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Abstract 

 

In this thesis, transparent conducting substrates suitable for optoelectronic devices have been 

fabricated. The conducting substrate is made of two stacked layers of SiO2 sandwiched with Au 

nanosheets of thicknesses of 50 nm, 100 nm, and 200 nm to form SiO2 / Au / SiO2 (SAS-xx) 

trilayers. SAS substrates are subjected to structural and optical analysis to explore the possible 

physical modifications that resulted from the participants of the Au layer in the structure of SiO 2. 

It is observed that Au nanosheets didn’t alter the amorphous nature of the structure of SiO 2 but 

enhanced its optical properties significantly. Particularly, it is observed that SAS-00 samples not 

comprising Au exhibit high transmittance and low reflectance. The thicker the Au layer, the lower 

the transmittance and the higher the reflectance. Thicker layers of Au also resulted in a decrease 

in the light absorption of SiO2. However, Au nanosheet enhanced the free carrier absorption in the 

infrared range of light and decreased the energy band gap of SiO2. SAS samples comprising no 

Au, Au nanosheet of a thickness of 50 nm exhibited non-degenerate semiconductor characterist ics 

and showed the presence of energy tail states in the band gap. The tail states disappeared as the 

Au thickness was increased further. It is also observed that the Au nanosheet improves the 

dielectric constant value and dispersion. SAS-200 samples showed a high k-gate dielectric material 

feature with a relative dielectric constant value exceeding 40. In addition, it is observed that the 

Au nanosheet increased the optical conductivity and the free charge density in SiO2 films, making 

them highly conductive and semitransparent. Substrates with these characteristics are promising 

for use as high-k-gate electrodes and for the design of optoelectronic devices.    
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Chapter One 

 

 

Introduction 

 

 

Nowadays, to fulfill the demands of the newest generations of optoelectronic devices with variable 

functionality, it requires significant efforts to work on existing traditional transparent conductors. 

These conductors should be developed into new material systems that are both electrica lly 

conductive and transparent. The transparent conductive films are irreplaceable components that 

are used in most optoelectronic applications like sensors, organic light-emitting diodes, solar cells, 

smartphones, and smart windows [1]. Some of the transparent conducting windows, includ ing 

titanium dioxide (TiO2) [2], tin-doped indium oxide (ITO), fluorine-doped tin oxide (FTO), and 

silicon dioxide (SiO2), are regarded as oxide semiconductors, which are significant and highly 

useful as transparent conducting window layer materials. These semiconducting materials find 

applications in fiber- based solar cells [3], light-emitting devices, anti-reflection coatings in 

nanoscale electronics [4], etc.  

Among those, SiO2 has poor electrical but good optical, and chemical properties, such as high 

transmittance that is greater than 92% in the infrared range (800–1200 nm). [5], low absorption , 

high corrosion resistance, high thermal stability, amorphous structure [6], a wide optical band gap, 

which is 8.90 eV, a highly transparent insulator [7], and nanostructures with diverse applications. 

Silicon dioxide in nanosheet forms [8] is taken into consideration for this study.  
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SiO2 thin film can be deposited by various methods, including the sol-gel method [9] [10] [11], 

chemical vapor deposition [12], atomic layer deposition (ALD) [13] [14] [15], plasma ion assisted 

deposition method [16] [17], sputtering [18], plasma-enhanced chemical vapor deposition 

(PECVD) [19] [20], and electron beam (e-beam) evaporation [21]. Moreover, the SiO2 transparent 

conductive windows provide great performance, a distinct structure, and several application 

possibilities.  

In this study, we aim to construct a transparent conductive window by stacking layers of SiO2 

nanosheets as optical windows. The stacked silicon dioxide layers are sandwiched with metal 

nanosheets of various thicknesses. The work here will always focus on the changes in optical 

transmittance, reflectance. Enhanced optical properties are expected to result from metal 

sandwiching. Those windows will be brought to a stage that makes it preferable for most 

semiconductors to work as a conducting transparent electrodes. Various techniques, including ion 

coating, X-ray diffraction, scanning electron microscopy, optical spectroscopy, and hot probe 

techniques, will be employed to characterize the devices. 

In the second chapter of this thesis, we will be discussed theoretical background of the basics 

mathematics used to analyses the result. Details and procedures for the experiments will be 

discussed in chapter three. Chapter four shows the achieved results, explanations, and discusses 

the observations. Finally, chapter five will contain concluding remarks on our work. 
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Chapter Two 

 

 

Theoretical Background 

 

 

2.1 Crystalline nature 

Crystal structure refers to the spatial arrangement of ions, atoms, and molecules. It is a distinct 

arrangement of atoms in a crystal. It is a critical component of materials science and engineer ing 

since many of the characteristics of materials are determined by their crystal structure. The 

amorphous structure is a random arrangement of atoms. It have a significant advantage over 

crystals in that they have a substantially smaller band gap than their crystalline counterparts, 

allowing them to provide a wider light absorption spectrum. [22] 

 

2.2 The X-ray diffraction: 

The X-ray scattering method reveals details on the crystal structure and structural properties of 

materials and thin films. The properties of materials are determined by their crystal structures; 

hence, x-ray diffraction methods are extensively employed as an essential tool in material research 

and development. Basically, Fig. 2.1 shows an XRD device that consists of the X-ray source, a 

sample stage, and the X-ray detector. Also in this figure, the angle  is located between the plane 

of the sample and the X-ray source, while the angle 2 is the angle between the X-ray source and 

the detector. Each atom in the sample scattered the incident monochromatic X-ray beam. 
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Here, the constructive interference occurs if the scattered beams are in phase and the crystalline 

nature of the material appears; otherwise, the destructive interference occurs and the amorphous 

nature of the material appears. The interplanar distance between two planes of the material atom 

can be defined with the help of Bragg’s law. 

 

2.2.1 Bragg’s Law: 

Bragg’s law under constructive interference appears when the angle diffraction (), the wavelength 

of the reflected X-ray, and the interplanar distance between the atomic planes (d) are as the Fig. 

2.2 shows. 

 

  

Fig. 2.1: The schematic diagram of the X-ray diffractometer. [23] 
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The constructive interference occurs only when: 

𝑛𝜆 = 𝐴𝐵 + 𝐵𝐶                                                                                                                           (2.1) 

But as : AB=BC, so: 

𝑛𝜆 = 2𝐴𝐵                                                                                                                                   (2.2) 

𝑠𝑖𝑛𝜃 = 𝐴𝐵/ 𝑑                                                                                                                            (2.3) 

𝐴𝐵 = 𝑑 𝑠𝑖𝑛𝜃                                                                                                                              (2.4) 

Inserting into equation (2.2), which give Bragg’s law [24]:                                                                                                               

 2𝑑𝑠𝑖𝑛𝜃 = 𝑛 𝜆                                                                                                                         (2.5) In 

this equation, d is the interplanar distance between two successive atomic planes,  is the angle 

between the incident beam and the plane surface, n is a positive integer, and λ is the X-ray 

wavelength, which is equal to 1.5405 Ao. 

2.3 Optical properties in semiconductors 
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The optical properties of semiconductors play an important role in thin film development. It is the 

basis of the technological revolution. 

2.3.1 Optical process characterization 

The incident beam can then be transmitted or reflected outside the medium, and it can also be 

propagated inside it as illustrate in Fig.2.3. The four processes involved in linear optical 

propagation are refraction, absorption, luminescence, and scattering. Absorption is essentially 

influenced by the propagation of light frequencies. When the light frequency equals the frequency 

of solid material oscillation, the light is absorbed.[25] 

Studies of optical properties include transmittance (T), reflectance (R), absorption coefficient (a), 

energy band gap (Eg), and dielectric constant (ε). 

  

Fig. 2.3: Light reflectance, transmittance, scatter and absorbance.[26] 
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2.3.2 Absorption of light in matter. 

 

If the photon is absorbed inside the material, it provides electrons with kinetic energy, freeing 

them. During the absorption process, electrons are transferred from the valence band to the 

conduction band. The material's light absorption is defined by the absorption coefficient (), which 

represents the rate of incoming light intensity attenuation over the propagation distance. 

Transmittance refers to the efficiency with which radiant energy passes through a volume. The 

light transmittance in a thick optical material with thickness l may be expressed as [27]: 

𝑇 = (1 − 𝑅1)(1 − 𝑅2)𝑒
−𝛼𝑙                                                                                                         (2.6) 

Where R1 and R2 are the reflectivities of the front and back surfaces, respectively. Also, the 

terms (1− 𝑅1) 𝑎𝑛𝑑(1 − 𝑅2) are they reflect the transmittance of the front and back surfaces, 

respectively. While the expression describes the exponentia l decrease in light intensity with 

distance [28]. In addition, when two materials are placed on the glass substrate, the transmittance 

is: 

𝑇 = (1 − 𝑅1)(1 − 𝑅2)(1 − 𝑅3)𝑒
−𝛼𝑙                                                                                         (2.7) 

Thus, the absorption coefficient  at thickness l=d is written as: 

𝛼 =
1

𝑑
ln (

𝑇

(1−𝑅1)(1−𝑅2)(1−𝑅3)
)                                                                                              (2.8) 

  Similarly, the absorption coefficient  for four materials placed on a glass substrate is given by: 

𝛼 =
1

𝑑
ln (

𝑇

(1−𝑅1)(1−𝑅2)(1−𝑅3)(1−𝑅4)
)                                                                                   (2.9)  
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In this work, R1, R2, R3, and R4 represent the reflectance of glass, SiO2 , SiO2,/Au, and SiO2,/Au/ 

SiO2, respectively. And d is the thickness of the thin film layer. 

2.3.3 Tauc's equation and band gap calculations        

 

 Electrons in an isolated atom have different energy levels, but when atoms are brought together, 

the degenerate energy levels divide into multiple levels as a result of atomic interaction; the levels  

may be viewed as a continuous band of allowed energy states since they are so close together. The 

highest energy bands are the valence and conduction bands. The valance and conduction bands are 

separated by a region that represents energy that electrons in the material cannot possess due to 

quantum selection values; this region is called the band gap (Eg) [29].The optical band gap of 

semiconductors is calculated using Tauc's equation and absorption coefficient spectra. According 

to Tauc's equation, the energy band gap is exactly proportional to (E) P. The exponent (p) 

indicates the type (characteristic) of the transition. The formula for Tauc's equation is [30]:  

(𝛼𝐸)
1

𝑝
 
= 𝐵(𝐸 − 𝐸𝑔)                                                                                                                (2.10) 

Where 𝐸 = ℎ𝑣 is the incident photon energy and p is an index that describes the optical absorption 

process, it can have values of 1/2, 2, 3/2, and 3 for direct allowed, indirect allowed, direct 

forbidden, and indirect forbidden electronic transition between valence and conduction bands, 

respectively. B is a constant that depends on the electron transition probability, and Eg is the energy 

band gap between valance band and conduction band. 
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 We began by using the energy band diagram shown in Fig. 2.4 to derive this equation.  

 

 

 

 

 

 

From Fig.2.4 the final energy equal to: 

𝐸𝑓 = ℎ𝑣 − 𝐸𝑖                                                                                                                             (2.11) 

The initial and final energy states of the bands are also given by [32]: 

𝐸𝑓 − 𝐸𝑔 =
ћ2𝑘2

2𝑚𝑒
∗                                                                                                                          (2.12) 

And, 

𝐸𝑖 =
ћ2𝑘2

2𝑚𝑒
∗                                                                                                                                    (2.13) 

When incoming photons interact with solids, the electrons travel from the valence band up to the 

conduction band, where:  

𝐸𝑓 = ℎ𝑣 − |𝐸𝑖|                                                                                                                          (2.14) 

Subtract Eg from both sides of equation (2.14) to get: 

𝐸𝑓 − 𝐸𝑔 = ℎ𝑣 − 𝐸𝑔 − |𝐸𝑖|                                                                                                       (2.15) 

Fig. 2.4: The energy band gap diagram. [31] 
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Substitute equation (2.12) & (2.13) in equation (2.15) to give: 

ћ2𝑘2

2𝑚𝑒
∗ = ℎ𝑣 − 𝐸𝑔 −

ћ2𝑘2

2𝑚ℎ
∗                                                                                                               (2.16) 

Rewrite equation (2.16) in the form: 

ℎ𝑣 − 𝐸𝑔 =
ћ2𝑘2

2𝑚𝑒
∗ +

ћ2𝑘2

2𝑚ℎ
∗ =

ћ2𝑘2

2
[(

1

𝑚𝑒
∗) + (

1

𝑚ℎ
∗)]                                                                         (2.17) 

The state density in an energy range extended from (hv) to (hv+d(hv)) have the form [32]:                                                                                                                                   

𝑁(ℎ𝑣)𝑑(ℎ𝑣) =
8𝜋𝑘2𝑑𝑘

(2𝜋)3
                                                                                                             (2.18) 

Rewrite equation (2.17) to give: 

𝑘2 =
2(ℎ𝑣−𝐸𝑔 )

ћ2 𝑚𝑟                                                                                                                      (2.19) 

mr is the reduce mass, where: 

1

𝑚𝑟
= (

1

𝑚𝑒
∗) + (

1

𝑚ℎ
∗ )                                                                                                                   (2.20) 

Deriving equation (2.19) with respected to (hv), where 𝑘 is a functional of hv  to get : 

𝑘𝑑𝑘 =
𝑚𝑟

ћ2 𝑑(ℎ𝑣)                                                                                                                       (2.21) 

Substitute equation (2.19) in equation (2.18) to give: 

𝑁(ℎ𝑣)𝑑(ℎ𝑣) =
16𝜋(ℎ𝑣−𝐸𝑔)𝑚𝑟

ћ2 (2𝜋)3
𝑑𝑘                                                                                              (2.22) 

By employing equation (2.19) in equation (2.21) in the previous equation (2.22) the state density 

equation will be:                                                                                                   
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𝑁(ℎ𝑣)𝑑(ℎ𝑣) =
16𝜋(ℎ𝑣−𝐸𝑔 )

ћ2(2𝜋)3

mr
2

ћ2(
√(2(hv−Eg )mr

ћ2 )

𝑑(ℎ𝑣)                                                                   (2.23) 

Rewriting equation (2.23) in another form: 

𝑁(ℎ𝑣)𝑑(ℎ𝑣) =
(2𝑚𝑟)

(
3
2
)

2𝜋2ћ3 (ℎ𝑣 − 𝐸𝑔)
1

2𝑑(ℎ𝑣)                                                                              (2.24) 

The initial and final state densities, Ni and Nf, respectively, have a linear relationship with the 

absorption coefficient:  

𝛼(ℎ𝑣) = 𝐵(ℎ𝑣 − 𝐸𝑔)
1/2

                                                                                                          (2.25) 

Where  

𝐵 =
𝑞2(

2𝑚ℎ
∗ 𝑚𝑒

∗

𝑚ℎ
∗ +𝑚𝑒

∗ )

1
2

𝑛𝑐ℎ2𝑚𝑒
∗                                                                                                                          (2.26) 

                  =
𝑞2(𝑚𝑟)

1
2

𝑛𝑐ℎ2𝑚𝑒
∗                                                                                                                    (2.27) 

To generalize equation (2.25) rewrite it to become: 

(𝑎𝐸)1/𝑝 = 𝐵(𝐸 − 𝐸𝑔)                                                                                                             (2.28)  

To estimate the energy gap for semiconductor materials, (𝛼𝐸)
1

𝑝
 
plotted against incident photon 

energy E, where the intercept of the E-axis in the linear region of the absorption with the baseline 

represents the Eg value. 
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Fig. 2.5: The (a) direct and (b) indirect band gap transitions.[31] 

2.3.4 Direct and indirect transitions 

 

                                                                               

 

 

 

 

 

A particular momentum (k-vector) in the Brillouin zone separates the maximal energy state in the 

valence band from the lowest energy state in the conduction band of semiconductors. The allowed 

direct absorption transition (Fig. 2.5 (a)) occurs when the valence band's top and conduction band's 

bottom have the same momentum [33]. The indirect band gap is created when the minimum energy 

of the conduction band and the maximum energy of the valence band occur at different k values 

[34]. The difference in k-vectors results in misalignment bands that require phonon help to absorb 

excited electrons into the conduction band. However, directly band gap materials don't require a 

change in crystal momentum (k), so no phonon assist is required [35]. In optoelectronics, solar 

energy conversion, and light emitting diodes (LEDs), direct band gap semiconductors are essential 

for several applications.[36]. On the other hand, indirect bandgap semiconduc tors 

are not effective light emitters because optical transitions over 

an indirect bandgap are forbidden.[37]. 

  

(a)                                        (b) 
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2.3.5 Energy Band Tails (Ee) 

 

Along the absorption coefficient curve, if  displays a steady trend of variations when increasing 

the photon energy, this is called absorption saturation. In the low energy region, the presence of 

band tails is shown by a decreasing trend of variation with decreasing photon energy. While  

shows an increasing trend of variation as photon energy decreases, this implies the presence of 

free carrier absorption. 

The Urbach tail (Ee) is an exponential portion that depends on photon energy in the  – E spectra. 

Its rule is described as follows [38]: 

𝛼 = 𝛼0 𝑒
𝐸

𝐸𝑒                                                                                                                                (2.29) 

In this equation,  represents the absorption coefficient, 𝛼0   is a constant, E is photon energy, and 

Ee is the width of the band tail of the localized state associated with the amorphous state. Taking 

the logarithm of both sides of the equation (2.29), we get a straight line equation. It's given by: 

ln 𝛼 = ln 𝛼0 +
𝐸

𝐸𝑒  
                                                                                                                     (2.30)                                                                                                  

When ln () is plotted against incident photon energy (E), the slope of the straight- line used to 

calculate the entry band energies (Ee). 
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2.3.6 Dielectric spectra  

The study of dielectric materials is particularly important in terms of refractive index dispersion. 

There is the complex dielectric constant and the complex optical conductivity, which are 

introduced through Maxwell's equations (assuming there is no charge density in the absence of 

incident light) as [39]:  

∇⃗⃗ × 𝐸⃗ =  −
𝜕𝐵⃗ 

𝜕𝑡
                                                                                                                           (2.31) 

∇⃗⃗ × 𝐻⃗⃗ =  𝐽 +
𝜕𝐷⃗⃗ 

𝜕𝑡
                                                                                                                       (2.32) 

∇⃗⃗ . 𝐷⃗⃗ = 0                                                                                                                                    (2.33) 

∇⃗⃗ . 𝐵⃗ = 0                                                                                                                                    (2.34) 

Since 𝐸⃗  is the electric filed, 𝐻⃗⃗  is the magnetic field, and   𝐽  is the current density. While 𝐷⃗⃗   and  𝐵⃗⃗  ⃗ 

are the electric and magnetic fields in the medium. To define the concepts of the complex dielectric 

function (𝜀), the complex magnetic permeability (𝜇), and the complex electrical conductivity (𝜎), 

the equations that are relating 𝐷⃗⃗ ,  𝐵⃗⃗  ⃗, and 𝐽  to the 𝐸⃗   and 𝐻⃗⃗   fields can be expressed as: 

𝐷⃗⃗ =  𝜀𝐸⃗                                                                                                                                     (2.35) 

𝐵⃗ =  𝜇 𝐻⃗⃗                                                                                                                                    (2.36) 

𝐽 =  𝜎 𝐸⃗                                                                                                                                     (2.37) 
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By taking the curl of equation (2.31) and substituting 𝐵⃗  and ∇⃗⃗ × 𝐻⃗⃗  from equations (2.36) and 

(2.32), respectively. We get: 

∇⃗⃗ × (∇⃗⃗ × 𝐸⃗ ) =  −𝜇 (
𝜕𝐽 

𝜕𝑡
+

𝜕2𝐷⃗⃗ 

𝜕𝑡2
)                                                                                               (2.38) 

Then, substituting equations (2.37) and (2.35) into equation (2.38) to get: 

∇⃗⃗ × (∇⃗⃗ × 𝐸⃗ ) =  − (𝜇 𝜎
𝜕𝐸⃗ 

𝜕𝑡
+ 𝜇 𝜀

𝜕2𝐸⃗ 

𝜕𝑡2
)                                                                                     (2.39) 

With the help of vector identity, the left-hand side of equation (2.39) can be simplified as: 

∇⃗⃗ × (∇⃗⃗ × 𝐸⃗ ) =  ∇⃗⃗ (∇⃗⃗ . 𝐸⃗ ) −  ∇⃗⃗ 2𝐸⃗                                                                                               (2.40) 

Here, ∇⃗⃗ . 𝐸⃗  is equal to zero if there is no charge density, and then the equation (2.40) becomes: 

∇⃗⃗ 2𝐸⃗ =  𝜇 𝜎
𝜕𝐸⃗ 

𝜕𝑡
+ 𝜇 𝜀

𝜕2𝐸⃗ 

𝜕𝑡2
                                                                                                           (2.41) 

By taking the curl of equation (2.32) and eliminating ∇⃗⃗ × 𝐽  and ∇⃗⃗ × 𝐷⃗⃗  from equation (2.37) and 

(2.35), respectively. We get: 

∇⃗⃗ 2𝐻⃗⃗ =  𝜇 𝜎
𝜕𝐻⃗⃗ 

𝜕𝑡
+ 𝜇 𝜀

𝜕2𝐻⃗⃗ 

𝜕𝑡2
                                                                                                          (2.42) 

Equations (2.41) and (2.42) have sinusoidal solutions in the form 

𝐸⃗ = 𝐸0  𝑒
𝑖(𝐾⃗⃗ .𝑟 −𝜔𝑡)                                                                                                                     (2.43) 

𝐻⃗⃗ = 𝐻0 𝑒
𝑖(𝐾⃗⃗ .𝑟 −𝜔𝑡)                                                                                                                    (2.44)                                                                                                

Where 𝜔 is the frequency of the light and K is the complex propagation constant. The real part of 

the complex propagation constant can be characterized as a wave vector, while the imaginary part 

indicates the wave's attenuation inside the material and corresponds to energy dissipation. 
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If we substitute the sinusoidal solution (2.43) into equation (2.41), then we get: 

𝐾2 =  𝜇𝜀𝜔2 + 𝑖𝜇𝜀𝜎                                                                                                                  (2.45) 

If there are no energy losses, K would be a real number and characterized as a wave vector as: 

𝐾0 = 𝜔√𝜇𝜀                                                                                                                               (2.46) 

If there are energy losses in the conducting medium, K will be a complex quantity defined as: 

𝐾 = 𝜔√𝜇𝜀𝑐𝑜𝑚𝑝𝑙𝑒𝑥                                                                                                                     (2.47)  

Since the complex dielectric function can be defined as: 

𝜀𝑐𝑜𝑚𝑝𝑙𝑒𝑥 =  𝜀 +
𝑖𝜎

𝜔
=

𝑖

𝜔
[𝜎 +

𝜀𝜔

𝑖
] =  𝜀𝑟 + 𝑖 𝜀𝑖𝑚𝑔                                                                      (2.48) 

Since 𝜀𝑟  𝑎𝑛𝑑 𝜀𝑖𝑚𝑔  are both the real and imaginary parts of the dielectric constant. 

𝜀𝑐𝑜𝑚𝑝𝑙𝑒𝑥 =
𝑖

𝑤
𝜎𝑐𝑜𝑚𝑝𝑙𝑒𝑥                                                                                                               (2.49) 

Where we defined complex conductivity as 

𝜎𝑐𝑜𝑚𝑝𝑙𝑒𝑥 =  𝜎 − 𝑖𝜀𝜔                                                                                                                 (2.50) 

The complex dielectric function and complex conductivity are connected to laboratory-measured 

observables such as absorption as well as solid-material characteristics such as effective mass and 

carrier density. Consider a wave propagating in the z-direction to determine these relations. By 

placing K in equation (2.43), we get a plan wave in the form 

𝐸⃗  (𝑧, 𝑡) = 𝐸0 𝑒
𝑖𝜔𝑡  𝑒

(𝑖𝜔𝑧√𝜀𝜇√1+
𝑖𝜎

𝜀𝜔
)

                                                                                           (2.51) 

For free space, 𝜀 = 𝜀0, 𝜇 = 𝜇0, and 𝜎 = 0. The equation (2.51) is reduced to a simple plane wave 

solution. 

𝐸⃗ = 𝐸0  𝑒
𝑖(𝐾𝑧−𝜔𝑡)                                                                                                                       (2.52) 
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Here, 𝐾 = 𝐾0 = 𝜔√𝜇0𝜀0 𝑎𝑛𝑑 𝑐 =
1

√𝜇0𝜀0
 , since c is the speed of electromagnetic wave in free 

space.  

If the electromagnetic wave propagates in a material with finite electrical conductivity, the 

equation (2.51) can be expressed in form as follows: 

 

𝐸⃗  (𝑧, 𝑡) = 𝐸0 𝑒
−

𝑖𝑘𝑧

𝑐  𝑒𝑖(
𝜔𝑛̃𝑧

𝑐
−𝜔𝑡)

                                                                                                  (2.53) 

Since fi and k are the real and imaginary components of the complex refractive index, respectively, 

which can be described as: 

𝑁𝑐𝑜𝑚𝑝𝑙𝑒𝑥 = 𝑐√𝜇𝜀𝑐𝑜𝑚𝑝𝑙𝑒𝑥 = 𝑐√𝜇𝜀(1 +
𝑖𝜎

𝜀𝜔
) =  𝑛̃ (𝜔) + 𝑖 𝑘̃ (𝜔)                                            (2.54) 

 Here the real part  𝑛̃ is the refractive index which is defined as the ratio between the speed of light 

in free space and the speed of light in the medium [40]. The imaginary part 𝑘̃ is called extinct ion 

coefficient which determined the amount of light absorbed at a given wavelength [41].  

The dispersion equation, defined by the following relations, introduces the complex refractive 

index formula [42]: 

𝑁𝑐𝑜𝑚𝑝𝑙𝑒𝑥 = 𝑛 ̃(𝜔) + 𝑖 𝑘̃ (𝜔) (2.55) 

                = (𝜀𝑟 + 𝑖 𝜀𝑖𝑚)
1

2                                                                                                         (2.56) 

     Where  𝜀𝑟 and 𝜀𝑖𝑚 are the real and imaginary dielectric constants. The effective dielectr ic 

constant  is expressed in terms of the real part 𝜀𝑟 and imaginary part 𝜀𝑖𝑚, through the relation 

[43]: 
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𝜀𝑒𝑓𝑓 = 𝜀𝑟 + 𝑖 𝜀𝑖𝑚                                                                                                                      (2.57) 

It also expressed in terms of the refractive index 𝑛̃( ω  ) as following [43]: 

 𝜀𝑒𝑓𝑓 = ñ2( ω  )                                                                                                                        (2.58)                                                                              

Squaring both sides of equation (2.56), and comparing the real and imaginary parts on both sides 

of the equation, we can get 𝜀𝑟  and 𝜀𝑖𝑚 in terms of 𝑛̃(𝜔) and 𝑘̃(𝜔) 

𝑛̃2(𝜔)− 𝑘̃2(ω) = 𝜀𝑟                                                                                                                (2.59) 

2 𝑛̃(𝜔) 𝑘̃(𝜔) = 𝜀𝑖𝑚                                                                                                                  (2.60) 

 

2.3.7 Drude - Lorentz model 

Drude and Lorentz developed a classical theory of the refraction and dielectric constant of 

materials as they relate to light frequency. The Drude-Lorentz model explains dielectric dispersion. 

Starting with the equation of motion for a system of particles subjected to a resistive force while 

motion, we can define the equation of electron motion as follows [39]: 

𝑚
𝑑2𝑥

𝑑𝑡2
+

𝑚𝑣

𝜏
=  𝑒 𝐸0𝑒

−𝑖𝜔𝑡                                                                                                          (2.61)    

Where 𝑚 is the mass of the electron, 
𝑑2𝑥

𝑑𝑡2
 is the electron acceleration, 

𝑚𝑣

𝜏
 is the damping force of 

the medium and the sinusoidally time dependent electric field. As the applied electric field is 

sinusoidal, the electrons will experience the following sinusoidal motion: 
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𝑑𝑥

𝑥𝑡
= 𝑣 = 𝑣0𝑒

−𝑖𝜔𝑡                                                                                                                      (2.62) 

By taking the derivative for both sides, we can get: 

𝑑𝑥2

𝑑𝑡2
=

𝑑𝑣

𝑑𝑡
= 𝑣0(−𝑖𝜔)𝑒−𝑖𝜔𝑡                                                                                                        (2.63) 

Now, substituting equation (2.62) and (2.63) into equation (2.61): 

𝑚 𝑣0(−𝑖𝜔)𝑒−𝑖𝜔𝑡 + 𝑚𝑣0𝑒
−𝑖𝜔𝑡 = 𝑒 𝐸0𝑒

−𝑖𝜔𝑡                                                                             (2.64) 

Therefore, we can write: 

 𝑣0 =
𝑒𝐸0

𝑚

𝜏
−𝑖𝑚𝜔

                                                                                                                             (2.65) 

Since the current density, which is related to the carrier density and the drift velocity, is defined 

as: 

𝐽 = 𝑛𝑒𝑣0 =  𝜎𝐸0                                                                                                                      (2.66)  

Substituting equation (2.65) into equation (2.66) to get: 

𝜎 =
𝑛𝑒2𝜏

𝑚(1−𝑖𝜔𝜏)
                                                                                                                             (2.67) 

Suppose that the only conduction mechanism we are working on at that point is the free carrier 

mechanism. Therefore, in order to determine the entire complex dielectric function, we will take 

into account all other contributions to o in terms of 𝜀𝑐𝑜𝑟𝑒 doping impurity (core dielectric constant) 

 𝜀𝑐𝑜𝑚𝑝𝑙𝑒𝑥 = 𝜀𝑐𝑜𝑟𝑒 +
𝑖𝜎

𝜔
                                                                                                             (2.68) 

Substituting equation (2.67) into equation (2.68) to get: 
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𝜀𝑐𝑜𝑚𝑝𝑙𝑒𝑥 =  𝜀𝑐𝑜𝑟𝑒 +
𝑖

𝜔

𝑛𝑒2𝜏

𝑚(1−𝑖𝜔𝜏)
.
1+𝑖𝜔𝜏

1+𝑖𝜔𝜏
= 𝜀𝑟 + 𝑖𝜀𝑖𝑚                                                                (2.69) 

Then we can written the real and imaginary part of dielectric constant as: 

𝜀𝑟 = 𝜀𝑐𝑜𝑟𝑒 −
𝑛𝑒2𝜏2

𝑚(1+𝜔2𝜏2)
                                                                                                             (2.70) 

𝜀𝑟 =
𝑛𝑒2𝜏

𝜔𝑚(1+𝜔2𝜏2)
                                                                                                                       (2.71) 
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Chapter Three 

Experimental details 

3.1 Glass cleaning 

At first, the glass substrate with dimension (25.4 x 76.2 x 1.2 mm), which is used for thin film 

deposition, is cleaned by a soft sponge, distilled water, and alcohol to remove impurities, dust, and 

proteins from the surface. Some of these glasses are split evenly into small 30 mm pieces by the 

glass cutter before cleaning. The cleaned glasses were then placed in a beaker filled with ethyl 

alcohol (97%). They were subsequently washed in alcohol and dried. Finally, we check that there 

are no scratches or cracks on the glasses’ surfaces before using them as clean substrates for our 

work. 

3.2 Thin film preparation  

The sputtering (Fig. 3.1) technique is used for the formation of the optically transparent windows. 

50 nm-thick SiO2 films are prepared by running the ion coater for 300 s. Some of the fabricated 

SiO2 films are used as a substrate to deposit thin layers of Gold for 30 s per round, which deposit 

layer with a thickness of 50 nm, and repeated the rounds two and four times to have a thickness of 

Au layer of 100 and 200 nm in order to obtain optical properties. Then it was covered with another 

layer of SiO2 with a thickness of 50 nm, which is shown in Fig. 3.3. During this process, the system 

is closed completely. The optical images of real samples are shown in Fig. 3.2. For the purpose of 

investigating the surface morphology, the top surfaces of SiO2 films were coated with Au 

nanosheets of thickness of 50, 100, and 200 nm. 
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Fig. 3.2: The optical images of real samples of (a) SAS-00 (b) SAS-50 (c) 

SAS-100 (d) SAS-200 

(a) 

(b) (c) 

(d) 

Fig. 3.1: The ion coater sputtering system 

(a) (d) 
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The thickness of the SAS samples was determined using a surface roughness tester-profilometer 

(Model SOLID TR-200 plus). The SAS-00, 50, 100, and 200 have an average readings of around 

100, 150, 200, and 300 nm, according to the profilometer. The error percentage in the measured 

values was ~ 10%. Fig. 3.4 depicts the roughness tester-profilometer (Model SOLID TR-200 Plus) 

system. 

 

 

 

  

Fig. 3.4: The roughness tester-profilometer (Model SOLID TR-200 Plus) system.  

Fig. 3.3: The geometrical design of the real films of (a) SAS-00, (b)SAS-50, (c)SAS-100, and 

(d)SAS-200 

(a) 

(b) (c) 

(d) 
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3.3 Thin film analysis 

The thin film analysis were carried out using hot prop, the X-ray diffraction, the scanning electron 

microscopy, and optical spectroscopy technique to explore the conductivity type, the structural, 

the morphology, and the optical properties of the films, respectively.   

3.3.1 The hot probe technique 

The hot probe technique is used to determine the conductivity () type of semiconductors, which 

is required for electric applications. In this technique if the semiconductor is n-type, that means 

that the majority carrier is an electron, while if it is p-type, the majority carrier is a hole. The setup 

for this process involved touching the produced sample with a heat soldering iron (hot probe) and 

a cold probe, as shown in Fig. 3.5, the heat source will cause charge carrier motion, which will 

cause a current/voltage difference [44]. The digital multimeter connects both probes. The hot iron 

was linked to the DMM's positive terminal, and the cold iron to the negative terminal. When the 

voltage reading on the DMM is positive, the semiconductor is n-type, which indicates that the 

material has a high concentration of electrons. The p-type semiconductor gives negative voltage 

values. When we did this test on our samples, we found that SAS-00 is p-type, SAS-50 is p-type, 

SAS-100 is n-type, and SAS-200 is n-type. 

 

 

 

  

Fig. 3.5: The hot probe technique. 
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3.3.2 The X-ray diffraction measurements 

XRD measurements were carried out using a Rigaku MiniFlex-600 X-ray power diffractometer 

(Fig. 3.6) with copper anode Kα radiation running at a voltage of 40 kV and a current of 15 mA. 

The 2θ scanning approach was used in the range of 10o-70°, with a scan rate of 1°/min with an 

average wavelength of 1.5405 Ao. X-ray diffraction reveals the lattice structure of SAS-00, 50, 

100, and 200. The diffraction patterns were investigated using Bragg's diffraction formula (nλ = 

2d sin θ) with d being the distance between the oriented planes, and 2 denotes the locations of 

the diffraction peaks. The system includes a monochromator, detector, slit set, and sample 

container. The sample rotates by 2θ, and the detector measures the intensity of the x-ray beam. 

Slits are also employed to adjust the x-ray beam's size and shape. 

 

 

 

 

 

  

Fig. 3.6: Rigaku MiniFlex-600 X-ray power diffractometer. 
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3.3.3 Scanning electron microscope  

To explore the surface morphology, the top surfaces of SAS-00, 50, 100, and 200 films, which 

were deposited onto glass substrates, were coated with an Au layer by the ion coater. The scanning 

electron microscope used for this purpose is shown in Fig. 3.7. The samples were installed inside 

the microscope using copper adhesive to make electrons flow into the surface. An electron gun 

produces a highly focused electron beam that the SEM uses to scan the film's surface. Through 

their interactions with the sample atoms, these electrons produce signals that provide details about 

the composition of the sample. A secondary electron detector is used to collect these secondary 

electrons from each site on the sample in order to produce a two-dimensional picture that illustrates 

the morphological properties of the designed film. 

 

 

 

 

 

 

 Fig. 3.7: Scanning electron microscopy (SEM). 
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3.3.4 The compositional measurements 

Prepared sample composition is determined by using the energy dispersive X-ray spectroscopy 

(EDX) technique. By subjecting the sample to a high-energy electron beam, the electrons in the 

sample become excited to move from their inner to their outer shells, creating electron vacancies. 

When some electrons go from the outer to the inner shell, X-rays with an energy equivalent to the 

energy difference between the levels are released. Since the energy levels of electrons are 

quantized, the typical X-ray energy that each element emits varies often. The sample history will 

be utilized to identify the unknown beaks in situations where there is confusion regarding the 

peaks.  

  

Fig. 3.8: The energy dispersive X-ray spectroscopy. 
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3.3.4 Optical measurements 

The optical variables including the transmittance (T) and reflectance (R) were measured in the 

incident light wavelength range of 300-1100 nm at a scan rate of 1200 nm/min. The measurements 

were taken using a thermo-scientific Evolution 300 UV-Visible light spectrophotometer (Fig. 3.9). 

All measurement was handled at normal incidence. T% and R% are used to calculate absorption 

coefficients, interband transitions, optical energy band gaps, and band tails. The dielectric 

dispersion is also measured. The data is acquired using the VISION Pro software suite. The 

reflection coefficient was measured with help of Pike type reflectometer attached to the system. 

The measurements of the transmittance and reflectance were handled at normal incidence.     

 

 

 

 

 

 

 

  

Fig. 3.9: Thermo-scientific evolution 300 UV-Visible light spectrophotometer 
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 Chapter Four  

Results and discussion 

4.1 Structural analysis 

The target of the current work is to enhance the electrical conductivity of a transparent electrode 

so that it allows optical transmittance and high electrical conductance at the same time. For this 

purpose, SiO2 was selected. SiO2-stacked layers of thickness 50 nm were sandwiched with Au 

nanosheets of thickness 50, 100, and 200 nm. The samples are named SAS-00, SAS-50, SAS-100, 

Fig4.1: The X-ray diffraction patterns for SiO2/Au/SiO2 with 0, 50, 100, and 200 nm thicknesses of Au, 

respectively. SAS-00, SAS-50, SAS-100, and SAS-200 show the optical image of the samples. Inset_1: 
Represent the optical images for real samples 

2   o 

(Inset-1) 
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and SAS-200, respectively. From Fig. 4.1 it is clear from the Inset_1 that the color of the film 

differs from sample to sample by increasing the thicknesses of the Au layer from 0 nm to 200 nm,  

 which have a water-like color and then become gray at a thickness of 50 nm of Au, then have a 

dark gray color at 100 nm, and finally acquire a golden color when the thickness of the Au layer 

is 200 nm. The X-ray diffraction (XRD) patterns for the SiO2 / Au / SiO2 film are displayed in Fig. 

4.1. It is seen from the figure that the SAS films are amorphous in nature, as evidenced by the 

nonintensive XRD patterns. The peak that appeared in the SAS-200 films is assigned to Au 

(JCPDS Card No.04-0784). The peak appeared at 2 = 38.3o. This peak is assigned to FCC (Face 

Centered Cubic) gold being oriented along the (111) direction [45] ; its existence means that the 

film became gold rich. 

4.2 Scanning electron microscopy  

Scanning Electron Microscopy (SEM) was used to investigate the surface morphology of SAS-50, 

SAS-100, and SAS-200. In Fig. 4.2.a, the surface morphology of the SAS-50 film is represented. 

For an enlargement of 10K times, the gold nanoparticles are randomly distributed and accumulated 

in groups, and tiny particles with irregular shapes can be observed. On the other hand, by 

increasing the thickness of Au to 100 nm from an enlargement of 20K times shown in Fig. 4.1.b, 

some rarely observed circular grains appeared on the surface of the film. Moreover, Fig. 4.2.c 

represents the surface morphology of the film comprising a 200 nm thickness of Au. For an 

enlargement of 5K times, the accumulation of circular clusters has one core and appears to 

surround tiny spherical grains. Further enlargement by 10K, which is shown in Fig. 4.2.d, displays 

a larger sphere with a central core and surrounding tiny spherical grains of average size in the 

range of 0.9 – 2.0 μm. The average size of circular grains is 1.45 μm.  
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Fig4.2 : SEM image for sample.(a) SAS-50, (b) SAS-100, (c) SAS-200 5K enlargement, (d) SAS-200 

10K enlargement films, and (e)SAS-200 10K enlargement measured. 

(a) 

(b) (c) 

(d) 

(e) 
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4.3 Energy dispersive X-ray spectroscopy (EDS) 

 The energy dispersive X-ray spectra for SAS-00, SAS-50, SAS-100, and SAS-200 are presented 

in Fig. 4.3. As seen from the figure, the spectra indicate the presence of glass (SiO2 : Na2O : MgO 

: CaO) and Au. It is evident from the inset_1 shown in the figure that the content of Au increases 

with increasing Au thickness. The higher the Au concentration, the freer the electron concentration 

in the films. [46] 

  

Fig. 4.3: The EDS for SAS-00, SAS-50, SAS-100, and SAS-200 films. 

Inset_1: Represent the concentration of Au in the samples. 
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4.4 Optical analysis 

In order to investigate the optical properties of SiO2-stacked layers comprising slabs of Au, the 

optical transmittance (T) and reflectance (R) spectra were recorded. The measurements were 

carried out in a wavelength (λ) range of 300–1100 nm at a scanning speed of 1200 nm/min. The 

results are presented in Fig. 4.4. It’s clear from the figure that the transmittance spectra of SAS-00 

sharply increase with decreasing energy below 3.6 eV, and then T saturates at 70%. Similarly, for 

SAS-50, the T% value increases with decreasing energy below 3.6 eV, then slightly decreases after 

reaching 2.5 eV. However, it saturates at 62%. On the other hand, by increasing the thickness of 

the Au layer to 100 nm, the transmittance sharply increased with decreased energy until the highest 

transmission value of 60.8% at 2.44 eV was reached, then the transmittance sharply decreased with 

further energy decreases. Likewise, when the thickness of the Au layer is increased to 200 nm, the 

transmittance slightly increases to a maximum value of 34.2% at 2.32 eV, then sharply decreases, 

reaching a minimum value of 8.36%. In general, the transmittance of SAS-100 and SAS-200 

approximately shows the same behavior. The T% spectra of SAS-100 and SAS-200 indicate that 

the effect of the sandwiching of the Au layer between the SiO2 layers becomes more effective 

when the energy of the incident light is less than 2.37 eV. Moreover, this decrease probably refers 

to increased light absorption [47] .In addition, the increased thickness of the Au layer increases 

the free carrier concentration [48], leading to a higher plasmon interaction [49]. .For energy 

conservation, the low infrared transmittance thin films were advantageous.[50]  

 



34 

 

 

On the other hand, the reflectance (R) spectra for SAS-00, 50, 100, and 200 are illustrated in Fig. 

4.5. The reflectance slowly increases with decreasing energy until an energy value of 1.48 eV is 

reached. The reflectance of SAS-00, 50, and 100, which is present in Fig. 4.5 (a). For smaller 

energy values, the reflectance of SAS-00, 50, and 100 rapidly increases with decreasing energy. It 

is also remarkable from Fig. 4.5 (b) that the reflectance spectra of the SAS-200 display a slow 

increase in R% value until 15.6% at 2.43 eV, then rapidly increase from 15.6% to 54.8% at energies 

equal to 2.43 and 1.16 eV, respectively. The abnormally increased R values should play a role in 

enhancing the dielectric properties. It means that SAS-200 substrates are suitable for high-

dielectric gate applications [51]. While probable reasons laying beyond the increased reflectance 

Fig. 4.4: The transmittance spectra for SAS-00, SAS-50, SAS-100, and SAS-200 

substrates, respectively, are in the range of 1.13-4.50 eV. 
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could be the increased scattering and increased surface roughness with an increased Au layer 

[52][53][54][55]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The optical transmittance and reflectance coefficients are used to calculate the absorption 

coefficient () form equation (2.9) for SAS-00, 50, 100, and 200 samples. The absorption 

coefficient is shown in Fig. 4.6. It is clear from the figure that the absorption coefficient in the 

spectral range of 3.7 -4.5 eV for SAS-00 is relatively high compared to SAS-50, 100, and 200 

interfaces. While the absorption coefficient for all samples decreases with decreasing incident 

photon energy, clearly, the - spectra in the infrared range are illustrated in inset-1 of Fig. 4.6. It 

is observed that they remain constant, then slightly increase by decreasing the incident photon 

Fig. 4.5: The reflectance spectra (a) for SAS-00, SAS-50, SAS-100, and (b) SAS-200 

substrates, respectively, in the range of 1.0-4.5 eV. 

(a) (d) 
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energy (E) in the range (1.40 - 1.80) eV and increasing the thickness of the Au layer, resulting in 

the generation of electrons that act as a source of free charge carriers. It is usually ascribed to the 

free carrier absorption mechanisms that attribute it to material that has metal-like properties. 

However, the free carrier absorption in the low energy range mostly results from impurities [56], 

carrier transitions between conduction and valence bands [57], defects [58], and increasing the 

thickness of the Au layer as mentioned. Particularly, the rate of change of  with E ( 
∆𝛼

∆𝐸
 ) for SAS-

00, 50, 100, and 200 are -0.547, -0.386, -1.794, and -3.529, respectively. Therefore, it is evident 

that the increase in the thickness of the Au layer leads to a different set of band tails that narrows 

with increasing Au concentration. 

 

 

 

 

 

 

 

 

  

Fig. 4.6: The absorption coefficient spectra for SAS-00, SAS-50, SAS-100, and SAS-200 are in 

the range of 1.0 - 4.5 eV. 
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Fig. 4.7: The energy band gap for SAS-00, SAS-50, SAS-100, and SAS-200 was in the range of 

2.0- 4.4 eV. 

To explore the effect of the Au layer on the optical transitions in SAS-xx samples, Tauc’s equation 

(2.10) was employed. The respective ( E)2, ( E)2/3, ( E)1/2, and ( E)1/3 versus E variation were 

plotted as illustrated in Figs. 4.7, 4.8, . 4.9, and 4.10, respectively.  Then they were compared. The 

most appropriate fit of the data for all samples was obtained for the ( E) 1/3 – E variation, 

indicating that the band gap is of the indirect forbidden transition type. The intercept of the E-axis 

revealed an energy band gap value, which indicates a decrease in the energy band gap that is 

present in Table 4.1. However, the decrease in the value of the band gap is due to increasing 

thickness of the Au layer, which reduces the Urbach energy in the optical band and is probably 

attributed to the increased structural disorder [59].  
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Fig. 4.9 : The energy band gap for SAS-00, SAS-50, SAS-100, and SAS-200 was in the range 

of 3.0- 4.6 eV. 

Fig. 4.8 : The energy band gap for SAS-00, SAS-50, SAS-100, and SAS-200 was in the range 

of 2.0- 4.4 eV. 
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Additionally, this red shift in band gap energy results from the generation of new electronic states 

within the conduction and valence bands, which decreases the value of Eg [60, 61]. The decreases 

in band gap is advantageous for optoelectronic application [62] SiO2 films correspond to bonds of 

Si-O of length 1.6 Ao [63]. The bonding is created between Si+4 and four O-2 atoms to form corner-

sharing SiO4 tetrahedra. The fundamental band gap of it is 9.57 eV, showing valance band maxima 

(VBM) at (½, ½, ½) of the cubic cell. The conduction band minima (CBM) is at the lattice center 

(0, 0, 0). VBM mainly comes from O-2p and Si-3p; however, CBM is not directed orbitals above 

VBM it can result from 3p orbits up to 3d of the Si atom [64]. This feature provides a wide variety 

in the energy band gap value.  

Fig. 4.10: The energy band gap for SAS-00, SAS-50, SAS-100, and SAS-200 was in the range 

of 3.0- 4.6 eV. 
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Urbach energy values for SAS-00, 50, 100, and 200 were determined in the range of 1.19–1.50 

eV. The Urbach energy can appear due to defects [65, 66] and low crystallinity in the films [67]. 

Urbach energy (Eu) was estimated from equation (2.30) by plotting ln (α) vs. incident photon 

energy and fitting the slope of the curve as shown in Fig. 4.11. It is clear from the linearity of 

slopes that the band tails exist in SAS-00 and SAS-50. The band tail width for all samples is 

illustrated in Table 4.1. It’s noticeable from the table that the values of band tail width for SAS-00 

and SAS-50 exhibit values lower than Eg/2. The rule is not valid for SAS-100 and SAS-200. It is 

clear that the two samples exhibit metal-like orbital overlapping. Strong orbital overlapping 

guaranteed by the thicker Au layer shifts the band gap tails closer to the conduction band minima. 

Such a shift leads to a shift of the fermi level to the conduction band, showing degenerate 

semiconductor characteristics.      

 

         

  SAS-00 SAS-50 SAS-100 SAS-200 

Eg (eV) 3.48 3.45 3.41 3.28 

Eu (eV) 1.385 1.217 - - 

     

Table 4.1: The energy band gap and the energy band tails for SAS-00, 50, 100, and 200  
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Fig. 4.11:  ln () VS photon  energy spectra  
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4.5 Dielectric properties   

To expand the possible application of this structure, dielectric properties are investigated. The 

optical transmittance and reflectance spectral data were used to determine the dielectric constant 

spectra of the films. Fig. 4.12 and Fig. 4.14 display the spectra of the real and imaginary parts of 

the dielectric constant, respectively. The dielectric constant spectra were calculated using (2.59) 

and (2.60). Fig. 4.12(a) shows that the SAS-00 has a low dielectric constant value of 2.83. 

Literature reported a low dielectric constant for SiO2 with a value of 2.25 [68]. Moreover, by 

increasing the thickness of the Au layer by 50 or 100 nm, the dielectric constant increased to 3.37 

for SAS-50 and 4.14 for SAS-100. However, by increasing the Au layer thickness to 200 nm in 

accordance with Fig. 4.9(b), the dielectric constant sharply increases, reaching an abnormal value 

of 44.9. The enhancement is that the dielectric constant spectra indicate the suitability of SAS 

samples for high-k-dielectric applications. In addition, this increase in r value in the visible and 

infrared ranges can be attributed to free carrier absorption, which improves the dielectric properties 

by increasing the values from 2.83 to 44.9.It is also noted that the SAS-00 and SAS-50 samples 

show slow increases with decreasing incident photon energy values. The variation in the dielectric 

constant of SAS-100 becomes sharper in the IR range. It can also be observed from Fig. 4.9(b) that 

the dielectric constant of SAS-200 films shows very sharp increases in the spectral range of 1.15–

2.50 eV. This property is regarded as an advantage for non-linear optical applications. Wide 

tunability of optical devices is possible due to the thin film trend of variation. 
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Fig. 4.12:  (a) real parts of the dielectric constant of the SAS-00, 50, and 100 with energy, and 

(b) for the SAS-200. 

(a) (b) 
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The real part of the dielectric constant is modeled using equation (2.70) to investigate the properties 

of this dielectric medium by using the Drude-Lorentz model, where the fitting parameters are 

tabulated in Table 4.2 and as Fig. 4.13 illustrates. Here, the hole effective mass in SiO2 is found to 

be 0.58 m0, where m0 is the free electron mass [69] and the effective mass of Au is 1.10 m0 [70]. 

By increasing the thickness of the Au layer, 𝜀𝑐𝑜𝑟𝑒  (𝜀 ∞) becomes larger, increasing from the value 

of 2.55 to 11 for SAS-00 and SAS-200, respectively. In addition, the optical parameters like , n, 

and are affected by this increase in the Au layer. For example, in the infrared region, the 

scattering time () for SAS-00 was 1.1 fs; when we reach a thickness of 200 nm of the Au, it 

becomes 0.7 fs. The lower the scattering time constant, the higher the electronic friction 

coefficient. In addition, it is important to notice that the scattering time () for SAS-00 in all energy 

regions is larger than its value for SAS-200, and the scattering time () depends on the number of 

free carriers and the crystalline nature of the material. Particularly, the longer the scattering time, 

the lower the electronic friction in the material since the free carrier motion of the electrons through 

SAS-00 and SAS-50 is hardily possible because of their amorphous nature. Moreover, the rise in 

free carrier density caused by sandwiching the Au layer in the SiO2 substrate reduces the drift 

mobility () from 1.819 cm2/Vs for SAS-00 to 0.691 cm2/Vs for SAS-200 in the ultraviolet energy 

region. The free electron density in the ultraviolet region is found to be 8 x1018 cm-3, 9 x1018cm-3, 

and 7 x1018 cm-3 for SAS-00, SAS-50, and SAS-100, respectively. Then it increased to a value of 

600 x1018 cm-3 when the thickness of Au layer reaches 200 nm. The increase in n values from 1018 

to 1020 indicate that SAS-200 exhibit metal plate characteristic with high number of free electrons. 

The substrate with these properties can be used as electron source. 
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Table 4.2: The Optical Conductivity Parameters for SAS-00, 50, 100, and 200 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.13 :  The real part of the dielectric spectra for (a) SAS-00,( b) SAS-50, (c) SAS-100, and (d) 

SAS-200. 

The black-colored plots represent the fitting. 
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The imaginary part of the dielectric spectra. 

 

On the other hand, to get information about the optical conductivity (() = (𝜀𝑖𝑚 /4𝜋);  is the 

angular frequency), the imaginary part (𝜀𝑖𝑚) of the dielectric constant spectra is measured. The 𝜀𝑖𝑚 

for the SAS-00, 50, 100, and 200 are presented in Fig. 4.14. It is clear from the figure that the 

optical conductivity of the samples is increasing in the infrared range, which is evidence of an 

increase in the  im . The increase in conductivity can be attributed to an increase in the free carrier 

concentration. 
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Chapter Five 

Conclusion  

This thesis focused on enhancing transparent substrates so that they become adequate for 

optoelectronic applications. The target was reached by using SiO2 as transparent substrates and 

sandwiching them with Au nanosheets to enhance their optical conductivities without losing their 

optical transparency. SiO2 films of a thickness of 100 nm were prepared by the ion sputtering 

technique in two steps. The first was by depositing a 50 nm thick layer followed by a second layer 

of the same characteristics. Four types of samples were prepared and studied. They differ by 

varying the thickness of the Au nanosheets in the films. While structural analyses did not show a 

significant effect of Au nanosheets of the SiO2 amorphous nature, a remarkable effect on the 

optical properties was observed. Optically, the thicker Au nanosheets lead to less transparency but 

high reflectivity and high dielectric constant values. The most significant effect is observed for the 

optical conductivity and its related parameters. Namely, with increasing Au layer thickness, the 

free charge carrier concentration increased by more than two orders of magnitude without 

remarkable decreases in drift mobility. In addition, the high-frequency dielectric constant 

increased from 2.55 to 3.2 and reached 11.0 as the Au layer thickness increased from 00 nm to 100 

nm and reached 200 nm, respectively. The enhanced optical conductivity and its related parameter s 

upon insertion of Au nanosheets between layers of SiO2 are promising as they nominate the 

substrates under study for optoelectronic application.   
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 ملخص الرسالة

 

مواد تحتية موصلة شفافة تسُتخدم في صنع الأجهزة الإلكترونية الموصلة .  صنعت، وفي هذه الاطروحة 

 100نانومتر، و 50 مختلفة السمك Auمسندتين بصفائح نانوية من  2SiOوتتكون هذه الطبقة من طبقتين من 

وتخُضع هذه الطبقات لتحليل  .xx)-(SAS 2Au / SiO/2SiO نانومتر لتشكيل ثلاثيات 200نانومتر، و

في طبقة أو في  Au مشاركةوبصري لاستكشاف التعديلات الفيزيائية المحتملة التي يمكن أن تنتج عن  هيكلي

ولكنها  2SiOلم تغير الطابع غير المتبلور لهيكل من الذهب النانوية  فائحومن الملاحظ أن الص 2SiO.بنية 

 SAS-00ويلاحظ على وجه الخصوص أن عينات  عززت خصائصه البصرية والكهربائية إلى حد كبير.

,الاقل صفيحة الذهب   الطبقة الاسمك من تظهر شفافية عالية وانعكاسات منخفضة. AUالتي لا تحتوي على 

غير  للضوء. 2SiOأيضاً انخفاض في استيعاب  ذهبونتج عن طبقات ال في الشفافية والاعلى في الانعكاس.

الفجوة الفاصلة  قللتاستيعاب الناقل الحر في نطاق الضوء دون الأحمر والنانوية  عززت الذهب  صفيحةأن 

التي لا تتألف من أي طبقة من الذهب ، أو صفيحة نانوية من  SASعينات  . 2SiO بين نطاقات الطاقة في 

نانومتر تظهر خصائص شبه الموصلات غير المتحللة وتبين وجود حالات ذيل الطاقة في الفجوة  50سمك 

ويلاحظ أيضاً أن الصفائح النانوية الخاصة  وقد اختفت هذه الذيول مع زيادة سمك طبقة الذهب. .الفاصلة

وجود خاصية مواد كهربية ذات  SAS-200لكهرباء والاستجابة. وأظهرت عينات اة قيمتحسن  بالذهب

high-k gate من الذهبوبالإضافة إلى ذلك، يلاحظ أن الصفائح النانوية  .40 ال مع قيمة كهربية تتجاوز 

ذات ، مما جعلها ي السيليكون دايوكسايدف كثافة الشحنات الحرةن القدرة البصرية على التوصيل وزادت م

 high- k gateتستخدم كأقطاب كهربائية ذات  ه قدهذه الخواص بأن شيروت قدرة عالية على التوصيل.

 .ميم الأجهزة الإلكترونية البصريةتصتدخل في و


