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Abstract 

      In this work, nanofilms were prepared from pure copper oxide (Cu2O) 

with different thicknesses , t1 , t2 , t3 , and t4 in the range of 25,40,65,and 

90 nm respectively .Thin films have been prepord by thermal evaporation 

technique under pressure of 1 × 10
-7

 mbar and the rate of deposition 0.5 

nm/s on glass substrate at room temperature.  

     X-ray diffraction (XRD) results for Cu2O films prepared on glass 

slides showed that the crystal system of the prepared films is cubic  The 

surface topography was studied using atomic force microscopy (AFM). 

The measurements proved that the prepared films in this way have a 

homogeneous surface. Roughness average, root mean square and mean 

grain diameter increase with increasing of thickness. The scanning 

electron microscopy (SEM) image exhibited the grain diameter  The grain 

diameter ranged between 8-20 nm. The average diameters of the 

nanoparticles were 11.65 nm, 9.03 nm 10.97 nm and 11.02 nm for t1, t2, 

t3, and t4 films respectively.  

     The results of the optical properties showed that the Cu2O absorption 

rises with the thickness, while the transmittance decreases. Also, optical 

constants such as absorption coefficient, refractive index, extinction 

coefficient, real and imaginary dielectric constants, and dispersion 

parameters 
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1.1 Introduction 

1.1.1 Thin Film Solar Cell  

A thin film is a layer of material ranging from fractions of a 

nanometer (monolayer) to several micrometers in thickness, or second 

generation solar cell that is made by depositing one or more thin layers or 

thin film (TF) of photovoltaic material on a substrate, such as glass 

plastic or metal [1]. Film thickness varies from a few nanometers (nm) to 

tens of micrometers (µm), much thinner than thin-film's technology, the 

conventional. Thin film cells can be more flexible, lighter, and have less 

drag as a result of this [1]. In 1857, a scientist (Faraday) was able to 

create a thin metal film using a chemical reaction (Thermal Evaporation) 

[2]. 

The act of applying a thin film to a surface is thin-film deposition – 

any technique for depositing a thin film of material onto a substrate or 

onto previously deposited layers. "Thin" is a relative term, but most 

deposition techniques control layer thickness within a few tens of 

nanometers , Thin-film technologies are also being developed as a means 

of substantially reducing the cost of solar cells. The rationale for this is 

thin-film solar cells are cheaper to manufacture owing to their reduced 

material costs, energy costs [3]. Thin film technology is the basic of 

astounding development in solid state electronics, thin films are 

especially appropriate for applications in microelectronics [4]. 

       Thin-film solar cells are commercially used in several technologies, 

including cadmium telluride (Cadet), copper indium gallium dieseline 

(CIGS), and amorphous and other thin-film silicon (a-Si, TF-Si) [5]. 

It's employed in integrated photovoltaic systems as well as semi-

transparent photovoltaic glazing that may be laminated onto windows. In 
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some of the world's largest photovoltaic power facilities, stiff thin film 

solar panels (sandwiched between two panes of glass) are used in other 

commercial applications [6]. 

       Other thin-film technologies are often classified as emerging or third 

generation photovoltaic cells and include; organic, dye-sensitized, and 

polymer solar cells, as well as quantum dot, copper zinc tin sulfide, nano 

crystal, micro morph and perovskite solar cells. Thin-film technologies 

reduce the amount of active material in a cell. It is possible to classify 

these techniques in two ways [7]: as shows at Fig. (1.1.) 

 

 

 

 

 

 

 

 

 

Fig. (1.1) Different physical and chemical thin film deposition processes [7]. 

1.1.2 Photovoltaic Solar Cell 

        The photovoltaic solar cell (PV) is considered a major element for 

obtaining energy from the sun because it can convert sunlight directly to 

electricity with high conversion efficiency. It can provide nearly 

permanent power at low operating cost, and is virtually free of pollution. 
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Recently, research and development have increased the low-cost  flat-

panel solar panels, thin-film devices, concentrator systems, and many 

innovative concepts [8]. 

The generation of voltage has been discovered by Becquerel in 

1839 when a device is exposed to light, by a junction formed between an 

electrode and an electrolyte. The first photovoltaic effect of substantial 

(emf) voltage was noticed by Ohi on a silicon p-n junction in 1940 which 

is the main concern for solar cells and the power conversion efficiency 

[9]. 

Photovoltaic cells (PV) typically have at least two thin layers, one 

on top of the other, each with different dopants (deliberately inserted 

impurities). [10]. The result is that one layer is (n-type), with (negative) 

electrons added, and the other layer is (p-type), with positive holes added. 

As shown in Fig.(1.2), these two-layer structures are known as p-n 

junctions. resulting in an electric field (built-in) [11]. While photons form 

free electrons and holes around the p-n junction, the electric field in the 

area causes them to flow in opposite directions, the electrons to the n side 

and the holes to the p side. Between the p and n layers, an electric current 

(emf) is formed, with the p side positives and then half negative. When 

the p and n sides of a circuit are connected to a load, such as a light bulb 

or a calculator, a voltage is created and an electric current passes through 

the load. [12]. 
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Fig. (1.2) Photovoltaic p-n junction solar cell [11] 

1.2 Nanomaterials  

Nanomaterials are materials with dimensions below 100 nm and 

they have at least one unique property that is different from the bulk 

material, or the study of material treatment on an atomic and molecular 

scale is the focus of science. Nanotechnology is the development of new 

processes and instruments with dimensions nanometers, which is a 

thousandth of a micrometer or a millionth of a millimeter. 

Nanotechnology deals primarily with atomic clusters spanning from five 

to one thousand atoms, with measurements ranging from 0.1 to 100 nm. 

[13]. 

The term "nano" is used as a prefix that denotes the ten base that is 

extended to the force of the (-9). The nanometer (denoted by nm) is the 

most accurate unit used to measure length, which is equal to 10
-9

 meters 

[14]. Nanotechnology is applied to various physical, chemical, biological, 

engineering, biomedical, medical and pharmaceutical sciences; it is used 

to design and manufacture tools and equipment in a scale not exceeding 

100 nanometers by assembling the basic constituents of atoms. In 
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particular, the substitution of an atom of a seed element of another 

element produces different other substances. Sometimes, these substances 

surprise us with new characteristics that we did not know before; which 

opens up new areas for use and harnesses for the benefit of man [15-16]. 

Nanomaterials take several forms, each of which has a structure, 

characteristics, a measure of its diameter and length, and some of them 

also have distinct uses, and nanomaterials can be classified according to 

the form Fullerene, nanoballs, nanoparticles, Nanotubes, nanofibers, 

nanocomposites and Nanowires. nanomaterials are categorized according 

to their dimensions into four classes [17-18], which shown in Fig. (1.3) 

1- Confinement in zero dimensions (quantum dots). 

2- Confinement to a single dimension (quantum wires.). 

3- Confinement in two dimensions (quantum wells). 

         4- Confinement in three dimensions (bulks). 

  
Fig. (1.3): Classification of Nanomaterials (a) 0D spheres and clusters, (b) 1D 

nanofibers, wires, and rods, (c) 2D films, plates, and networks, and (d) 3D 

nanomaterials [17-18]. 
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1-3 Copper Oxide (Cu2O) 

 Copper (I) oxide, also known as cuprous oxide, is one of the two 

main oxides of copper, the other being copper (II) oxide, also known as 

cupric oxide. CuO is a red-colored solid that is found in antifouling 

coatings. Copper (I) oxide is found as the reddish mineral cuprite and can 

look yellow or red depending on particle size [19]. It can be made in a 

variety of ways [20], the most straightforward of which is through the 

oxidation of copper metal: 

4Cu+O2 → 2Cu2O 

      Numerous properties such as non-toxic, earth-abundant, high optical 

transparency above 500 nm and high absorption coefficient [21]. It has a 

direct energy gap 2.17 eV, while the copper oxide is 1.7 eV [22].  

1-3-1 The Cu2O Properties 

In terms of coordination spheres, the solid is diamagnetic, copper 

centers are 2-coordinated, and oxides are tetrahedral. In some ways, the 

concept is similar to the primary polymorphs of SiO2, and both have 

formal or informal lattices. Copper (I) oxide combines in saturated 

ammonia solution to generate the colorless compound [Cu(NH3)2]
+
, 

which oxidizes to the blue [Cu(NH3)4 (H2O)2]
2+

 in air. Copper (II) sulfate 

and copper (II) nitrate are produced when it dissolves in hydrochloric 

acid, yielding CuCl2 solutions. Dilute sulfuric acid and nitric acid generate 

copper (II) sulfate and copper (II) nitrate, accordingly. [23] 
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1.3.2. Properties of Semiconductors 

       Cu2O is one of the most studied materials in semiconductor physics, 

and many experimental semiconductor applications have been shown 

initially in this material. 

 [24,26]. 

The lowest exactions in Cu2O have a very long lifetime; absorption 

line geometries with negative line widths have been achieved, which is 

the smallest bulk exaction resonance ever observed. [27]. The associated  

quadruple Polaritons have a lower group velocity approaching sound 

speed. As a result, light in this medium moves nearly as slowly as sound, 

resulting in high polariton densities. Another unique aspect of ground 

state excitons is that all of their primary scattering mechanisms are 

quantifiable. [28]. Cu2O was the first substance for which a completely 

parameter-free model of absorption line width broadening by temperature 

could be established, allowing the absorption coefficient to be calculated. 

The Kramers–Kronig relations do not apply to polaritons, as demonstrated 

by Cu2O. [29]. 

1-3-3 Applications 

Cuprous oxide is commonly used as a pigment, a fungicide, and an 

antifouling agent for marine paints. Rectifier diodes based on this material 

have been used industrially as early as 1924, long before silicon became 

the standard. Copper (I) oxide is also responsible for the pink color in a 

positive Benedict's test.[29] 
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1-4  Literature Survey 

1- In 2011 Jeong, et al. [30] prepare carrier transport and recombination 

mechanisms in Cu2O–ZnO heterojunction thin film solar cells and 

investigated through an analysis of their current–voltage 

characteristics in the dark and under various illumination intensities, 

as a function of temperature between 100 K and 295 K. The Cu2O–

ZnO heterojunction solar cells were prepared by metal organic 

chemical vapor deposition of Cu2O on ZnO films sputtered on 

transparent conducting oxide coated glass substrates. 

2- In 2012 Kidowaki, et al. [31] They use a spin-coating process to 

construct cuprous oxide (CuO)-based solar cells containing fullerene 

(C60) on indium tin oxide (ITO). Solar cells with the CuO/C60 

construction have their microstructure and cell performance examined. 

Fabricate a photovoltaic device using an ITO/CuO/C60 hererojunction 

structure. X-ray diffraction was used to analyze the crystal structure of 

the CuO active layer. The current energy rates of solar cells are also 

reviewed. 

3- In 2012 Gershon, et al. [32], a novel approach to overcoming the 

limitations of low long-wavelength absorption short charge transport 

lengths in electrodeposited bilayer ZnO/Cu2O solar cells. They reduce 

the Cu2O thickness to approximately the minority carrier transport 

length and coat a film of a semiconducting polymer between the Cu2O 

and a top electrode 

4- In 2012 Paracchino, et al. [33], a thorough investigation of the 

influence of electrode position settings on Cu2O' photo-

electrochemical properties. For this semiconductor, the effect of 

deposition variables (temperature, pH, and deposition current density) 

on conductivity has been extensively studied in the past. They 
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examine the photo activity of Cu2O films deposited under various 

conditions and correlate the photo response to morphological features, 

film orientation, and electrochemical characteristics. Under chopped 

simulated AM 1.5 light, the photo-electrochemical response was 

studied using linear sweep voltammetry. For a film thickness of 1.3 m, 

the greatest photocurrent obtained was 2.4 mA cm
-2

 at 0.25 V versus 

RHE. 

5- In 2013 Noda, et al. [34] they fabricate Cu2O/ZnO heterojucntion 

solar cells were successfully obtained by a magnetrons putter 

deposition method. The Cu2O thin film was deposited by the method 

using a sintered Cu2O ceramics target. Crystalline phases of the films 

were controlled by adjusting an O2 flow rate ratio (O2/(Ar+O2)) 

precisely during the sputtering process and Cu2O single phase 

polycrystalline films were obtained at room temperature. 

6- In 2015 Yu, et al. [35] they produce F-doped Cu2O thin films with 

various F contents on ITO glass using a simple electrochemical 

deposition process. The produced F-doped Cu2O thin films have n-

type semiconductor properties and exhibit very high electrical and 

optical properties, particularly for the one with an F/Cu = 1:2 

preparation molar ratio. This sample has a one-of-a-kind net 

microstructure that allows for the best visible light absorption, and its 

electron concentration is more than ten times higher than pure Cu2O. 

7- In 2016 Sboui., et al. [36] Hybrid paper–TiO2, paper–Cu2O–TiO2, and 

paper–TiO2–Cu2O photo catalysts were made using a nonhydrolytic 

sol–gel procedure, moderate hydrothermal treatment to manufacture 

the TiO2 layer, and a reduction method to make the Cu2O 

nanoparticles. Raman, TGA, FE-SEM, UV-Vis, and XPS were used to 

characterize the hybrid photo catalysts. The immobilized TiO2 was 

discovered to generate a homogenous thin layer of nanoparticles 
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smaller than 10 nm in size. Cu2O nanoparticles with diameters ranging 

from 30 to 100 nm were created on top of the TiO2 layer or by 

reducing Cu2+ ions. When subjected to simulant solar light, all of the 

produced hybrid catalysts demonstrated effective photo catalytic 

capabilities for the degradation of toluidine. 

8- In 2018 Zang [37] Because of its low cost, nontoxicity, and high 

mobility, Cu2O is one of the most appealing photovoltaic materials for 

solar cells. With properly aligned and micrometer grain sized Cu2O 

films, an obvious increase in power conversion efficiency (PCE) for 

ZnO/Cu2O solar cells was proven experimentally. Cu2O was made by 

oxidizing Cu foils with a radical at a low temperature of 500°C. 

Perfectly aligned and micrometer sized Cu2O crystals (3 4 lm) could 

be formed after a quick quenching and post annealing treatment. 

Cu2O's crystal structure and optical characteristics were studied in 

depth. The PCE of solar cells based on Cu2O with treatment was 3.18 

percent, leading to a considerable PCE improvement of 60.6 percent 

when compared to conventional solar cells without any treatment. 

9- In 2018 Khan, et al. [38] they are getting ready Thermal evaporators 

deposit polycrystalline cuprous oxide (p-Cu2O) films on Cu substrates 

for various oxygen pressures (OP) (0.2, 0.3, and 0.4 mbar).. The Cu 

(200), Cu2O (200), and Cu2O (200) XRD patterns demonstrate the 

evolution of Cu (200), Cu2O (200), and Cu2O (200). (311) The 

spacing and lattice constant, respectively, are 0.210, 0.128 nm and 

0.421, 0.425 nm.. With increasing OP, the thickness and growth rate 

of P-Cu2O films are determined to be 87.9, 71.9, 65.5 nm and 17.6, 

14.2, 13.1 (nm min-1).  

10- In 2020 Tuama, et al. [39], they prepare Cupreous oxide (Cu2O) 

nanofilms by thermal evaporation technique with various thickness 

(50, 65, 75 nm). Surface morphological properties of Cu2O films were 
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examined via atomic force microscope (AFM). The root mean square, 

average roughness, number of grains on surface, and average 

diameter are studied from atomic force microscopy. The optical 

properties were studied from recording the absorption spectra via UV-

Visible spectrophotometer in the wavelength range of 190-1100 nm. 

11- In 2020 Kara, et al. [40] they used a simple two-step             

electro-deposition procedure to successfully manufacture Cu2O: 

Na/ZnO/FTO heterojunctions. The effects of Na doping on the 

electronic, morphological, microstructural, optical, and electrical 

properties of nanostructures were studied. The deposition took place at 

different Na ion concentrations and a constant bath temperature (70 

°C). The selective potential for electrode position of pure Cu2O was 

determined using cyclic voltammetry. The Cu2O layers had p-type 

conductivity, while the ZnO films had n-type conductivity, according 

to Mott-Schottky electrochemical impedance study. All doped and 

undoped Cu2O nanostructures have a polycrystalline nature, according 

to X-ray diffraction investigation, with highly cubic Cu2O (111) 

oriented crystallites and a hexagonal wurtzite structure of ZnO with 

(002) sample treated. 

12- In 2021 Kumar, et al. [41] We used the sol–gel process to make 

CuO and Cu2O nanoparticles for use in photovoltaic and energy 

storage systems.. The production of pure CuO and Cu2O 

nanostructures with average crystallite sizes of 31.9 and 39.3 nm, 

respectively, is clearly seen in the XRD pattern. The creation of pure 

CuO and Cu2O nanoparticles is also confirmed by FTIR spectroscopy. 

CuO and Cu2O have optical energy band gaps of 2.18 eV and 1.62 eV, 

respectively, as predicted from tauc's figure. The photoluminescence 

spectra's broad and visible emission peaks are linked to the 
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superposition of numerous flaws in the matching CuO and Cu2O 

nanostructures. 

13- In 2021 Alsultany. et al. [42] manufacture homogeneous and 

excellent crystal quality cuprous oxide (Cu2O) nanoparticles on 

transparent conductive/glass substrates, a seed layer-assisted chemical 

bath deposition (SCBD) approach at low temperature has been 

devised. Prior to producing the Cu2O nanoparticles, the ITO seed 

annealing procedure was performed with a continuous beam (CW) 

CO2 laser.. Controlled synthesis of Cu2O lms was explored in this 

study by adjusting the growth temperature to 55, 60, 65, and 70 

degrees Celsius, respectively. The work proposes a synth20etic 

strategy for generating high-quality Cu2O nanoparticles for optical and 

electrical applications utilizing the SCBD approach. 

1-5 Aim of the Work 

In this study, thermal evaporation technique was used to 

fabricate nano-layers with very fine particle size from Cu2O 

nanoparticles. Nano-layers were formed for low refractive index, and 

study the structure and optical properties to candidate these films for 

optical devices.  
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2.1 Introduction 

 This chapter focuses on the theoretical part, which represent by 

thermal evaporation: optimization, advantages, disadvantages, 

specifications of the system as well as structural and morphological 

properties (X-ray diffraction, atomic force microscopy (AFM) and 

scanning electron microscope (SEM)), optical properties of crystalline 

semiconductors (the electronic transitions, optical constants, and 

dispersion parameters).  

2.2 Thermal Evaporation 

An electric resistance heater melts the material and raises the vapor 

pressure to a practical range in a thermal evaporator. This is done at a 

high vacuum to prevent the vapor from interacting with or scattering 

against other gas-phase atoms in the chamber, as well as to reduce the 

incorporation of contaminants from the residual gas in the vacuum 

chamber. [43.44]. Thermal evaporation is the most straightforward 

method of depositing material onto a substrate at a pressure of 10
-7

 

mbar, with high film quality. The configuration of a basic coating system 

is shown in Figure (2.1) [45, 46]. 

A thermal evaporation is a common method of physical vapor 

deposition  (PVD). It is one of the simplest forms of PVD and typically 

uses a resistive heat source to evaporate a solid material in a vacuum 

environment form a thin film. 
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Fig. (2.1): Configuration of a basic coating system [45, 46]. 

2.3 Structural and Morphological Properties: 

2.3.1 X-ray diffraction (XRD) 

X-ray diffraction (XRD) is a technique for determining the atomic 

structure of materials at the atomic level. The method is based on the fact 

that X-ray wavelengths are the same size as the distances between atoms 

in condensed materials. When a material exhibits a long-range (at least 

m-range) periodic atomic order, this is referred to as a periodic atomic 

order., It is bombarded with X-rays and behaves as an extended periodic 

grating, producing a diffraction pattern with several sharp spots known as 

Bragg diffraction peaks. [47]. The spatial features of the grating can be 

determined by measuring and evaluating the positions and intensities of 

the Bragg peaks. The three-dimensional (3D) atomic arrangement in 

crystalline materials must be determined. This is the essence of XRD so-

called "crystal structure" analysis. [47]. When a monochromatic X-ray 

beam strikes a crystal sample, constructive diffractions (or interference) 
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from parallel planes of atoms with inter-planar spacing (d) occur, as seen 

in Fig (2.2) if Bragg's law holds true [48]. 

2dsinθ = nλ                                                (2-1) 

where n is integer that shows the order of the reflection, θ is Bragg angle, 

and λ is the wavelength of the x-ray beam, (d) the inter-planar distant. 

 

Fig. (2.2): Bragg diffraction [48]. 

2.3.1.1 Parameters
’
 Calculation   

Normally XRD is used to calculate different parameters, which 

could be used to clarify the studies of the deposited films. 

1. Full width at half maximum (FWHM) (β)  

Full width at the half of the maximum intensity (FWHM). The 

FWHM of the preferred orientation (peak) could be measured, since it is 

equal to the width of the line profile (in degrees) at the half of the 

maximum intensity [49]. 
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2. Average crystallite size (D)   

The crystallite size (D), can be estimated using the Scherer’s 

formula [50] : 

 

D = 0.9λ /β cosθ                                        (2-2)

 

where λ is the X-ray wavelength (Å) , β is the full width at the half 

of the maximum intensity (FWHM) (radian), θ is Bragg diffraction angle 

of the XRD peak (degree). 

2.3.2 Scanning Electron Microscopy (SEM) 

Scanning electron microscopy (SEM) is an important tool to 

investigate the surface and morphology of nanostructures. We may use it 

to calculate the nanostructures' diameter, length, thickness, density, form, 

and orientation. The schematic diagram of the SEM apparatus is shown in 

Fig (2.3). [51]. Warming an electron gun made of tungsten filament emits 

electrons, which are then guided and focused on the specimen by an 

anode and various electromagnetic lenses placed between both the 

electron gun and the specimen. After striking the sample, these projected 

electrons emit secondary and back scattered electrons. Indexer the 

secondary and back scattered electrons expelled from the sample, and 

these detectors convert the discovered electrons into an electronic signal 

that is supplied to a computer.[51] 
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Fig. (2.3): Schematic diagram of the scanning electron microscopy [52]. 

2.3.3 Atomic Force Microscopy (AFM) 

AFM (atomic force microscope) is a sort of scanning probe 

microscopy with a resolution of fractions of a nanometer, which is more 

than 1000 times higher than the optical absorption edge. In 1986, Binnig, 

Quite, and Gerber developed the first AFM. One of the most important 

technologies for photographing, measuring, and manipulating materials at 

the nanoscale is the AFM. The word "microscope" in the title is a 

misnomer because it indicates that the information is collected by 

"feeling" the surface with a mechanical probe, rather than by looking at it. 

Piezoelectric components offer very fine scanning by allowing tiny but 

accurate and exact movements on (electronic) command. [53]. 

The block diagram of AFM is shown in Figure (2.4). The AFM is 

made up of a microscale cantilever with a sharp tip (probe) that is used to 

scan the surface of the material The AFM scans a surface using a fine 

ceramic or semiconductor tip, similar to how a phonograph needle scans a 

record. When the tip comes into contact with a sample surface [53], Van 
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der Waals forces between the tip and the sample cause the cantilever to 

deflect. A laser reflects at an oblique angle from the very end of the 

cantilever, capturing the magnitude of the deflection. The resolution of 

the hills and valleys that make up the surface topography can be 

determined by plotting laser deflection versus tip position on the sample 

surface [54]. The tip of the AFM can either touch the sample (contact 

mode) or tap across the surface (tapping mode), similar to a blind person's 

cane. [55]. 

 

Fig. (2.4): Block diagram of atomic force microscope [54]. 

2.4. Optical Characters of Crystalline Semiconductors  

When a photon's energy (hʋ) is equal to or greater than the 

forbidden energy gap (Eg) in crystalline semiconductors, an electron in 

the valence band absorbs high energy from the incident photon in order to 

escape to the conduction band. [56]. 

hʋ ≥ Eg                                                             (2-3) 
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     where (ʋ) is the frequency in Hertz (Hz), and (h) is the Plank constant 

(6.62510
-34

J.s), and The spectroscopy of the incident rays region that 

initiates electron transport is known as (fundamental absorption edge). 

The basic absorption edge is one of the most noticeable aspects of a 

semiconductor's absorption spectrum.It equals the difference between the 

top valence band and the bottom conduction band.as shiw in Fig. (2.5) 

[57]. 

 

Fig (2.5) Crystalline semiconductor fundamental absorption edge [57]. 

     When (Eg=hʋ°), where (νo) is called critical frequency and the 

wavelength facing it is called wavelength cut off (λc). This process 

happens when the  width of forbidden energy gap equals to incident 

energy photon which can be expressed in equation (2.3)  [58], 

λ = hc / Eg = 1.24 / Eg                                         (2-4)  

where (c) is speed of light in vacuum 

2.4.1 .The Electronics Transition:  

       The electrical transitions can be divided into two categories [59]: 
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2.4.1.1. Directly transitions:  

When the bottom of the conduction band (C.B) is exactly over the 

top of the valence band in semiconductors, this transition occurs (V.B). 

This indicates that their wave vectors have the same value (K=0). When 

(Eg=hʋ), the absorption appears in this state. The rules of conservation of 

energy and momentum were required for this transition type. Direct 

transitions are divided into two categories: [60], 

a- Allowed direct transition 

       Fig (2.6.a) shows these transitions occur between the top and bottom 

points of the (V.B) and (C.B). The equation gives the empirical 

relationship for this type of transition. [60], 

αhʋ ≈ [hʋ - Eg]
1\2

                                         (2-5) 

Where (  ) is the absorption coefficient  

b- Forbidden direct transitions 

      Figure (2.6.b) shows these transitions take place between the top and 

bottom points of (V.B) and (C.B). The equation represents the empirical 

relationship that corresponds to this transition. [61], 

αhʋ ≈ [hʋ-Eg]
3\2

                                             (2-6) 

2.4.1.2 Indirect Transitions 

This transition happens when In curve, the bottom of (C.B) is not 

over the top of (V.B) (E-K). The electron transits from (V.B) in a non-

perpendicular manner, with the wave vector of the electron before and 

after the transition not equal ( ∆K≠0). For the conservation of energy and 

momentum law, this transition type occurs with the help of a similar 

particle named "Phonon." As a result, the assistance of a phonon is 

required to con [61], 
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  hʋ = Eg ± Ep                                             (2-7) 

  hkf = hki ± hkp                                          (2-8) 

where  is the energy of absorbed or emitted phonon. 

1- Allowed  indirect transitions 

     Fig (2.6.c) shows these transition occuring between the top of (V.B) 

and the bottom of (C.B) which are found in the difference region of (K-

space), so that [61],  

  αhʋ ≈ [hʋ - Eg]
2
                                                     (2-9)  

2- Forbidden  indirect transitions 

       Fig (2.6.d) shows these transitions occurring between near points in 

the top of V.B and near points in the bottom of C.B. The absorption 

coefficient for transition with a phonon absorption is given by the 

following equation [62],  

  αhʋ ≈ [hʋ - Eg]
3
                                                    (2-10)  

 
Fig. (2.6): The types of transition [60]: 

(a) allowed direct, (b) forbidden direct, (c) allowed indirect, (d) forbidden 

indirect. 
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2.4.2 Optical Constant: 

Because they characterize the optical behavior of materials, optical 

constants are particularly important parameters. The extraction of optical 

constants from various forms of optical measurements is a popular topic 

of study. [63]. The refractive index (n), extinction coefficient (k0), and 

real (_r) and imaginary I components of the dielectric constant were 

among the optical constants. The refractive index is a quantity that is 

connected to reflectance and is defined as [64]: 

 

where ( ) is the reflectance.  

       The extinction coefficient ( ) is related to the exponential decay of 

the wave as it passes through the medium and it is defined as [65]:  

 

where ( ) is given by [65]: 

  

       The absorbance is (A) and the sample thickness is (t). And (R) is 

derived from the equation below. [65]: 

  

     Dielectric constant represents the ability of material to polarization, 

whose expression, is given by the following equation [66]: 
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        From equations (2.17) and (2.18), real and imaginary represent 

function of complex dielectric coefficient which can be written as in 

following equation [66], 

  

  

2-5  Dispersion parameters   

They introduced an energy parameter, Ed , to describe the 

dispersion of the refractive index. In terms of this dispersion energy, Ed , 

and single oscillator energy, Eo , the refractive index can be expressed in 

the form (2-21) and (2-22). 

n 
2
 -1 =Ed Eo\E

2
o-(hv)

2  
                                                                  (2-21)

  

n
2
o =1+   Ed\Eo                                                                                                                                 (2-22)  

      Where: n refractive index, Ed dispersion energy, Eo single oscillator 

energy of the electronic, no static refractive index 

        Where E = hv is the photon energy. Blotting (n
2
 - 1)

-1
 against (hv)

2
 

the investigated film allows to determine the values of the dispersion 

parameters Ed and Eo. The calculated values of Ed, Eo and the high-

frequency dielectric constant. 

The energy of dispersion Ed corresponds to the dispersion energy 

and measures the average strength of interband optical transitions. Ed is 

the effective oscillator, and Eo is the average strength of interband optical 

transitions. Ed is related to changes in the structural order of the material, 

i.e., it is connected to the ionicity, anion valiancy, and coordination 

number of the material. The single oscillator equation has the benefit of 

providing an intuitive physical interpretation of the measured values 
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when fitting experimental data. The average gap, Eo, in particular, 

provides quantitative information on the material's overall band structure. 

This differs from the information obtained from the optical gap Eg 

(Eo=2Eg), which investigates the material's optical characteristics at the 

band edges. Localized states near the conduction or valence band "tail 

states" in particular may have a significant impact on optical absorption 

and hence reduce the optical gap., whereas if they have a small 

polarizability, they will result in a small effect on the refractive index: 

such tail states increase the “Urbach tail”, but have little effect on the 

average gap Eo [67]. The static refractive index, no , has been calculated 

from WDD dispersion parameters, Eo, and, Ed, using the formula (2-22) 

M-3 moments of the optical spectra can be obtained from the relationships 

[68]. The M-1 and M-3 moments of the optical spectra can be obtained 

from the relationships [68]: 
 

E
2

o = M-1\M-3                               (2-23) 

E
2

d=M
3

-1\M-3                               (2-24) 

          The obtained values are given formula (The M-1 and M-3 moments 

changed due to the formation coordination Wimple-DiDomenico. 
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3.1 Introduction 

This chapter emphasizes on the experimental details used in 

fabrication and investigation of pure Cu2O thin films with different 

thicknesses by thermal evaporation method on glass substrate The 

analysis of structural and morphological aspects by X-ray diffraction 

(XRD), scanning electron microscope (SEM), and atomic force 

microscope (AFM), as well as the assessment of grain size, are described 

as approaches for preparing and testing the structure of thin films. Thin 

film optical measurements include transmittance (T), absorbance (A), 

absorption coefficient (α), optical energy gap (Eg), refractive index (n), 

extinction coefficient (ko), and dielectric constants (Ɛr and Ɛi) as well as 

dispersion parameters for t1 one-layer 25 nm.t2 one-layer 40 nm, t3 two-

layers 65 nm, and t4 three-layers 90 nm. Where t3 = t1 + t2 and t4 = t1 + t2 

+ t1. A Fig 3-1 shows a schematic diagram of the experimental study  

3.2 Nanomaterial Used: 

         The copper oxide nanopowder (Cu2O: 18 nm Super fine 99.86%). 

The prepared films were deposited as multilayers as in table (3.1)  

Table (3.1): The prepared nanolayers of Cu2O. 

Thickness (nm) No of layers Film symbol 

25 1 t1 

40 1 t2 

65 2 = t1+t2 t3 

90 3 = t1+t2+t1 t4 

 



Chapter Three                  Experimental Procedures and Measurements  

 

26 

CU2O nanoparticle 

Thickness Measurements 

using weight method  
 

Structural (XRD) 

and morphological 

(AFM) properties  

Dispersion 

parameters 
Optical 

constants 

 

Transmittance and 

Absorbance 

Optical 

properties 

 Using thermal evaporation technique to prepare (CU2O) thin 

films on glass  

 

  

XRD SEM AFM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3.1) Schematic diagram of experimental work. 
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3.3 Substrate Preparation  

Glass substrate was used for depositing thin films by thermal 

evaporation, each of (2.54 × 7.62) cm
2
 area were used with thickness 

(0.1-0.12) cm. These glass slides were subjected to the following steps: 

1- The substrates were cleaned by alcohol. 

2- The substrates were immersed in a clean beaker containing distilled 

water, and then washed ultrasonically for 10 min.  

3- Lastly, the glass substrates were dried by an air-jet and were rubbed 

with soft paper.   

3.4 Evaporation Boat 

The most commonly used materials for evaporation boat are metals 

with a high melting point, such as tungsten (W) (M.P = 3370
 o

C), and 

molybdenum (Mo) (M.P = 2622 
o
C). In this work, molybdenum boat was 

used for the deposition of Cu2O nano-layers, as shown in Fig. (3.2). 

 

Fig. (3.2) Molybdenum Evaporation Boat. 

3.5 The Coating Unit 

    The vacuum unit system is: 

1 -Edwards Auto 306. 

2 -Uses Molybdenum filaments to heat evaporates. 
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3 -Ultimate chamber pressure 1 × 10
-7

 mbar. 

4 -Typical filament currents are 100-200 A. 

5 -Maximum deposition thickness that can be achieved is 1.5 µm. 

  The main constructions of the typical vacuum coating unit are shown in 

Fig. (3.3). 

 

Fig. (3.3) Thermal evaporation system. 

3.6 Thin Film Growth  

In the present work, nano-layers of Cu2O have been obtained by 

the Cu2O powder (purity 99.99%). The deposition of Cu2O films have 

been performed by electrical resistance heated thermal evaporation 

process. In this process, the electrical power is passed through the boat to 

create a vapor which travels in straight line paths to the substrate. In 

general, there are three steps in any vacuum deposition process, creation 

of an vapour from the source material, transport of the evaporate from the 

source to the substrate and condensation of the vapour on to the substrate 

to form the thin film deposited as in Fig.(3.4). In this work, the 

evaporation processes have been performed at room temperature (R.T). 
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The pressure during the evaporation was approximated to 10
-7

 mbar with 

a rate of deposition 0.5 nm/s The distance between the source and 

substrate was kept at 15 cm.  

 

Fig. (3.4) Basic steps deposition processes. 

3.7. Measurement of Film Thickness: 

        One of the most significant thin film parameters is thickness. The 

thickness of thin film can be measured using a variety of methods. The 

thickness of the films was assessed using an optical measuring and weight 

approach in this study. 

3.7.1. Optical measurement methods:  

Film thickness measurements by optical interferometer method 

have been obtained. This method is based on interference of the light 

beam reflection from thin film surface and substrate bottom. He-Ne laser 

(632 nm) was used, the thicknesses were determined by the difference in 

optical path lengths of the two reflections, as shown in Fig.(3.5). 

Evaporate  

Substrate  

Source  

Vacuum vessel  
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Fig. (3.5) Optical thin film measurement. 

3.7.2 The weight method  

Thickness of the thin films has been calculated allowing to the 

equation below [1]: 

    ………………..….  (3-2) 

where:  

 t: is thickness of the thin films (nm). 

 m: mass of the material in (g) 

 ρ: is the density of material (g/cm
3
).  

 R: is the distance between the substrate and the boat (cm).  

This method gives an approximate thickness because not all the 

material is deposited on the substrate but some of the material lost or 

fleeing on the sides of the heater. 
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3.8 Structural and Morphological Measurements 

3.8.1 X-ray diffraction (XRD) 

The main purpose of these measurements is to investigate the type 

of the structure of the prepared thin films. The entire structure of bulk 

solids, including lattice constants, identification of unknown materials, 

orientation of single crystals, orientation of polycrystals, flaws, stresses, 

and so on, has long been determined using this experimental 

methodology. SHIMADZU'  X-ray diffracts meter (XRD-6000) measures 

intensity as a function of Bragg's angle. The situation is. CuKα source 

emitting radiation at a wavelength of 1.5406 Ǻ .  

Target: Cu 

Current:30 mA. 

Voltage:40 kV. 

speed of Scanning: 0.25 deg/min 

3.8.2 Scanning Electron Microscope (SEM)  

In the SEM, a state-of-the-art high resolution LEO 1530 field 

emission scanning electron microscope with EDX system from OXFORD 

is available. It is a high performance instrument designed for analytical 

applications featuring the GEMINI column technology. It is controlled by 

a 32 bit computer system using Microsoft Windows NT as operating 

system, The examinations were made at XRD Laboratory - University of 

Kashan, Iran. as shown in Fig.(3.6) 
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Fig. (3.6): The system of The SEM 

3.8.3.Atomics Forces Microscopies (AFM): 

 Atomics Forces Microscopies (AFM):enables you to have a look on 

surfaces on a molecular level. Instead of only pictures real topography 

data are collected. An atomic force microscope (AFM) is used to 

determine the size and other parameters of the produced nanoparticles. 

An AFM's working concept is depicted in Fig (3.7). The AFM is used to 

examine all of the samples. 

 

Fig. (3.7) The system of AFM 
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3. 9 UV-Visible Absorption Spectroscopy  

       Optical studies of Cu2O thin films are done with a spectrophotometer 

(Shimadzu UV-1650 PC) made by Phillips (Japanese firm), as shown in 

Fig.(3.8), for wavelengths ranging from 200 to 1100 nm. These optical 

measurements are used to calculate the optical characteristics. 

 

Fig( 3.8) shows a photo of a UV-VIS-NIR spectrophotometer. 
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4.1 Introduction: 

 This chapter presents the results and discussion of the structural, 

morphological, and optical properties of Cu2O nanolayers (the dispersion 

parameters were also investigated using Wemple-Didominco model) for 

t1 one-layer (25 nm), t2 one-layer (40 nm), t3 two-layers (65 nm), and t4 

three-layers (90 nm), where t3 = t1 + t2 and t4 = t1 + t2 + t1. These are 

deposited on glass substrates by the thermal evaporation technique.  

4.2 Thin Films Test and Results: 

 After the deposition of the thin films on glass slides was 

completed, structural and optical tests were performed to determine the 

effect of the preparation parameters used to prepare them in this study. 

4.2.1 Structural and morphological test 

 The structural characteristics of the thin films produced have been 

examined using the following technique: 

4.2.1.1 X-ray diffraction test: 

 Test the diagnostic results of X-Ray diffraction (XRD) were shown 

for Cu2O films for the four states t1, t2, t3, and t4, that the crystalline 

system of the prepared films is of the cubic type. In general, the other 

crystalline parameters after matching the diffraction peaks that appeared 

in the X-ray diffraction data with the diffraction peaks of the International 

Standard Card International Center for Diffraction Data (ICDD) are 

relevant. The number (01 - 075 - 1531) was with the following 

specifications shown in Table (4 - 1). 
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Table (4-1): Crystalline parameters of Cu2O films (ICDD = 01 - 075 - 1531) 

prepared on glass slides. 

Mineral name Cuprite 

Compound name Copper Oxide 

ICSD name Copper Oxide 

Empirical + Chemical formula Cu2O 

Crystal system Cubic 

Space group Pn-3m 

Space group number 224   

Unit cell parameters 

Lattice constants a=b=c =4.26A
° 

The angle between 

lattice constants 

α = β = γ =90°  

As distinct peaks appeared clearly at the position (2θ° = 29.6, 36.5, 

42.4, 61.5, 73.6) of the four samples t1, t2 ,t3  and t4 the greatest intensity 

appeared at (2θ° = 36.503), and as shown in Figure ( 4 – 1A, B, C, and D) 
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(A)                                                                     (B)              

                      

(C)                                                                           (D)   

Fig (4 - 1): XRD pattern of Cu2O for various layers: A) t1 one-layer (25 nm),  B) t2 

one-layer (40 nm), C) t3 two-layers (65 nm), and D) t4 three-layers (90 nm). 

 

Fig (4 - 2): XRD diffraction pattern of prepared Cu2O nano-layers.  

     Crystallite size rate was found based on XRD data using Scherer's 

Formula, represented by the formula (2-2) 
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       The average Crystallite size, FWHM, and peak position of the 

prepared thin film grains on the glass slide at the first layer thickness of 

25 nm are shows at tables (4 .2) 

Tables (4 .2): The average Crystallite size, FWHM, and peak position of the t1 

one-  layer (25 nm) sample  

peak position 

(2θ°) 

FWHM D(nm) Average 

Crystallite size 

(nm) 

29.449 1.643 4.673 

5.220 

36.485 1.201 6.277 

42.398 1.198 6.182 

61.520 1.125 6.064 

73.566 2.187 2.906 

          The average Crystallite e size, FWHM, and peak position of the 

prepared thin film grains on the glass slide at the first layer thickness of 

40 nm are shown in Table (4 - 3) 

Table (4-3): The average Crystallite size, FWHM, and peak position of the t2 

one-layer (40 nm) sample. 

 

 

 

 

 

 

 

 

 

 

peak position 

(2θ°) 

FWHM D(nm) Average 

Crystallite size 

(nm) 

29.631 0.879 8.736 

7.099 

 

36.502 0.976 8.139 

42.398 1.182 6.719 

61.520 1.104 7.195 

73.714 1.688 4.704 
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        The average Crystallite size, FWHM, and peak position of the 

prepared thin film grains on the glass slide at the third layer thickness of 

65 nm are shown in Table (4 - 4): 

Table (4-4): The average Crystallite size, FWHM, and peak position of the t3 

two-layers (65 nm) sample. 

peak position 

(2θ°) 

FWHM D(nm) Average Crystallite 

size (nm) 

29.631 0.880 8.723 

6.599 

 

36.502 0.976 8.131 

42.357 1.352 5.873 

61.372 1.277 6.2169 

73.796 1.959 4.053 

       The average Crystallite size, FWHM, and peak position of the 

prepared thin film grains on the glass slide at the fourth layer thickness of 

90 nm are shown in Table (4 - 5)  

Table (4-5): The average Crystallite size, FWHM, and peak position of the t4 

three-layers (90 nm) sample. 

peak position 

(2θ°) 

FWHM D(nm) Average Crystallite 

size (nm) 

29.631 0.884 8.684 

6.455 

 

36.507 1.437 5.524 

42.398 1.193 6.653 

61.532 1.281 6.198 

73.675 1.523 5.213 
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       The diffraction pattern and peak positions were the same as those 

found by D. S. C. Halin and colleagues [69]. 

4.2.1.2 Scanning Electron Microscopy (SEM): 

        The scanning electron microscope (SEM) showed the morphology of 

the Cu2O films on the glass slide in a high-magnification scan range, the 

results of the scanning electron microscope were as follows: 

      The prepared nanofilm of the one-layer with a thickness of 25 nm of 

scanning electron microscope image represented in fig (4 - 3) 

 

Fig.(4-3): Scanning electron microscope morphology image of t1 one-layer (25 nm 

thickness) Cu2O nanofilm. 

      It can be seen from the fig a non-compact semi-spherical shape with 

the emergence of other grains aggregations. The tool Image was used to 

determine the particle distribution and to calculate the average particle 

size. The images of the SEM assays showed the particle distribution and 

grain size value. The diameter of the grains ranged between (8 – 20 nm). 

The average diameter of the nanoparticles was found to be (11.65 nm), 

and Fig (4-4) shows these results: A- grains distribution and B- average 

grain Size. 
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Fig. (4-4): According to the SEM images of the t1 film of: 

a) grains distribution and b) average grain size 

    The prepared thin film of the first layer with a thickness of 40 nm 

shows the scanning electron microscope scan picture in fig (4 - 5): 

 

Fig: (4-5) Scanning electron microscope morphology image of t2 one-layer (40 nm 

thickness) Cu2O nanofilm. 

      It can be seen from the figure a non-compact semi-spherical shape 

with the emergence of other grains aggregations. The tool Image was 

used to determine the particle distribution and to calculate the average 

particle size. The images of the SEM assays showed the particle 

distribution and grain size value. The diameter of the grains ranged 

between (8 – 20 nm). The average diameter of the nanoparticles was 

found to be (9.03 nm), and Fig (4-6) shows these results: A- grains 

distribution and B- average grain Size. 
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Fig. (4-6): According to the SEM images of the t2 film of: 

a) grains distribution.  b) average grain size. 

           The prepared thin film of the second layer with a thickness of 65 

nm shows the scanning electron microscope scan picture in fig (4 - 7): 

 

Fig: (4-7) Scanning electron microscope morphology image of t3 two-layers (65 

nm thickness) Cu2O nanofilm. 

It can be seen from the figure a non-compact semi-spherical shape 

with the emergence of other grains aggregations. The tool Image was 

used to determine the particle distribution and to calculate the average 

particle size. The images of the SEM assays showed the particle 

distribution and grain size value. The diameter of the grains ranged 

between (8 – 20 nm). The average diameter of the nanoparticles was 

found to be (11.02 nm), and Figure (4-8) shows these results: A- grains 

distribution and B- average grain Size. 
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Fig.(4-8): According to the SEM images of the t3 film of: 

b) grains distribution.  b) average grain size. 

      The prepared thin film of the third layer with a thickness of 90nm 

shows the scanning electron microscope scan image in fig (4 - 9): 

 

Fig:(4-9) Scanning electron microscope morphology image of t4 three-layers (90 

nm thickness) Cu2O nano-film. 

It can be seen from the fig a non-compact semi-spherical shape 

with the emergence of other grains aggregations. The tool Image was 

used to determine the particle distribution and to calculate the average 

particle size. The images of the SEM assays showed the particle 

distribution and grain size value. The diameter of the grains ranged 

between (8 – 20 nm). The average diameter of the nanoparticles was      
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found to be (10.97 nm), and Figure (4-10) shows these results: A- grains 

distribution and B- average grain Size. 

    

Fig. (4-10): According to the SEM images of the t4 film of: 

a) grains distribution.  b) average grain size. 

According to the SEM tests, the thicknesses and weights of the 

layers on which the films were formed and the associated grain sizes for 

all layers are shown in Table (4 - 6). 

Table (4-6): The thicknesses, weights of the layers, and the amounts of granular 

volumes of the films deposited on these layers. 

Grain size (nm) Thickness (nm) Layers 

11.65 25 1 

9.03 40 1 

11.02 65 2 

10.97  90 3 

From the results of the SEM tests, it is clear that the thickness of 

the layer played an essential role in the nucleation process, which led to 

the formation of grain clusters that are evident for t1,t2,t3, and t4 as thin 

films grains of the first layer appeared homogeneous type Comparison of 

the growth method of grains for the thin films of the other three layers 

The above results are roughly in agreement with those of [70-72]. 
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4.2.1.3 Atomic ForcesMicroscopes(AFM)  

The Atomic Forces Microscopes image of Cu2O film with different 

layers and thicknesses of Cu2O (0.006, 0.015, 0.006) wt.% have been set 

by thermal evaporation method under the conditions.  

        The pressures of 1×10
-7

mbar, degree of depositions 0.5nm.s
-1

, which 

are annealed at 573 K temperature for 2 hours and thicknesses of 25 nm 

(1st layer), 40 nm (1st layer), 65 nm (2nd layer), and 90 nm (3rd layer). 

As seen in Figs. (4 - 11), the AFM images of the prepared layers reveal 

uniforms granular surfaces morphology 

         

        

Fig.(4-11): AFM images of Cu2O nanofilm of t1 of: 

A) Grain distribution, B) 3D, C) Height histogram, and D) 2D image with data 

report. 
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Fig.(4-12): AFM images of Cu2O nanofilm of t2 of: 

A) Grain distribution, B) 3D, C) Height histogram, and D) 2D image with data 

report. 

          

           

    Fig.(4-13): AFM images of Cu2O nanofilm of t3 of: A) Grain distribution, B) 

3D, C) Height histogram, and D) 2D image with data report  
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Fig.(4-14): AFM images of Cu2O nanofilm of t4 of: 

A) Grain distribution, B) 3D, C) Height histogram, and D) 2D image with data 

report. 

From the figures, the high homogeneity of the films appeared from 

the shallow values of roughness average (ranged from 0.275 to 0.615 nm) 

and the root means square (ranged from 0.378 to 0.77 nm). The ten-point 

height refers to the excellent distribution of the material (0.274 to 2.22 

nm); the results agree with the finding of the researchers [73-76]. All the 

results that come from the figures were listed in Table (4 - 7). 
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Table(4 -7): The AFM parameters of Cu2O nano-layers. 

Average 

diameter 

s(nm) 

Ten points 

height (Sz) 

(nm) 

Root means  

square(Sq) 

(nm) 

Roughness 

average(Sa) 

(nm) 

Thickness 

(nm) 

Number 

of layers 

306.8 0.737 0.378 0.275 25 1 

331.3 0.0413 0.716 0.576 40 1 

322.6 0.274 0.770 0.595 65 2 

248.0 2.220 0.765 0.615 90 3 

4.2.2 Optical Properties: 

4.2.2.1 Absorbance (A): 

Fig.( 4–15) shows the absorbance of (Cu2O) versus wavelength, the 

Figure indicates that the absorption rises with Cu2O layers (thickness), 

and reduction with wavelength rises [77]. The high absorption of the 

layers in the UV regions is due to the photon energy being adequate to 

comply with the atom, the excitation of electrons from a low to a high 

energy level with absorbing photon energy, and the excitation of electrons 

from a low to high energy level with absorbing photons energy [78]. 

 
Fig (4-15): The absorbance spectra of Cu2O nano-layers. 

 

 



Chapter Four                                                         Result and Discussion 

 

48 

4.2.2.2 Transmittance (T) 

The amount of transmittance decreases with increasing thickness, 

as shown in the graphic relationship between absorbance and wavelength, 

due to an increase in the number of atoms, which increases the number of 

photons colliding with incident atoms, resulting in a decrease in the 

transmittance. As well, the drop in transmittance due to the development 

of the absorption edge for thin-film became less sharp, which is 

attributable to the fact that larger crystallite volumes are deposited 

because since more atoms are found in the material, more states would be 

required for photons to be absorbed, according to research results[79 -80]. 

 

Fig.(4-16): Transmittance spectra of Cu2O nano-layers. 

4.2.2.2 Absorption coefficient (α) 

Fig (4-18) displays the optical absorption coefficient as a function 

of wavelength for (Cu2O) nano-layers. It was institute that the layers 

consume a little absorptions coefficient at minor photon energy after that 

growth with rising photon energy depending on the structure of the 

layers. The study of absorption coefficient spectra might expose the 

energy gap (Eg) among the valence bands and the conductions bands due 

to transitions of direct and indirect for both amorphous and crystalline 
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materials. The absorption coefficient rises with growth in (Cu2O) film. 

The absorptions coefficient (α) calculated from the following equation 

[81]: 

 

where:  

A: the absorbance. 

 t: the thickness of the sample. 

 

 

Fig. (4-17): The absorption coefficient of Cu2O nano-layers. 

 

4.2.2.3 Optical energy gap (Eg): 

The variance of direct for permitted transfer as a function of the 

photon energy of Cu2O thin film is depicted in Figure (4-18), according to 

the models of direct transition for amorphous semiconductors planned by 

Tauc [82].  
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        Where: B is a constant related to valance and conduction band 

properties. 

hυ: is photon energy. 

     Eg: is the optical energy gap difference, and n=1/2 is the permitted direct 

transfer.  

From the direct plots of (αhν)
n 
vs (hν) for these samples, as 

exposed in figure (4- 18), Eg calculated from the extrapolations intercepts 

to zero with the photon energy axis (αhν)
1/n

 → 0. It is seen that the 

concentration of (Cu2O) rising in the system leads to a reduction in Eg. 

This might be recognized as structural disorder growth of the thin film 

with growing (Cu2O) layers. 

 

Fig. (4-18): The relationship between (αhν)
1/2

 and photon energy for Cu2O nano-

layers. 

 

From figure (4 – 19), the energy gaps reduced from 3.8 eV to 3.57 

eV when the film thickness increased from 25 nm to 90 nm. 
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4.2.2.4 Extinction Coefficient (K) and Refractive Index (n): 

Fig ( 4-20) and (4-21) show the difference of the extinction 

coefficient (k) and refractive index (n) for Cu2O thin films as a function 

of wavelength. The extinction coefficient was determined by used 

equation (4 -4) [83-84]: 

 
Where: 

λ: is the wavelength. 

α: is the absorption coefficient.  

While the refractive index of the film calculated by the following 

equation [85]:  

 
Where: 

R: is the reflectance. 

k: is the extinction coefficient, the k values rise with growing (Cu2O) 

layers.  

This growth shows that the electromagnetic radiation is transient 

faster in the temporary photon energy with low levels through the 

material. This is the increment of photons dispersion and optical 

absorption in the prepared layers [85]. In contrast, the refractive index n 

rising with an increment of Cu2O layers and reduced with an increment of 

wavelength. This performance may be observed when the layers of Cu2O 

get thicker or as a variation in the absorption coefficient, which leads to a 

spectrum variation in the charge polarization location. 
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Fig. (4-19): Variation of the extinction coefficient as a function of wavelength for 

Cu2O nanofilms.  

 

Fig. (4-20): Variation of refractive index as a function of wavelength for Cu2O 

nanofilms.  

Equations can be used to measure the actual and imaginary parts of 

the dielectric constant (ε1 and ε2). [86]: 

 

 

 

The actual and imaginary portions of the dielectric constant are 

plotted against the incident wavelength as in Fig (4 – 22) and (4 – 23).                                               
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With the growth of Cu2O layers, the real and imaginary portions of the 

dielectric constant were improved because of the extinction coefficient 

and refractive index amassed [87]. 

 

Fig. (4-21): The variation of the real part of dielectric constant as a function of 

wavelength for Cu2O nanofilms.  

 

Fig (4-22): The variation of the imaginary part of dielectric constant as a 

function of wavelength for Cu2O nanofilms.  

4.2.2.5 Dispersion parameters: 

Dispersion parameters were studied and diagnosed using Wemple 

DiDomenico model. The quantities of  Were  M-1,M-3 calculated from the 

equations (2-22) and (2-23) And by drawing the graphic relationship 
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between  and  for the four layers: layer1(25 nm), 

layer1(40 nm), layer2(65 nm), layer3(90 nm), As shown in Figures (4-23), 

(4-24), (4-25) and (4-26), it is clear from these figures that the values of 

 decrease with the increase in the thickness of the layer, as shown 

in Table ( 4 – 8): 

 

Fig (4-23): The relation of the (n
2
-1)

-1
 versus (hυ)

2
 of Cu2O nanofilms of t1.  

 

Fig (4-24): The relation of the (n
2
-1)

-1
 versus (hυ)

2
 of Cu2O nanofilms of t2.  
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Fig (4-25): The relation of the (n
2
-1)

-1
 versus (hυ)

2
 of Cu2O nanofilms of t3.  

 

Fig (4-26): The relation of the (n
2
-1)

-1
 versus (hυ)

2
 of Cu2O nanofilms of t4.  

Table (4-8): Urbach energy and optical parameters of Cu2O thin films 

   

 

   (eV)  (eV)   d  (eV) Thickness 

0.003 0.26 1.50 2.26 4.45 8.9 5.61 25 nm 

0.520 0.24 1.36 1.86 3.60 5.2 1.90 40 nm 

0.016 0.34 1.32  1.75 3.30 6.6 2.70 65 nm 

0.011 0.44 1.49 2.23 3.15 6.3 7.80 90 nm 
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 Conclusions  

1-  The Cu2O nanalayers were successfully prepared using thermal 

evaporation    technique for (t1 ,t2, t3, t4) 

2-  Obtained Cu2O nanalayers with cubic and crystal systems resulted 

from X-ray diffraction test. Obtain grain sizes within the nanoscale   

(5 -8 nm) for grains prepared on the four thicknesses using the Debye-

Scherer equation refer to quantization effect. 

3-  The particle size within the range (9 -12 nm) resulted from SEM 

images refer to quantization effect, make the layers have a high 

surface area and a high ability to interact, which candidate it in solar 

cell application. 

4- A uniform granular surface shows morphology of the atomic force 

microscope (AFM) images of thin films.  The average roughness and 

the root mean square (RMS) are increased with the increasing of 

Cu2O ratio and thickness, where RMS is increased from 0.378 nm for 

thickness 25 nm and from 0.716 nm for thickness 40nm and from 

0.770 nm thickness 65 nm and from 0.765 nm for thickness 

5-  The absorbance of (Cu2O) versus wavelength, indicates that the 

absorption rises with Cu2O layers (thickness), and reduction with 

wavelength rises because of free electron number rising that absorbed  

of the light incident amount and  the transmittance decreases with 

increasing of thickness, due to an increase in the number of atoms, 

which increases the number of photons colliding with incident atoms, 

resulting in a decrease in the transmittance, furthermore the optical 

energy gap for four layers were respectively decreases from (3.57-3.8 

eV). the high energy gap refers to the quantization effect 

6-   Dispersion parameters were studied and diagnosed using Wemple 

        DiDomenico model the dispersion energy ,oscillating 

energy,energy   gap and momentum were obtained          
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Future Projects  

1. Using other types of deposition substrate such as quartz, silicon, or 

porous silicon to deposited Cu2O thin films. 

2. Using other deposition methods (chemical or physical) with the same 

parameters of preparation and deposition of Cu2O films approved in this 

study. 

3- Using other parameters for deposition of Cu2O thin films, such as     

changing the thickness of the layers or weight. 
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( بغماك Cu2Oفً هزا اىؼمو، دضشث الأغشٍت اىىاوىٌت مه أومغٍذ اىىذاط اىىقً )

11×  1قىٍت اىخبخٍش اىذشاسي حذج ضغط بخو  t4 و t3و  t2و  t1 مخخيفت
-7

ميً باس، مؼذه  

 واوىمخش / ثاوٍت ػيى اسضٍاث صجاجٍت فً دسجت دشاسة اىغشفت. 1.0اىخشعٍب 

اىمذضشة ػيى ششائخ  Cu2O( لأغشٍت XRDأظهشث وخائج دٍىد الأشؼت اىغٍىٍت )

ظ اىغطخ أن اىىظاً اىبيىسي ىلأغشٍت اىمذضشة مه اىىىع اىمنؼب. دسعج حضاسٌ صجاجٍت

(. دٍث أثبخج اىقٍاعاث أن الأغشٍت اىمذضشة بهزي اىطشٌقت AFMباعخخذاً مجهش اىقىة اىزسٌت )

قطش اىذبٍباث اىخشبٍؼً ومخىعط اىخشىوت واىجزس اىمخىعط ىها عطخ مخجاوظ. ٌضداد مخىعط 

. حشاوح قطش قطش اىذبٍباث( SEMبضٌادة اىغمل. أظهش اىفذض اىمجهشي الإىنخشووً )

 9.19واوىمخش،  11.10قطش اىجغٍماث اىىاوىٌت واوىمخش. مان مخىعط  01-8بٍباث ما بٍه اىذ

 ػيى اىخىاىً. t4و  t3و  t2و  t1واوىمخش ىلاغشٍت  11.10واوىمخش  11.97واوىمخش

ٌضداد مغ اىغمل، بٍىما حقو  Cu2Oأظهشث وخائج اىخىاص اىبظشٌت أن امخظاص اغشٍت 

شٌت مثو مؼامو الامخظاص و مؼامو الاونغاس و مؼامو اىخمىد و اىثىابج اىبظاٌضا اىىفارٌت. 

 ثىابج اىؼضه اىذقٍقً واىخٍاىً  ومؼاملاث اىخفشٌق.

 

 

 اىخلاطت



 

 

 جًهىرٌت انعراق

 وزارة انتعهٍى انعانً وانبحث انعهًً

 جايعت بابم

 كهٍت انتربٍت نهعهىو انصرفت

 قطى انفٍسٌاء

 

 

 

ت انتبخٍر يحضرة بتقنٍ Cu2Oطبقاث نانىٌت ين 

 الانكترونٍاث انضىئٍتنحراري نتطبٍقاث ا

 

 رضانت يقذيت

انى يجهص كهٍت انتربٍت نهعهىو انصرفت جايعت بابم كجسء ين يتطهباث  

 انحصىل عهى درجت انًاجطتٍر فً انتربٍت/ انفٍسٌاء

 

 ين قبم

 آٌاث عباش عبٍذ

 7102بكانىرٌىش تربٍت فً انفٍسٌاء 

 و(7102)جايعت بابم 

 بإشراف

 ن عباشأ.د. خانذ حنٍ
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