حمصي، [ 9]
 .2302الأمواج الصوتية " ،مذكرة ماستر، فرع فيزياء، جامعة الوادي ، 

عبد، "دراسة الخصائص التركيبية و البصرية لأغشية )أكسيد النيكل(" ، رسالة ماجستير، جامعة ديالي  أ.زيد[02] 
  2302،العراق،

لوادي، ا لخضر,دراسة بنيوية وضوئية لشرائح أكسيد النحاس لمطعم بالنيكل ,ماستر أكاديمي ,جامعة .فرحات,& ش .ن [01]
2323. 

،Ni(l-x)ZnxO [90] "،دراسة الخصائص التركيبية و البصرية لأغشيةع. ردينة صديق   

 المحضرة بطريقة التحلل الكيميائي الحراري، رسالة ماجستير، جامعة بابل، العراق
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General conclusion 
 

   This work is based on the elaboration and characterization of undoped, and La, Ba doped CuO 

thin films by sol-gel via spin-coating technique on a glass substrate, it aims to study the effect 

of La and Ba doped CuO on the properties of CuO thin films. The optical properties were 

investigated by visible and ultraviolet spectroscopy, and the electrical properties were obtained 

using the four probes method. The main results can be recaputilize as follows  

   The transmittance of Ba dopent CuO thin films, ranges between (58.69 to 56.02)%, where  

the highest value belonged to 3%, and that of La dopent CuO thin films ranges between (59.69 

to 63.29)%, where the highest value belonged to 1%. The band gap decreases with increasing 

dopant concentration of each dopant while the Eurbach energy increases with dopant 

concentrations. The lowest value (1.87 eV) of band gap energy, In the case of Ba dopant, 

belongs to 7%. The same concentration gives the lowest band gap energy value (2.09 eV) for 

La dopant. Ba doping increases effectively the conductivity more than La doping and 9% 

corresponds to the highest value of the conductivity (σ = 8.36 (Ω.cm)-1). 
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Abstract 
 

The present work is a comparative study between La, and Ba effect on the optical and 

electrical properties of CuO thin films at the following concentrations (1%, 3%, 5%, 7%, 9%). 

Samples were prepared using sol-gel via spin-coated technique on a glass substrate, visible and 

ultraviolet spectroscopy was employed to characterize the optical properties and the four probes 

method was used to characterize the electrical properties. The main results reveal that La dopant 

decreases the band gap of CuO to (2.09 eV) corresponds to 7% and improve the conductivity 

to 7.59 (Ω.cm)-1corresponds to 5% .while, Ba dopant decreases the band gap of CuO to (1.87 

eV) corresponds to 7% and improve the conductivity to 8.36 (Ω.cm)-1corresponds to 9%. 

 

Keywords: CuO, thin films, sol-gel, spin-coating, baruim, properties, lanthanum. 

 

 ملخص

مقارنة بين تأثير الباريوم و اللانثنيوم على الخصائص البصرية و الكهربائية العمل الحالي عبارة عن 
بايتخ ام تقنية الطلاء ال وراني  (9%,7%,%1,%3,%5التراكيز التالية )بكيي  النحا  لأ شرائح الرقيقةلل

م التحليل الطيفي المرئي والأشعة فوق البنفيجية اتم ايتخ  ,بالمحلول الهلامي على الركيزة الزجاجية
ية. أشارت الكهربائ ، وايتخ ام طريقة المجيات الأربعة لتوصيف الخواصتوصيف الخصائص البصريةل

 9..9النطاق لأغشية أكيي  النحا  إلى فجوة طاقة النتائج الرئييية أن التطعيم باللانثنيوم يقلل من 
. بينما التطعيم بالباريوم يقلل من .%عن   cm)Ω(7..9.-1,ويحين الناقلية إلى 7%إلكترون فولط عن  

)cm)Ω.-,ويحين الناقلية إلى 7%إلكترون فولط عن   7..7إلى  لشرائح أكيي  النحا  النطاقفجوة طاقة 
  . 9%عن   8...1
 

الباريوم,  ,الكلمات المفتاحية: الأغشية الرقيقة, أكيي  النحا , المحلول الهلامي, تقنية الطلاء ال وراني
  .اللانثنيوم, الخصائص


