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Abstract 

Optical dynamics at Se/      interfaces  

 

In the current work, we designed and characterized a new class of optical receivers. The optical 

interfaces are fabricated by the physical vapor deposition of       onto selenium substrates. The 

compositional, optical and dielectric properties of the Se/      films are investigated in details. 

It is observed that thin films of selenium exhibit structural transitions from amorphous to 

polycrystalline phases after four weeks of deposition. The formed hexagonal phase of selenium 

strongly interacted with the hexagonal       forming novel characteristics. From structure point 

of view, coating of       onto Se decreases the defect density of Se, increase the crystallite 

sizes and lowered the percentage of stacking faults. Optically, Urbech’s band tails are formed, 

free carrier absorption is enhanced, the energy band gap of selenium shrinks. The formation of 

Se/      interfaces is accompanied by the conduction and valence band offsets         and 

0.63 eV, respectively. On the other hand, the dielectric dispersion analyses have shown that the 

formation of Se/      results in resonant dielectric spectra. The real part of the dielectric spectra 

of Se,       and Se/      have shown the possible formation of two dielectric resonators 

centered in the visible and near infrared ranges of light. The study here additionally included the 

optimization of the optical conductivity parameters for Se/      optical receivers. It was 

observed that the interfaces exhibit more efficient drift mobility with a Plasmon frequency that 

suits 4G/5G communication technology. We believe that optical interfaces can perform well in 

the optical communication technology.    
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Chapter One  

Introduction  

 

Selenium (Se) is an important semiconductor and is one of the most widely studied elements due 

to its unique physical properties such as high photo-conductivity, low solubility, high 

thermoelectric reactivation [1], and high resistance to dark conditions [2]. Selenium is an 

essential element with physical, chemical and biochemical properties, that plays an important 

role in human health. For examples, it can provide anti-cancer and enhance human immunity as a 

catalytic center of enzymes [3]. Recent studies have shown the effect of selenium on COVID-19 

patients through the production of antibodies and enhancement of the cell maturation and 

function laity [4]. Selenium nanoparticles have special interest because they have positive impact 

on planet organism function that can enhance antioxidant potential [3]. Selenium is used as a 

nano-sheet transistor in the manufacture of electrolyte gate devices, as it provides low energy 

consumption [5]. Experimentally amorphous selenium thin films mentioned to be an interesting 

material for use in the fabrication of many optical and optoelectric devices [6].  In addition, Se is 

used as a material in X-ray filament detector arrays, medical image sensors to improve the 

thermal stability of photo sensor and superconductors [7].   

 Moreover, the trigonal selenium as a semiconductor has a direct band gap of 1.95 eV. It is an 

absorber that provides the potential for the low cost fabrication of efficient solar cells [8]. For 

examples,                absorber are materials that are used in manufacturing single-junction 

solar cells or as a part of a tandem device structure in  thin film photovoltaic devices [9].  
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On the other hand, cadmium bromide (       ) compounds  have attracted the attention of 

researchers because they can be used in different application. One of these applications use a 

cadmium chalcogenides as a thin film of wide band gap semiconductor, suitable for fabricating 

quantum dots [10].  

In addition, using       as vander waals,       micro/nanotubes were employed as photo 

detectors, showing high current responsively ] 11,12  [ . As there is always a need to produce and 

develop new classes of optoelectronic devices, that fit well with technology updates, here in this 

work, we target fabricating new classes of thin film heterojunction devices benefiting from Se 

and       . These devices are to perform as multiple functional devices. Since we are  interested 

in obtaining high performance thin film light absorbers. We chose selenium thin film as a good 

absorber and cadmium bromide is considered an optimistic a bilayer for the preparation of 

heterojunction.   

Both the Se and       films are prepared by different deposition techniques. It’s mentioned that 

     , can be prepared by a thermal evaporation deposition technique under a low vacuum 

pressure [13]. Furthermore, compound thin films are composed of Se produced by chemical 

vapor deposition (CVD) and physical vapor deposition (PVD) techniques. In addition, Se sources 

are prepared by the pulsed laser deposition (PLP) technique [14]. Moreover,    /      hetero-

nanojunction doped with Mn was prepared by one – step synthesis and manufacturing by the 

chemical vapor deposition method of high purity    [11] .  

Selenium is expected to play an important role in optoelectronic technology. In this work, we are 

motivated to produce new types of devices. Cadmium bromide is regarded as a promising 

substrate for the preparation of heterojunction that can be used in electric circuits and sensors. 
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In the current work, we will first focus on the preparation and on the film’s basic physical 

characteristics. Then the nature of the formation of the films, in addition to the chemical 

stoichiometry, will be considered. From practical of view, we will focus on the optical properties 

of the films in an attempt to use them as optical absorbers. Particularly, the effect of       layer 

on the optical performance of Se will be considered. In addition, the enhancement in the 

dielectrically properties of the films will be taken into account. Moreover, computer simulation 

that imposes the Drude – Lorentz method to explore the optical conductivity parameters will also 

be considered. The thesis will report the drift mobility, the plasma frequency, the free hole 

density and the oscillator energies of the Se/      optical receives. 

The thesis here will be composed of the theoretical parts as in chapter two. This chapter will 

report all the mathematical relations used to explain the results. The setup of the experiments 

employed to handle the characteristics of the films will be reported in chapter three. In addition, 

chapter four of this thesis will focus on the main results we obtained for the heterojunction 

devices. Some of the concluding remarks will be mentioned in chapter five. 
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Chapter Two 

Theoretical Background 

2.1 X-Ray Diffraction (XRD): 

X rays are short electromagnetic waves that appear in the electromagnetic spectrum between 

           [16] . In this work we are interested in the x ray diffraction (XRD) technique. 

X ray diffraction is the most effective method, which is rapid and powerful, in the analytical 

technological field used for characterization a solid state materials and identifying their 

structural nature. It is based on the concepts of Bragg’s law. Further details are given in the 

following subsections.  

2.1.1 Bragg’s Law: 

Consider a crystal specimen that consists of parallel planes of atoms in a lattice, spaced a 

distance (   an inter plane between atomic planes. When a monochromatic X ray beam is 

incident onto specimen under study, with a known wavelength    . It’s angle of incident     will 

be reflected by the same scattering angle  . Constructive interference occurs when the path 

different between two rays is equal integer multiple     of wavelength ]11[. The case of a beam 

diffracted by an atomic plane is represented in fig. 2.1. Bragg’s law states that ]16[: 

                                                                      ( 2.1)  

Where   a diffraction angle between incident ray and plane surface,   inter planner spacing 

which is           and   the integer number reflecting the order of diffraction. 
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 Fig. 2.1: The schematic diagram of Bragg’s law. 

Through using Bragg’s equation, if the interplanar distance is known, it can be used to identify 

the crystal structure where a , b and c are lattice constants and hkl are the miller index for crystal 

planes as defined in the following table  ]11[: 

Table 2.1: The spacing interplanar formula for the six structures. 

crystal System Spacing Interplanar 

Cubic 
 

  
 

          

  
 

Hexagonal 
 

  
 

 

   
           

  

  
 

Trigonal 
 

  
 

 

   
           

  

  
 

Tetragonal 
 

  
 

 

  
        

  

  
 

Orthorhombic 
 

  
 

  

  
 

  

  
 

  

  
 

 Monoclinic 
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 2.1.2 Scherrer Equation and Structural Characterizations: 

The diffraction effects on the structural properties of materials involve diffraction angles and 

intensities. Analysis of the diffraction patterns leads to information about the crystal size. The 

well-known Scherrer equation that is used to determine the crystallite size for the most intensive 

peak broadening [11]  in the x ray diffraction patterns is derived below. The Scherrer equation 

could be found  in general form by the derivation of Bragg’s law, multiplying each side of 

Bragg’s equation 2.1 by an integer c with change cd by t, which t is the crystal thickness, 

assuming n=1 to get: 

                                                                                                                                     

                                                                                                                                         

Here, equation 2.3 becomes the     order reflection of a total plane with an inter planner distance 

t. From the derivative of both sides of equation 2.4: 

                                                                                                                       

  
        

       
                                                                                                                                

as well as    possibilities, positive or negative. Thus, an absolute value must be used. Applying 

the      ,      and substituting  
 

 
  for        from Bragg’s law to becomes: 

  
 

        
                                                                                                                                     

 Where     represents the half width of the peaks, in order that     is the full width of the peak 

at half maximum  (    from that substitution   for     , where is the angular width, D is the 

crystalline size equation as: 
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In addition, for many cases, it shows the exact scherrers equation which is multiplied by k with 

 : 

  
  

     
                                                                                                                                   

Were k is the scherrer constant, it depends on the crystalline shape,   is the wavelength of 

incident x ray,   is the line broadening of half the maximum intensity determined in radians, 

and   is the Bragg angle. Where   is the fall width at half maximum of diffraction peaks in 

radians (FWHM),   is the grain size of crystallite,        a geometric constant for a 

crystallite shape ]11[. For more information about different structural properties produced by the 

peak broadening as exhibited in fig. 2.2.]00[ shows the full peak intensity analysis. As such, the 

crystallite size ( ) was defined as: 

” the diameter of an individual crystallite in the crystal”  ]01[. 

The full width of half the maximum is measured by help of fig. 2.2:  

  
   

 
                                                                                                                                  

  
    

 
                                                                                                                                    

 

The value of FWHM      , which apply to form   ]00[: 

   
 

 
               (

    

   
)                                                                                                                                   
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Fig. 2.2: the full width at half maximum (FWHM) . 

  Strain ( ): the ratio of contraction or expansion in broadening length to the original length  ]03[, 

or can mean the variation on the individual crystallite lattice parameter in terms of root mean 

square:  

   
 

         
                                                                                                                                            

Dislocation density ( ): is characterized as the number dislocations of crystal per unit area of 

crystal structure, was determined with the help of equation [04] : 

    
   

   
                                                                                                                                         

 were a is the lattice constant along the a axis. Moreover, the stacking faults (  ) , which is a 

type of defect that characterize the disordering of crystallography planes, was calculated using 

the following equation [01]  : 

A 

B 

E 

C 

D 
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  √      
                                                                                                                            

Such the result was explained depend on the lattice mismatch    , which can be calculated by 

using the formula [06] : 

    
     

  
                                                                                                                                     

Where    is the lattice constant of upper layer and    is the lattice constant of the substrate layer. 

2.1.3 Crystallography: 

A crystalline solid consists of repeating patterns of atoms in three dimensions of a crystal lattice. 

The basic repeating structures of the smallest unit volume, which is defined as a unit cell.  The 

crystals are made of atomic planes that are spaced   apart. However can one determine  many 

atomic planes each with different   lattice spacing [01] , of a set of planes that are called Miller 

indices     were used  present portion of unit cell are the multiplicative inverse of intercept of 

the plane with axis in direction of unit cell [01] . The different basic atomic structures of 

crystalline produce a set of periodic conditions. There are seven evident structures of obtained 

fourteen different 3-dimentional configurations. These different atomic are arrangements are 

shown by the set of parameters, the lattice constants       and   with      and   of the angles 

between them. These configurations are called Bravies lattice and represented in Table 2.2 

below.  which their group of Bravies is classified into several types that depend on structure 

characterization for combined of fourteen Bravies lattices, were as the orientation of the plane is 

supplied by given the plane intersects of  the solids crystallography axis. The miller indices (hkl) 

provide the set of numbers that are calculated from the plane of surface.   
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Table 2.2. The    Bravies lattice for solid state materials and their conditions. 

Crystal structure Conditions Number of Bravies 

Lattice 

Cubic 

 

a1=a2=a3 
3 

α==γ=90
0
 

Hexagonal 

 

a1=a2≠a3 
1 

α== 90
0
, γ=120

o
 

Trigonal 

 

a1=a2=a3 
1 

α==γ<120
o
≠90

0
 

Tetragonal 

 

a1=a2≠a3 
2 

α==γ=90
0
 

Orthorhombic 

 

a1≠a2≠a3 
4 

α==γ=90
0
 

Monoclinic 

 

a1≠a2≠a3 
2 

α==90
0
≠γ 

Triclinic 
a1≠a2≠a3 

1 
α≠≠γ≠90

0
 

 

 

 

2.1.4 Derivation of the Spacing Interplanar of Hexagonal Lattice: 

 

Fig. 2.3: The hexagonal lattice structure 



11 
 

 
 

The parameter of hexagonal structure is an angle between basic vectors a and b is 120
◦
 that given 

as: 

          

            

         

With using to help the triclinic equation [01]  to confined the interplanar spacing: 

 

    
   

 

[                                             ]
 [

         

   
         

   
         

   

   

  
                      

   

  
                      

   

  
              

       ]                                                                                                                                                    

Which substitution the condition of the hexagonal structure to becomes: 

 

    
   

 

[           ]
 [

     

   
           

   
   

  
           ]                                    (2.18) 

 

    
   

 

[  
 

 
]
 [

     

   
   

 

 

   
   

  (
 

 
)]                                                                          (2.19) 

Where have a result:  

 

    
   

 

 
(
        

  
)  

  

  
                                                                                                        

 

2.2 Optical Properties: 

The optical properties of solids play an important role in the design and development of  

applications in photonics and optoelectronics. The essential optical properties can be explained 

using absorption coefficient, band gap theory, band overlapping, dielectric dispersion and other 

important properties that will be discussed in this chapter. 
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2.2.1 Optical Spectro-Photometry: 

Optical spectro-photometry is a non-destructive method of investigation into the electrical and 

optical properties of materials [01] . It is defined as science that gives information about the 

interaction of optical electromagnetic radiation with materials. That involve interactions the 

splitting of electromagnetic radiation into constituent wavelengths     such as microwaves, 

infrared, visible light and other wave with different frequencies ( ). The waves interactions can 

be classified into absorption, reflection and transmission. By considering a light beam of 

electromagnetic waves of a single frequency entering of medium from a vacuum. In fig.2.4 [30] , 

we show the transmitted, reflectance and absorbance of incident rays on an optical medium. 

               

Fig. 2.4: The transmittance, reflectance and absorbance of a light incident on the optical material. 

 

From the fig.2.4, the incident beam may reflect on the front surface or propagate through the 

medium to reach back surface. This back surface beam may be reflected or transmitted outside 

the medium. In the different types of interaction, the incident light beam consists of photons with 

energy (E) equal to [31] :    

       
  

 
                                                          (0.21) 

Incidence rays  

Absorbance  

Reflectance 

Transmittance 
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Where    is photon energy,    is Plank’s constant,    is frequency, c is the speed of light and    is 

wavelength. The Reflection cause for reduction of light wave velocity and refers to bending of 

light beams at interfaces that can be described by Snell’s law of refraction ]32[: 

                                                                                                                         (2.22) 

 where θ1 and θ2 are the angles of incidence and refraction, respectively, of a ray crossing the 

interface between two media with refractive indices  of  n1 and n2.  

 

2.2.2 Absorption of Light in Material: 
 

The interaction of energetic photons with the optical medium splits light into three types: 

transmitted, reflected and absorbed. The most attenuated phenomenon is the absorption, Which 

will happen when light completely propagates into the medium. It means the frequency of the 

light is resonant, exciting an electron from the valence band to the conduction band. The light 

absorption of the material can be calculated from the absorption coefficient ( ), which is a 

measure of the rate of decrease of light intensity when incident into the material by using the 

following relation: 

   
 

  
                                                                                                                         (2.03) 

Where   is absorption coefficient (    ),   is the absorbance intensity and   thickness (cm) of 

the sample. Consider the light beam are propagated in z-direction and the intensity at point z is 

     then the decrease of intensity of light in an incremental slice of thickness      is  [ 33] : 

                                                                                                                    (2.04) 

https://en.wikipedia.org/wiki/Angle_of_incidence_(optics)
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The above equation is integrated to obtaining Beer’s law: 

      
                                                                                                              (2.01) 

Where    is optical intensity at Z=0,       the absorption coefficient. The transmittance of light 

for two parallel surfaces is [34] :  

               
                                             (0.06) 

The transmittance of multilayer film is expression of [34] : 

  
             

   

                                                                                                         (2.01) 

Thus, the absorption coefficient       for samples deposition on glass substrate, can be 

calculated as: 

    
 

 
   

 

                     
     (2.01) 

2.2.3 Band Gap Calculation: 
 

Optical absorption spectroscopy is used to obtain the band gap and band structure of thin films. 

Analysis of optical absorption spectra is the most productive technique for understanding the 

energy band diagram of both amorphous and crystalline materials. From the meaning of the 

optical transition induced in the absorption process, which is considered the optical band gap 

value. Tacu’s equation measures the relationship between the absorption coefficient and the 

incident photon energy. The formula of Tauc’s equation is given by [31] : 

        (     )                                                                                                                                                                                                                                           



15 
 

 
 

were       is the incident photon energy,      is the energy band gap, (B) the absorption 

constant that depends on transition probability and ( ) is index that characterizes the optical 

absorption and is numerically equal to 2, 1/2, 1/3 and 3/2. There numbers relate to direct 

allowed, indirect allowed, direct forbidden and indirect forbidden transitions, respectively. 

In order to explain how to get the tauc’s equation, we start from the absorption coefficient ( )  

   
                                      ⁄  

               
                                                                                    (2.03) 

   
        

 
                                                                                                                                         (2.03) 

which   is Plank’s constant =   ⁄ ,    is the angular frequency of a photon and       is the 

quantum mechanical transition rate from an initial state to a final state where defined as: 

      
  

 
| |                                                                                                                             (2.03) 

      is the density of state and   is a matrix element describing the perturbation caused by 

light, where       integral formula is shown as: 

   ∫  
        

                                                                                                                                                                                                                                       

   is the interaction perturbation,   
 
 the initial state,   

 
 the final state and   is electron 

position, and the external perturbation can be expressed by: 

 ́   
 

  
 ⃗  ⃗⃗                                                                                                                                       (2.03) 

  is the electron momentum, which is evaluated as    ,     the free electron mass and  ⃗ is the 

potential vector where it: 
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 ⃗         
                                                                                                                                (2.03) 

The energy   expressed of charge particle which is shifted in the range by     that shows as: 

              
                                                                                                                            (2.03) 

The electric dipole (     : 

                                                                                                                                                  (2.03) 

Referring to the previous perturbation relation, and suitable to displaying as:        

 ́                                                                                                                                               (2.03) 

Then,  

 ́         
                                                                                                                                    (2.03) 

During to Bloch theorem, which gets the wave as follows functions expression as below:  

      
 

√ 
                                                                                                                                  (2.33)    

Can be applied to the initial and final states, where that   is volume normalization,   state wave 

function and      the perturbation functions, these parameters are used to prepare   as: 

   
 

 
 ∫   

                
      

                                                                                    (2.33) 

For solving the above integral, applies first the Bloch’s theorem. The density of energy d(E), 

then acts function as a conservation in momentum. 

                                                                                                                                        (2.33) 
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Here d(k) denotes the density function of moment and factor 2 for electron spin state. 

       
      

     
                                                                                                                                 (2.30) 

According to the definition of D(E), the number of states per unit volume in momentum space, 

So that,  

        
 

         
                                                                                                                 (2.33) 

        
  

                                                                                                                                 (2.33)  

And so, equ.2.39 becomes  

       
 

    
   

     ⁄                                                                                                                (2.33) 

Here,    is the energy and    is the effective mass with the following conservation of energy 

equation: 

     =     
     

  
                                                                                                                           (2.33) 

   is the energy gap and   the reduced electron – hole mass, which evaluated as: 

 

 
  

 

  
 
  

 

     
 
                                                                                                                          (2.33) 

The photon energy divided two regions above    and below energy gap, So that presented the 

density of state as:  

      {
 

   
(
  

  
)

 
 
(     )
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The resulting relation between 2.41 and 2.31, which is used to measure and simplify the 

equ.2.30, then we get: 

    
         

 
 

  
                                                                                                                              (2.33) 

                
 

                                                                                                                    (2.33) 

Here power factor 
 

 
 denotes the direct transition bad gap, instead of this case. Generally, 

                
                                                                                                                 (2.30) 

From the representation of     
 

    plot and by obtaining the linear fitting, m is the integer 

factor. the intercept of the E – axis becomes the energy gap for determined thin films. 

 

2.2.4 Direct and Indirect Transitions: 

The direct and indirect character of the band gap transition is an interesting parameter of 

semiconductors for optoelectronic devices. In the fig.2.5  [36] , it can be observed that the energy 

band gap range of  the valence bands and conduction band is consistent with the minimum energy 

state in conduction bands and the maximum energy state in valence bands. 
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A direct band gap forms if the conduction band minimum is at the same point in  -space as the 

valence band maximum, both corresponding to the same momentum point in the center of the 

Brillouns zone. An indirect band gap is assigned to the valence band maximum, which is 

misaligned with the conduction band minimum in momentum. 

 

2.2.5 Band Tails:  

Band tails are characterized by bands that appear more in an amorphous semiconductor, where 

localized electronic state that extended to band gap that below the conduction band (CB) or 

above the valence band (VB), as their simplified band diagram  shown in fig.2.6. That tail state 

as consequence of the disorder [31] .  

 

Fig. 2.5: Incident photons cause solid Interbrand (a)direct transition and (b)indirect transitions 
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Fig. 2.6: Energy band position 

Deep describes the absorption coefficient configuration at low frequency, were a new process 

can occur associated with free carriers. A photon excited an electron from an occupied state in 

valence band sate of to an unoccupied state conduction band. Thus, it a transition process is 

called inter brand transition.                                                                                                                               

Due to an impurity or defect present in the band structure of amorphous semiconductors more 

than crystalline, their large density of localized states leads to a high density of positively and 

negatively charged traps that lead to a decrease in the mobility of carriers [31] . Consider a p-type 

degenerate semiconductors with a valence band perturbation above Fermi level [31 ] .  

For this reason, the final state density    of conduction tails relations of the initial state    are as 

follow:  

       
 

  
⁄

                                                          (2.54) 

Which   : the dimension energy of density state and  : energy state, derived from the absorption 

coefficient definition used to derive the relationship between the band tail and   coefficient:   

        ∫ |  |
  ⁄  

 
  

⁄     

  
                                                                                   (2.55) 
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Which   is constant. let   
    

  
 with substituted   in the integral:   

          
  

  
     

  ⁄ ∫  
 

 
     

  
                                                                        (2.56) 

If      , the lower limit of the integral approach is   and the integral is divided into two 

steps (   ) and (0-
  

  
) to get: 

              
  

  
     

 
 ⁄ [

 

 
   

 

  ∫  
 

      

  
  

 
]                                                      (2.57) 

The slop of a semi-logarithm curve is as follows: 

[
       

     
]
  

                                                                                                                  (2.58) 

Then, the reciprocal relation: 

 

  
 

       

     
                                                                                                                       (2.59) 

Integrating the Egu.2.59 yields  

 

  
∫      ∫                                                                                                            (2.60) 

             
  

  
                                                                                                       (2.61) 

The result from the plot        with respect to the energy     is that the interband energy can be 

determined from the slop.  
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2.2.7 Dielectric Constant and Dielectric Refraction Index: 

 

The dielectric constant has significance for optical properties, which consists of the real part that  

is responsible for the ability to store the electrical energy in the material, while the imaginary 

part represents the damping in the wave and dissipation of energy. The other optical parameters 

are the refractive index (n) which it expresses the light interaction and its travel in the medium, A 

complex refractive index is a combined quantity involves of a real part that displays the 

refractive index ( ) and an imaginary part that where gives the extinction coefficient ( ) for 

material. The complex refractive index expression of the combination of the real and imaginary 

parts with the optical wave length derivative by dispersion equation [40 ] , is shown as follows:  

 ̃                                                                                                                          (2.62) 

                           
 

                                                                                                          (2.63) 

  is the refractive index,   is the extinction,    is the real dielectric constant and     the 

imaginary constant. The dielectric is the ratio of material permittivity preparation to the vacuum 

permittivity, for that to exhibit the dielectric constant equation and identified the combination 

between the extinction coefficient and the absorption coefficient, we assume an electric field in 

the x-direction travelling in z-axis and included the incident and reflected waves, 

 ⃗⃗      
                                                                                                                            (2.64) 

   is the amplitude at    ,   is wave vector and   is the angular frequency. The following 

formula examined the relation between the   and   : 
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                                                                                                                                   (2.65) 

It may be generalized with the help of complex refractive index. 

   
 

 
  ̃                                                                                                                          (0.66)    

when the electric field involved incident and reflected waves travelling through the z-axis, 

resulting in: 

 ⃗⃗      
  

  

 
 ̃           

                                                                                                   (2.61) 

 ⃗⃗   ⃗⃗  
  

  

 
      ⃗⃗  

   
  

 
    

                                                                                       (2.68) 

 ⃗⃗   ⃗⃗   ⃗⃗                                                                                                                       (2.69)            

which  ⃗⃗   ⃗⃗      ⃗⃗  are described by the continuity equation for    , the tangential magnetic 

field component at the dielectric surface. 

From definition, Maxwell’s equations [41] : 

    ⃗⃗    
 

 

  ⃗⃗⃗

  
  

  

 

  ⃗⃗⃗

  
                                                                                                 (2.70) 

  ⃗⃗ 

  
   

  

 

  ⃗⃗⃗

  
                                                                                                                      (2.71) 

From referring to equation 2.58 and its derivative relative to the z – axis: 

        
 

 
    

 

 
     

 

 
  ̃                                                                                    (2.72) 

The result of equation 2.72 after simplifying and rearrangement is given: 

           ̃                                                                                                            (2.73) 

By solving equations 2.69 and 2.73, we get: 

     
 

 
       

 

 
  ̃        )                                                                                          (2.74 (a)) 
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  ̃        )                                                                                      (2.74(b)) 

Which the reflected of the normal incident are getting as the follow [40] : 

   |
  

  
|
 

                                                                                                                      ( 2.75) 

Simplifying equation 2.75 through substation, the equations 2.74 (a) and 2.74 (b): 

   |
  

 

 
  ̃       

  
 

 
  ̃       

|
 

                                                                                                       (2.76) 

Substituting equation 2.52 in the equation 2.76 we get: 

   
          

                                                                                                                       (2.77) 

Consider the medium had strong absorption. In addition, the large values of n and k compared to 

unity terms (n >> k >> 1), the equation 2.77 yield to: 

   
        

                                                                                                                        ( 2.78) 

That obtained to, 

                                                                                                 (2.79) 

                                                                                            (2.80) 

Solving by the general law (  
   √      

  
 ) to existing: 

   
        √                     

      
                                                                             (2.81) 

For more to simplify we get, 

  
      

     
  √ 

   

   
                                                                                               (2.82) 

Then, the roots become: 

    
      

     
  √ 

   

   
                                                                                            (2.83 (a)) 
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  √ 

   

   
                                                                                            (2.83(b)) 

 That well an identified the effective dielectric constant (    ) which presented in the dielectric 

refractive index     as observed:        

  √                                                                                                                           (2.84)     

In terms of the equation 2.72 becomes: 

√     
      

     
  √ 

   

   
                                                                                         (2.85) 

Similar to that, the       roots are getting: 

     
  

      

     
 √ 

   

   
                                                                                          (2.86(a)) 

     
  

      

     
 √ 

   

   
                                                                                         (2.86(b)) 

To get the dielectric constant ( ) formula for derivation with respect to the complex refractive 

index ( ̃       ): 

 ̃        =√                                                                                                                    (2.87) 

Were, the non –magnetic material      then, 

 ̃        =√                                                                                                                   (2.88) 

The dielectric constant is displayed as a complex number, which can be written as: 

                                                                                                                           (2.89) 
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Here,    is the real part and    is the imaginary part of the dielectric constant. 

Substituting equation 2.53 in 2.88 to become: 

  ̃        
                                                                                                  (2.90) 

                                                                                                                  (2.91) 

Through compared the equation 4.91 and 4.89 to exhibit as: 

                                                                                                                           (2.92) 

                                                                                                                              (2.93) 

To introduce the relation between   and  , we assume that an electromagnetic wave propagates  

in the z – direction of medium with an electric field. 

 ⃗⃗         
                                                                                                             (2.94) 

which    is the amplitude at     and t=0,   is the wave vector and   is the frequency. 

Significant to observe the relation between the extinction coefficient ( ) and wave length ( ): 

   
  

 
 

 ̃
 
                                                                                                                           (2.95) 

 

In order to add equations 2.53, 2.56, 2.95 and 2.96 to get: 

   
 

 
                                                                                                                    (2.97) 

 ⃗⃗         
  

   

 
      

   

                                                                                           (2.98) 
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The optical intensity of a light wave is proportional to the square of the electric field which    

    , [43]  hence to: 

      
   

 
 
                                                                                                                        (2.99) 

Where the above 2.89 equation compared with 2.4 become: 

  
  

 
     

   

 
                                                                                                               (2.100) 

Thus, 

  
  

  
                                                                                                                                (2.101) 

2.2.7 Drude-Lorentz Model: 

In order to form the dielectric constant measured, the imaginary part spectra    which it is 

possible to analyze with the help of effective oscillator models [44] . This model is applied to 

supply compressive polarization. 

The dielectric of solid atoms can be as a coalescing of oscillation. Considering oscillation by the 

AC electric field of a wave polarized along the x-axis, which concludes the oscillations of free 

electron where the motion relation is described by: 

  
   

   
      

  

  
     

                                                                                       (2.102) 

Here      the electron mass,    the displacement,    is the damping factor,    the electron charge 

and    the electric field. The equation identified the damped side of acceleration and the factor 

was restored. In addition to the driving force.  
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In terms, the electrons contact the incident light electric field with frequency, to show the electric 

field as: 

                                                                                            (2.103) 

Where    the electric field amplitude and   the light phase. The AC signal of the electric field 

produces the oscillation of thought form: 

                                                                                                             (2.104) 

Here    and    with the complete electric component electric displacement amplitude, the 

equation of motion yields to substitution      and      in equation 4.92 to becomes: 

    
    

            
         

    
          

                                     (2.105) 

Then, by making a re-arrangement of the previous equations (2.105) with divided over       , 

supply the displacement amplitude as:  

     
      

  
        

                                                                                                            (2.106) 

The resultant of frequency variants of the dipole moment      perform in the resonant 

polarization induction, which the polarization of dipole moment per unit volume presented as: 

                                                                                                                     (2.107) 

From substitution    in            

            
   

  
 

 

  
        

                                                                                          (2.108) 
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Here, N is the number of atoms per unit volume. Where the relation described the causes of the 

maximum polarization equation of the material frequency  . The interesting parameter is the 

electric displacement   of solids, which it depend on polarization and the electric displacement 

as seen below: 

                                                                                                                              (2.109) 

Another cause of polarization when oscillation is ignored, is if      the polarization 

involvesthe resonance and non-resonance: 

                                                                                                           (2.110) 

In the non-resonance part, which depends on the susceptibility   as expressed in the following: 

                                                                                                                           (2.111) 

The displacement   received: 

                                                                                                                (2.112) 

Consider the isotropic material with the same characteristics in all directions to become the 

electric displacement as: 

                                                                                                                                (2.113) 

which    is the relative dielectric constant when the equation 2.112 substations into 2.113 with 

applied the resonant polarization. Thus, the dielectric constant exhibits: 

           
   

     
 

 

  
        

                                                                                          (2.114) 

The two terms of relative dielectric constant    give the real and imaginary parts as: 
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                                                                                  (2.115) 

       
   

     

  

   
           

                                                                                                  (2.116) 
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Chapter Three 

 

Experimental Details 
 

This chapter, discusses the experimental methods for the preparation of thin films fabricated as 

optoelectronic devices by the thermal vapor deposition technique. Particularly, the experimental 

procedures, cleaning of samples, deposition and characterization of Se,        and Se/       

heterojunction are reported.  

3.1 Cleaning the Glass Slides 

 

In this work, we used glass substrates (soda lime; SiO2: Na2O: MgO: CaO). Firstly, we used a 

clean piece to wash the glass substrate from both sides by distilled water and alcohol, then 

immersed it in a beaker containing      (hydrogen peroxide)  covered with aluminum foil. 

Second, the beaker is immersed in an ultrasonic resonator. The resonator heats the water till 

reaching      while shaking the liquid ultrasonically. In order to remove dusts and contaminates 

from the surface. Then, tacking the glass slides out to wash them with alcohol, they are then re-

immersed in      solution to return into ultrasonic for half an hours at room temperature 

about     .  

Finally, after heated they were washed well with alcohol and dried gently with glass paper. The 

slides were also checked to avoid any scratches on the surface, so it was ready for the  next 

process.  
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3.2 Evaporation Technique and Thin Films Preparation  

 

Vacuum technology is a significant technique for several applications in physics. The target of 

this thesis, is studying Se/      thin films heterojunction which are prepared by thermally 

deposition by physical evaporation technique (PVD) using VCM 600 V2 desktop vacuum 

evaporator onto cleaned glass substrate under a vacuum pressure of       mbar. Fig 3.1 

represents the configuration of the vacuum evaporation system.  

A stainless-steel vacuum chamber (item 1) can be moved up and down. Within the chamber, a 

heating boat (item 2) such that the substance to be evaporated is placed, and a substrate holder, 

which is for glass substrate (item 3) is also presented. The desktop system include a power 

supply that is tuned at a suitable current to reach specific temperature for heating the boat 

(item 4). In addition, the power given to the system by turning the switch to main power on 

(item 5), the green light on the left side of the switch on shows the availability of electrical 

power. The (item 6) of rough pump switch for turning on providing power to primary pump. 

Item 7 is a heating power control unit (PCU) with a continuing high current AC power supply. 

In addition, the adjustable shalter is adapted to control the evaporation and a valve switch is used 

to restore the chamber pressure to its initial state. These are item 8 and item 9 respectively.  
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Fig. 3.1: (a) Configuration of thermal evaporation system (b)Inside chamber 

 

During the evaporation process, the first step is to install the of weight of 0.5 grm of high purity 

Selenium (                 ) into the evaporation boat. After evacuating the VCM 600 

system, the first growth cycle was actualized, resulting in        thick film being deposited on a 

glass substrate. The schematics and optical images of the produced Se films are shown in 

Fig.3.2(a) and Fig.3.3(a), respectively. After that, some portions of the Se samples were covered 

by a TEFLON strip. In order to obtain the covered part which is Se thin films with the rest part 

being Se/      expose part of double thin films. The masked Se sample together with other 

cleaned glasses are re-installed into the VCM system prior to coating of       . In this process, 

0.5 grm of Cadmium Bromide         (99.99                        ) are installed into the 

heating boat. After completing the evaporation cycle, a 0.5    thick layer was produced on to Se 

thin film.  
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The produced Se,       and Se/      thin films, the schematic diagram and optical image of 

these films are presented in Fig 3.2 (a), (b) and (c) and Fig.3.3 (a), (b) and (c)  respectively.  

 

 

 

 

 
  

 
 

  

 

 

 

3.3 Thin Film Analysis: 

 

Having prepared the samples we are ready to study some of the interesting properties like the  

structural, optical and dielectric properties. By using the hot probe technique, the conductivity 

type of the samples was explored.  

 

glass 

Se (0.5   ) 

glass 

      (0.5     

glass 

Se (0.5   ) 

      (0.5     

Fig.3.2: Geometrical diagram of (a) glass/Se, (b) glass /      and (c) glass/Se/      thin 

films.  

Glass / Se Glass / CdBr2 Glass /Se/CdBr2 

Fig. 3.3: Optical images for (a) glass/ Se, (b) glass/      and (c) glass/ Se/      thin films. 

(a) (c) (b) 

(a) (b) (c) 
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3.3.1 The Hot Probe Technique: 

The “hot-probe” technique, which is present in fig. 3.4 was needed to know the thermal 

conductivity type of Se,       and Se/      semiconductors. In this experiment, the required 

equipment is a heater, a standard digital multi-meter (DMM) and wires. By connecting the two 

wires with the DMM and coupled the positive terminal with the heater, the negative terminal was 

touched on the surface sample surface. At the contact point, the sample and heater have higher 

thermal energy than other cooler parts. During heating process, that increases the number of 

higher energy carriers that diffuse away from the contact point. The majority carries is 

determined. In practice, a negative voltage was read on the DMM indicated the p-type for Se, 

      and Se/      while the positive voltage indicating the n-type for the mentioned films.  

 

 

Fig. 3.4: the set -up of hot - probe technique 

 

3.3.2 The X Ray Diffraction (XRD) Measurement: 

The prepared Se 0.5    (500   ),       0.5    (500   ) and Se/      1    (       ) 

films with glass base were analyzed by the Mini Flex-600 X-ray diffraction unit, which is shown 

in fig. 3.6 to provide information about the crystalline nature. In addition, the “Crysdiff” 

software packages were used in order to identify the observed peaks. X ray diffraction is the 
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most advanced technique, and it is generated by a high intensity monochromatic    radiation 

source. The XRD system shown in Fig.3.5 included a generator of a copper tube of average 

wavelength of 1.5405    output current of 15    and output voltage of 40   , a graphite 

monochromatic, a rotary shutter, a sample holder, a detector and vertical goniometry. The 

scanning angle      was in range of          with the scan speed of 1 deg/min. The 

diffraction process can be explained by using Bragg equation 2.1. When an X ray beam is 

incident on the crystal, the beam is reflected on the upper and lower surfaces, allowing us to 

determine the path difference of incident wavelengths and then satisfy the Bragg equation. 

 

 

Fig. 3.5 : the X-ray diffraction system. 
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3.3.3 Optical Measurement: 

The optical analyses of Se,       and          were characterized by using a Thermo 

Scientific Evolutions 300 ultraviolet–visible light spectrophotometer, which is shown in fig. 3.6. 

The  measured data is the percentages of transmitted (T%) and reflected (R%) light by using the 

vision software packages. The R% and T% were calculated at room temperature in the ultraviolet, 

visible and near infrared ranges of the electromagnetic spectrum. In addition, at normal incidence     

with a wavelength range of 300 – 1100 nm and scanning speed of 1200 nm/min.  

 

 

 

Fig. 3.6: the optical spectrometer equipment  
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Chapter Four 
 

Results and Discussions  

4.1 Structural Analysis: 

4.1.1 Structural Transformation in Selenium Thin Films:   

Selenium is known for its allotropic structures. It can be cubic, amorphous selenium (a Se), 

rohmedral, monoclinic (   ,        Se) and hexagonal ( tetragonal ) (h Se) [41 ] . Therefore, 

selenium thin film has the ability to show a transition from an unstable structural phase to a 

crystalline stable phase. The trigonal Se (t-Se) configuration is composed of helical polymeric 

chains with trans–configurations of Se atoms in which the neighbor’s atoms form single covalent 

bonds, while the chains interacts by Vander walls forces. In addition, t-Se is the most stable 

allotrope with the least reactive solid properties [46] . The trigonal Se is characterized by infinite 

helical chains and (  -,        Se) is characterized by     rings of different packing geometries 

[41] . Moreover, the hexagonal Se crystal consists of parallel infinite chains of Se. Here, Se atoms 

are arranged in helical form along the c-axis.  

In order to observe the stability and structural properties of Se thin films, a 0.5    thick layer of 

Se film was deposited on the glass substrates. Then a 0.5    thick with       was deposited on 

to Se film. The amorphous structure forms of Se is weekly bonded and consist of very short, 

regular chains with bond angles being slightly distorted. Thus, it has a large number of 

unsaturated bonds [41,41] .  

In a previous work, it was concluded that the crystallization process starts at a high temperature 

of about     C, which makes the phase change temperature exhibit convincing agreement and 
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confirm the monoplanes due to the small crystallite size and the additional strain broadening 

[10] .  

In another work, the amorphous nature of Se (a-Se) solid is affected under high pressure due to 

volume expansion generated by the high density of metastable selenium that can be converted to 

stable Se to minimize the internal energy [11] . For significant observation of changes in 

crystalline structure of Se thin film we waited four weeks after preparations. The measurement 

by that time showed that Se making a phase transition from amorphous structure to 

polycrystalline after four weeks of preparations.   

The structural properties of fresh Se and Se after four weeks of preparation films were recorded 

by X ray diffraction. The XRD patterns for the same films were recorded weekly until the 

obtained measurements became consistent.  

The resulting XRD patterns for the films are shown in Fig.4.1. Three sharp diffraction patterns 

were observed after 4 weeks.  In order to detect the structural properties of Se films the XRD 

patterns were analyzed with the help of “Crysdiff” "software packages. As seen from the fig.4.1 

for the fresh Se and Se after four weeks, the fresh Se films are showing no peaks, indicating the 

amorphous nature of the films. As illustrated in inset-1, these films show orange color. While the 

Se after four weeks shows one major peak centered at           and two minor peaks around 

          and           In accordance with the “Crysdiff” analyses the peaks can be 

assigned to hexagonal Se whose lattice parameters and space group are (a=4.31 Å and c=3.48 Å) 

and P312, respectively. As also seen from inset-2 of Fig.4.1, the orange Se inverts color and 

becomes grey.  
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As shown in Fig.4.2 hexagonal crystallize Se structure. In contrast to its amorphous phase, which 

consists of random chains with twofold coordinated Se atoms, hexagonal Se crystallizes by 

constructing weakly coupled helix chains along the c-axis and eightfold rings, respectively  [10] . 

The bonds in hexagonal Se are relatively stronger within helical chains along the hexagonal axis 

but weakly bonded between them.  

 

 

Fig. 4.1: The XRD patterns For Se fresh and Se after 4 weeks 
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Fig.4.2: The Se hexagonal crystallize structure 

4.1.2  Se/      Heterojunction:  

The X-ray diffraction  diffraction ( XRD ) patterns of Se,       and          films after 4 

weeks of preperation are presented in Fig.4.3. 

 

 

 

Fig. 4.3: The x-ray diffraction (XRD) patterns for Se,       and Se/      heterojunction devise, insert-1 shows 

the shift in XRD main peak. 

 

I/
𝑰 𝒐
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The X-ray diffraction (XRD) patterns of Se,       and Se/      films are presented in fig.4.3. 

For Se films, as previously mentioned it shows three peaks. The most intensive peak was 

observed at diffraction angle 2         and the two minor peaks are located at 2  

      and at 2        . On the other hand, the X-ray diffraction pattern of       films 

revealed seven peaks, with the most intensive peak appearing at a diffraction angle of  2  

      ,                ,        ,       ,       and       . 

Analysis of X-ray diffraction patterns angles was done by comparing the theoretically calculated 

ones with open crystallography data base (COD) and previous leterature data. The restriction for 

the acceptance of the structural phase was by assuming                             being 

    . For that to get the right structure indicated of       peaks by trying all possibilities can 

happen for the formation of the films. For example, the first expected structure comes from the 

interaction of cadmium with bromide so that, the second, third, fifth, sixth and seventh  peaks 

match with the theoretical peaks of  hexagonal       structure with apace group  (P63mc) and 

lattice parameter (a = 7.17 Å, c = 13.87 Å and      ,                    ) [13 ] . Two 

peaks did not match any known structure of       , the unknown peaks were at 2         

and        . To find out the origin of these peaks, we assumed possible oxidation of        and 

unbounded Cd atoms may have formed CdO and CdOH. The expected diffraction patterns for 

these two minor phases were obtained by the “Crystdiff” software packages.  

Another tested possibility was the interaction of bromine with Si in the Si               

glass substrates. The possible phase is Si    .        is a monoclinic structure of a space group 

(P21/c14) and lattice parameters (7.34 Å , 11.231 Å, 11.381 Å,        ,            )). It is 

evident from Fig.4.4 that the experimentally determined unknown peaks are assignable to       .  

https://simple.wikipedia.org/wiki/%C3%85
https://simple.wikipedia.org/wiki/%C3%85
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Fig.4.4 also demonstrates the XRD patterns for Se/                   The XRD pattern of 

Se/      displayed four peaks. The position of the maximum peak that was assigned to        

are shifted from                 . In addition, the other peak position are also shifted from   

                ,                       and                      . The strongest two peaks 

that represent the hexagonal phase of        films have (002) and (100)  plane orientation 

direction structure, the first peak of monoclinic       being best oriented along the (002) 

direction. The peak located at a diffraction angle of 2         represent the hexagonal phase 

of Se films being oriented in the (010) direction. 

For further clarity of correlation between the theoretical estimated X– ray patterns and hexagonal 

Se, hexagonal        and monoclinic       and experimental results, the data is demonstrated in 

fig.4.4. 
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Fig. 4.4: The XRD patterns for Se/       heterojunction, the green , pink and blue colored profile are 

estimated by “Crystdiff” software packages simulation for Se/     . 

 

The effect of the deposition of       onto Se film on the major diffraction angle is shown in the 

inset of fig.4.3. It is shown in the inset of fig. 4.3 that the formation of Se/      caused a 

broadening and a lowering of the intensity of the major peak of Se. In particular, it decreases 

from 12391 to 1491 c/s and a right shift in peak position is clearly observed in the maximum 

peak. The peak located at  2         shifted to 2         that indicating the plastic 

deformation process [14] .  

The effect of deposition       onto Se films appears in the increase of the XRD intensity of the 

maximum peak from of 243 to 1491 c/s the data is shown in table 4.1. Analysis of reflection 
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peak of hexagonal Se/      heterojunctions result in an increase in the lattice constant values 

along the a and c-axis. The respective values are 12.26 Å  and 7.83 Å, respectively.  

The calculated crystallite size (D), micro strain ( ), defect density ( ) and stacking faults (SF) 

from the maximum peak of Se,       and Se/     are represented in table 4.1. These 

parameters are estimated using equ.2.8, equ 2.13, equ 2.14 and equ 2.15, respectively. Coating 

      onto Se increased the crystallite size of Se. In addition, coating       onto Se instead of 

glass increased the crystallite size of      . The strain, stacking faults and defect density were 

also remarkably decreased. It is clear that coating on       onto Se enhances the structural 

properties of both materials.   

 

Table 4.1 The structural parameteres of the main peak of Se ,       and Se/      heterojunction device. 

 

Sample 2  (
o
) I (a.u.) 

Miller indices Lattice constant ( ) 

D (nm)        

SF

% 

 (X10
12

line/cm
2
)  

h K L a-axis c-axis a-axis c-axis 

Se 23.85 243 0 1 0 4.31 3.48 18 9.29 

0.2

7 10.35 30.78 

      14.25 12391 1 0 0 7.17 13.87 33 8.72 

0.1

1 5.51 2.86 

Se/      14.45 1491 0 1 0 7.08 13.56 41 6.88 

0.0

9 2.04 3.20 

 

 

4.2 Optical Analyses: 

4.2.1 Optical Absorption in Se/       

The optical transmittance (T%) and reflectance (R%) for Se (500 nm thick),       (500nm 

thick) and Se/      (1000nm thick) films are measured in incident light wave length ( )  range 
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190-1100 nm using evolution 350 spectrophotometer. The measured transmittance spectra for 

Se,       and Se/      heterojunctions are represented in fig.4.5. The fig.4.5 shows that Se 

film transmittance increased with increasing   for     590 nm (2.1eV),  the heterojunction 

spectra more increase at 890 nm than single spectra, because of bonding process between 

selenium with bromide, which it close to infrared range.  The transmittance spectra of Se 

displays two different transparency regions of 350-597 and 597-1083 nm. It is also clear from the 

fig. that the transmittance       is higher than that of Se and Se/      .       films are highly 

transparent showing transmittance of 88 % at 370 nm.  

 

Fig. 4.5: Transmission spectra of Se,       and Se/       thin films 
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The optical reflectance spectra of Se,       and Se/      films are shown in Fig.4.6. As it is 

seen from the fig., the surface of       is more reflective than the surface of Se. The reflection 

Coefficient spectra of       displayed maximum peaks of 6.5% at   = 278 nm. Then it 

decreases rapidly, reaching a minimum value of 1.7% at 353 nm. In the remaining region of 

Incident light increases with increasing       . On the other hand, the deposition of       

effect on reflectance of Se is evident from the increase in the number of the reflection 

interference patterns. Particularly, R% of Se/       displays three maximum peaks of 7.2%, 9% 

and 11% at incident light wave length are 268, 392 and 681 nm, respectively. The interference 

patterns are assigned the constructive and destructive interference between light waves arriving 

at film’s surface and those reflected at the bottom of the film  [11 ] .  
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Fig. 4.6: Reflection spectra of Se,        and Se/       thin films. 

The measured optical transmission and reflection coefficients are employed to determine the 

absorption coefficient ( ) spectra for Se 0.5   (500 nm thick),       0.5    (500 nm thick) 

and Se/      1    (1000 nm thick). To get more information about the optical absorption of 

heterojunction    is calculated with the help of relation: 

    
 

 
   

 

                               
                                           (4.117) 

Where   is the film thickness. This equation is explained in the theoretical part of  absorption 

multilayer thin films with incident photon energy. The relationship between the absorption 

coefficient (α) and the incident photon energy (E) is shown in fig.4.7.  
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Fig. 4.7: The relation between absorption coefficient (α) and the incident photon energy in (eV) for Se, 

      and Se/      thin films. 

As it readable from fig., the absorption coefficient spectra of Se,       and Se/      Films are 

observed to have two regions showing strong absorption in high energy range, between   (2.00 – 

4.00) eV and weak absorption in the low energy range at below 2.00 eV. The absorption 

coefficient for Se film exhibits higher absorption coefficient values compare       and 

Se/      . It is also observed from the inset of Fig.4.7 that the α-spectra of Se films sharply 

decreases with decreasing photon energy, indicating that extended band tails may have existed  

in the band gap of Se. On the other hand, the weak absorption coefficient (α) in the region 

(1.48 2.00) eV. The absorption coefficient spectra of       showed an increase in the values of 

  with decreasing incident photon energy. This behavior assigned to the free carrier absorption 
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which is caused by dislocation, impurities and free electron and electron carrier transitions within 

conduction and valence band [56].  

As a result, the absorption coefficient of the Se/      double layer in the weak absorption 

region shows a smoother decrease in α values with decreasing photon energy, probably due to 

the existence of band tails. Band tails appear due to the presence of defects [51]. Localized 

defects form band tails in the band gap region are hence responsible for the formation of 

absorption tails in α spectra. As that the band tail associated with Urbach energy can be 

extracted from absorption spectra and calculated using the relation:        
  

  
⁄

 
, where    is 

Urbach energy. The Urbach energy (  ) was calculated from the reciprocal slope of linear 

portion of Ln(α) versus photon energy plots as: 

   
 

     
                                                                   

 

  
     From 

the fig.4.8, that the band tail width    in Se and Se/      are 0.85 eV and 2.41 eV, respectively. 

The formation of these band tails is associated with orbital overlapping. The electronic 

configuration of Se, Cd and B are       ,         and        , respectively. Thus, band tails 

can be assigned to the orbitals overlapping of Br atoms with unfilled 4p orbits being overlapped 

with the 4P orbits of Se atoms. 
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Fig. 4.8:  The ln(α)-E variations for Se and Se/      heterojunction device. 

In order to obtain more accurate information about the optical band gap of Se, CdBr2 single 

layers and Se/      heterojunction. The band gaps are calculated from the dependence of the 

absorption coefficient (α). On energy by applying Tauc’s equation               was 

       Vs photon energy plotted in the high and low absorption region of 1.0 - 4.5 eV for the 

mentioned films. The value of   indicates the types of band gap and has four value which an 2 

for direct allowed, 
 

 
 for indirect allowed, 

 

 
 for indirect forbidden and 

 

 
  for direct forbidden 

electronic transition. Computational tests have shown that for the      , 

    
 

        
 

           
 

     E variation shown in Fig.4.9. The one that represent the band gap is 

the one which linear most of the experimental data. 
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As seen, the best fit data was obtained for     
 

    indicating that the band gap is of an indirect 

allowed transition type for the Se,       and Se/     . As fig. 4.10 (a) shows, the band gap in 

the high absorption region was calculated from the intercept solid straight line of the energy (E) 

– axis to denote  indirect allowed transition energy. 

 

Fig. 4.9:       ,     
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Fig. 4.1                         for Se,       and Se/       heterojunction, 

(b)              for Se and (c)                for Se/      

The band gap values, for Se of 3.62 eV as appearance from the plot, whereas for       being is 

3.48 eV is comparable with 3.32 eV [11]  reported for the hexagonal      . In addition, the 

formation of Se/      hetrojunction bad gaps of 3.64 eV. Selenium thin films additionally 

display another energy band gap in the visible range of light if one plots               in the low 

range of (1.0 3.0) eV which should be found  in a direct energy gap of 1.6 eV. For that is effect 

in the energy gap of Se/      double layers to found from plot (c) of               in the low 

range of (1.0 3.0) eV to become the second direct energy gap of 1.38 eV. 
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Recalling that the conduction band offset (   ) is the difference between the electron affinities 

of       and of Se, the respective affinities are 3.27 eV and 1.25 eV. Hence the valence band 

offset               is (3.48-1.6-1.25) = 0.63 eV. The band offset are large enough to 

actualize quantum confinement in the films. 

4.2.2 The Properties of The Dielectric Constant: 

In order to accurately determine the application range of the Se,       single layer and 

Se/      heterojunction, we studied the dielectric properties of these films. The effective 

delectric constant (              ) and extinction coefficient (    /4 ) of the studied 

samples are calculated with the help of reflectance and absorption coefficient.                          

The real part of the dielectric constant spectra for Se,       and Se/       are illustrated in 

fig.4.11. As shown, the    spectra for Se films show an almost constant behavior which slowly 

increases with the decreasing incident photon energy until reaching 1.6 values at an incident 

photon energy of 1.9 eV  between the ultraviolet and the visible regions, then it follows a sharper 

increase, exhibiting a maximum values of 2.25 at 1.13 eV for the infrared region.  

The        spectrum shows decreasing dielectric constant values with decreasing incident  

photon energy in the ultraviolet region, showing a minimum value of 3.5 at 1.71 eV. One 

interesting behavior of these structures is that, the     spectrum sharper increased display a 

broaden peak of     2.29 at critical energy of 2.86 eV which can be assigned from the transition 

to the top of the valence band of     state to the minimum conduction band at         

          [  ] . The deposition of       onto Se thin film, shows two resonance peaks of    

spectra; the first is very wide peak and extends From UV – region at 4.1 eV to visible light 

region region 2.1 eV with maxima peak value 3.16 eV. In addition, the second peak displayed a 

maximum of 4.0 eV 



55 
 

 
 

 

Fig. 4.11: The real part of the dielectric spectra for Se,        and Se/     .  

 

The peaks at critical energy values of 1.80 and 3.16 eV are assigned to the overlap of the Se with 

     , so we can think of another way in which the peak at 1.80 eV is ascribed to the transition 

between the Cd-Se bonds [  ]. In this process, the transition to         to         in the band 

gap of CdSe. While the peak located at 3.16 may be referred to interaction of the Se-      but 

no literature data is available about this transition. Mostly, the interaction between bromide 

nanoparticle, which it exactly assigned to transition between Br-Br bonds could account for this 

peak [  ].  
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4.2.3 Imaginary Part: 

The imaginary part of dielectric spectra (   ) which are measured through using equation 2.83 

Se,       single layers and Se/      double layers as shown in fig. 4.12.  The spectra can be 

used to get information about the parameters of optical conductivity  (                is the 

angular frequency) , electron plasma interaction frequency (  ) and free electron mobility. In 

fig.4.12, the     exhibits a lower value than the real part. In general, the imaginary part spectra 

of all films shows similar behavior. Namely, it starts to decrease sharply with decreasing  

incident light energy till reaching 4.0 eV value. Then, follow different trends. The     spectra of 

Se shows a higher response than the other curves. While maintaining a similar behavior, it starts 

declining sharply reaching a value of 0.26 at 3.6 eV and then, increases slowly reaching the 

highest point at 0.39 at a 2.0 eV. In the lower range of incident photon energy     remain 

constant displaying a value of 0.38 at 1.14 eV.   

The imaginary part value of the       begins decreasing with decrease the incident photon 

energy, but in another behavior different as it reaches the lowest value at 3.4 eV.              

slowly increases until it reaches a value of 0.12 at 1.1 eV.  More important feature of the spectra 

of Se coated with       shows a decrease until reaching value of 0.1at 3.6 eV and then remains 

constant in the energy range of 3.6 – 2.4 eV. As it is clear from the fig., it shows a small drop in 

the form of the bottom, where it takes a value of 0.1 at 2.1 eV and then shows for the depression 

reaching it’s lowest point of 0.03 at 1.36 eV.  
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Fig. 4.12: The imaginary part of dielectric spectra (   ) for Se,       , Se/      heterojunction. 

 

To reveal information about the effect of surface Plasmon interaction in Se,       and 

Se/      heterojunction, the imaginary part of dielectric constant spectra is modeled using the Drude – 

lorentz  model through rewriting the equation: 

    ∑
    

   

     
            

   

 

   

                                                                                          

Where k is the number of dominate linear oscillators,     √       ⁄  is the hole bounded 

Plasmon frequency,       is the angular frequency of the incident light,    is the reduced 

resonant frequency,   is the average scattering time and represents the inverse of the damping 
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coefficient.    is the free carrier effective mass and   is the free hole density. In addition, the 

free-carriers mobility can be measured by the rule of         . 

Using the effective mass of Se,       and Se       , the experimental data were reproduced by 

fitting equation of 4.118 through substituting the value of p-Se    
  is 0.35    and the p-      

      
  is 0.45   , the reduced mass of Se/      heterojnction was evaluated from the relation 

   
             

   
      

      
              . In Fig.4.12. Displays the theoretical 

fitting plots of     spectra of (a) Se, (b)       and (c) Se/     . Assuming the presence of four 

oscillators, i = 4 was sufficient to reproduce the      data, which is shown by a black colored 

curve as it describes the theoretical fitting data of     spectra.  

 

Fig. 4.13: The imaginary part of the dielectric spectra for (a) Se, (b)       and (c) Se/       

heterojunction. The black colored plots represent the fitting which is achieved by Eqn.4.118 
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Fig.4.13 indicates the correlation between the theoretical and experimental spectra. The good 

correlation between the experimentally found and theoretically calculated is obtained by 

substituting the values shown in Table 4.2.  

Table 4.2 (a) the optical conduction parameter for hole-Plasmon interaction of se film. 

 

 

Table 4.2(b) the optical conduction parameter for electron-Plasmon interaction of       film. 

 

Table 4.2(c) the optical conduction parameter for electron-Plasmon interaction of se/      film. 

k 1 2 3 4

t (f s) 0.4 0.6 0.6 1.0

P  (x10
17

 cm
-3

) 120.0 120.0 80.0 670.0

We (x10
15

 Rad/s) 1.5 3.3 4.3 6.7

Ee (eV) 0.98 2.16 2.82 4.40

Wp (GHz) 3.48 3.48 2.84 8.22

m (cm
2
/Vs) 2.01 3.01 3.01 5.02

k 1 2 3 4

t (f s) 0.4 0.6 1.0 1.0

P  (x10
17

 cm
-3

) 10.0 32.0 400.0 70.0

We (x10
15

 Rad/s) 1.5 2.0 6.5 7.0

Ee (eV) 0.98 1.31 4.26 4.59

Wp (GHz) 0.89 1.59 5.60 2.34

m (cm
2
/Vs) 1.56 2.34 3.91 3.91

i 
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As can be seen from the tables, the observed result of the best fitting parameters of the 

experimental curve, which involved the value of the hole scattering time ( ), reduced resonant 

frequency (  ), the drift mobility ( ) and the electron bounded plasma frequency (  ).                                      

The hole scattering time increased from 0.4 to 1.0 fs when deposited the       onto Se.  The 

reduced resonant frequency of Se was 1.50       Rad/s and decrease to 1.0       Rad/s when 

       added to the Se, with taken into account, for these state the reduced resonant value of 

      is the same about 1.50       Rad/s. In addition, the free hole density P for Se,        

and Se/       are found to be 120, 10 and 10          , respectively. Moreover, the drift 

mobility, which shows a value of 2.01       for Se to a higher increase of the Se/       of 

14.65       . Finally, the plasma frequency (  ) for Se decreases upon deposition of        

from 3.48 to 1.72 GHz. Although coating of       onto Se decreased the maximum achievable 

plasmon frequency of Se 8.22 GHz to 4.2 GHz, it remarkably enhanced, the drift mobility 

valence. The charged particles become more effective in the presence of             

  

k 1 2 3 4

t (f s) 1.0 1.0 1.0 1.0

P  (x10
17

 cm
-3

) 10.0 10.0 50.0 60.0

We (x10
15

 Rad/s) 1.0 3.7 6.5 6.5

Ee (eV) 0.66 2.39 4.26 4.26

Wp (GHz) 1.72 1.72 3.84 4.20

m (cm
2
/Vs) 14.65 14.65 14.65 14.65
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Chapter Five 

Conclusions 

In this thesis, we have shown the possible formation of a new class of optical interfaces that can 

be employed as dielectric resonators suitable for near infrared and visible light dielectric band 

applications. The optical interfaces are formed by physically stacking       onto Se thin films 

using thermal evaporation techniques. Various methods, including X-ray diffraction, scanning 

electron microscopy and optical spectrophotometry, were employed to explore the physical 

nature of the proposed interfaces: The two stacked layers are found to form from hexagonal 

mismatched structures causing valence and conduction band offsets of         – 0.65 eV 

respectively. The stacked layer, showed a narrower energy band gap of Se. The dielectric 

dispersion in the films showed well defined dielectric near 3.1 eV and 1.8 eV. The optical 

interfaces displayed drift mobility values of 14 c      which is 12 times larger than that of Se 

or       . The enhanced drift mobility, which is accompanied by Plasmon frequency in the 

gigahertz frequency domain, makes the Se/      interface ideal for optical communication 

technology.  
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