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Abstract

In this thesis we aimed to enhance the optical properties of CdSe thin films by coating it onto a
highly conductive SiO, substrates. Thin films of CdSe are coated by the thermal evaporation
techniques onto conductive SiO, substrates under a vacuum pressure of 10 mbar. Stacked layers
of SiO;, films comprising Au nanosheets (SAS) are used. It is observed that SiO, substrates
containing Au nanosheets in it structure significantly modulate the structural and optical
properties of CdSe. Namely, the lattice constants of hexagonal CdSe decreased upon replacement
of glass by SAS substrates. The micro strain, stacking fault percentage and defect density also
decreased indicating the enhanced crystalisity of the films by SAS substrates. In addition it is
observed that SAS films don’t play a significant role on the energy band gap, but forms energy
tails in the band gap. The exponential tail states narrows as the thickness of Au layer increases.
On the other hand, the dielectric dispersion analyses have shown that the dielectric constant
spectra are determined by three oscillators which blue-shifts upon replacement of glass by SAS
substrates. The dielectric constant values decreased with increasing Au layer thickness in the
substrate owing to the freer charge density resulting from a thicker Au layer. On the other hand,
the optical conductivity spectra which were modeled using Drude-Lorentz approach showed
interesting features. Particularly, the optical conductivity of CdSe increased and the free carrier
density increased after using SAS substrates. These features make the films under study more

adequate for optoelectronic applications.
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Chapter One

Introduction

To bring technical comforts to contemporary society, new-generation electronics must be
developed toward lighter, thinner, multifunctional, and cheaper electronic products. For the
majority of thin-film electronics, transparent conductive films (TCFs) are essential materials
because they combine strong electrical conductance with optical transparency. They are an
essential part of many optoelectronic devices, such as photo detectors, sensors, e-skins, solar
cells, laptops, displays, mobile phones and smart windows [1]. In this study, we will focus on
CdSe thin film because of its good absorbance in the visible light spectrum [2]. It is important
and interesting for its applications, which include optoelectronics device, photoconductors [3],
thin film transistors [4], solar cells [5, 6], photographic photoreceptors [7], gas sensors [8],

acousto-optic devices [9], etc.

Various methods have been used to prepare CdSe thin films, such as metal oxide molecular
beam epitaxy [10], molecular beam epitaxy [11], Laser ablation techniques [12], chemical bath
deposition, vacuum evaporation [13] and hot wall deposition technique [14]. Additionally in
physical vapor deposition, thermal evaporation technique was also used to prepare CdSe thin

films [15].

CdSe exhibits interesting structural properties, as explored by the X-ray diffraction technique.
Particularly, CdSe has two crystal structures: the cubic zinc blende crystal structure and the
hexagonal wurtzite structure [16]. However, hexagonal phase has a reflection plane oriented

along (0 0 2) direction with lattice parameters of a = b = 4.425 A°and ¢ = 6.934 A°[17]. On the



other hand, cubic structure has a reflection plane oriented along (1 1 1) direction [18] with a
lattice parameter of a = 6.077 A° [17]. In addition, based on the preferred crystal structure
Cadmium selenide (CdSe) has a direct optical band gap of ~ 1.79 eV in the wurtzite crystal phase

and ~ 1.71 eV in the zinc blende phase [19].

After learning about some properties of CdSe thin films from other studies, we made the decision
to investigate this film in this thesis. These studies covered optical, structural, and dielectric
topics, which facilitated their rapid growth and widespread application in a range of products and
industries, including solar cells [5, 6], biosensors, opto-electronic devices [3], light-emitting

diodes (LEDs) and field-effect transistors (FETs) [20].

The work here will focus on the role of electro-optical windows on the performance of CdSe as
a future promising member in optoelectronics. The enhancements in the light absorbability and
optical conductivity will be a main target of the work. The study will include growing CdSe thin
films and coating them with electro-optical windows. The properties of these optoelectronic
components will be explored by means of standard techniques available in the physics
laboratories. Some practical applications including the photo response of the device will be
considered. Chapter two of this thesis will discuss some of the theoretical considerations required
to explain the experimental results. We will demonstrate the experimental methods used to create
and examine the prepared films in the third chapter. Fourth chapter presents the achieved results,

explanations, and discussions of the observations.



Chapter Two

Theoretical Background

2.1 The X-ray diffraction

In materials science, X-ray diffraction is a useful nondestructive method for identifying whether
crystallographic order exists in solid state materials or not. This method can be used to determine
whether a solid substance is crystalline or amorphous [21]. As shown in Fig. 2.1, basically, the
XRD device consists of the X-ray source, a sample stage, and the X-ray detector. In this figure,
the angle 6 is located between the plane of the sample and the X-ray source. Additionally, the
angle 26 is placed between the X-ray source and the detector. The incident beam of

monochromatic X-rays is scattered by each atom inside the sample.

Fig. 2.1 The schematic diagram of the X-ray diffractometer.



2.1.1 Bragg's law

Bragg's law is the basis of X-ray diffraction analysis. It indicates that all of the rays scattered
from atoms are at the same locations on parallel planes spaced d apart. After the irradiation is
incident on the sample, constructive interference of the radiation from successive planes occurs
when the path difference is an integer number n of wavelengths A. Under constructive

interference, Bragg's law is defined as [22]

2dsin 6 = ni (2.1)

Where d is the interplanar distance between two plans of atoms, which is measured in angstrom,
0 is the angle between the incident beam and the plane surface, the integer n is the order of the
corresponding reflection, and A is the wavelength of the incident X-ray beam, which is equal to

1.5405 A° for copper Ko anode.

According to Bragg's law, constructive interference happens when the path difference between

the two waves is equal to multiple integers of the wavelengths [23].
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Fig. 2.2 The schematic diagram of Bragg scattering on the lattice surface.



If the interplanar distance is assumed to be known, the quadratic equations reveal the lattice

parameters of the individual lattice planes with indices 4. k. [ for the cubic crystal systems

defined as [24],

_t _ (h2+k24H2) (2.2)

2 2
A a

Where, a and c is the lattice constant along the a and c axis, respectively.

2.1.2: Structural parameters

Different structural parameters were measured by using the XRD pattern study. Some of these
parameters are grain size (D), lattice strain (¢), dislocation density (6), and stacking faults (SF
%). These parameters are determined from the broadening width £ of the most intensive peak by

the following relations [25, 26].

Strain (€): is the ratio of contraction or expansion in bond lengths to the original bonds’ lengths

[26].

S (2.3)

" 4tan6

"Crystallite"” size (D): is the diameter of an individual "Crystallite” in the crystal [26].

0941
- Bcos@

(2.4)

Dislocation density (6): is a measure of the number of dislocations in a unit volume of crystalline

material [26]. Measured in (lines/cm?)

— 15¢ (2.5)
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Where ¢ is the strain, D is the crystallite size, and a is the lattice constant along the a- axis.

Stacking faults (SF %): are two dimensional planar defects that can occur in crystalline materials

[26].
_2m?B
SF% = YPNCTTTY X 100% (2.6)

2.1.3 Crystallography

The crystals are a periodic array of identical construction blocks arranged in three dimensions. A
unit cell is the smallest volume element that characterizes the crystals. The atoms in crystalline
materials are arranged in planes separated by a distance d. The dimensions of the unit cells (Size
and shape) are described by the length of three axes (a, b, and c) with a, 8, and y angles between

them [27].

In three-dimensional arrangements, there are seven groups or families of crystals, which are
further split into fourteen different configurations of crystal lattices. These configurations are
known as Bravais lattices [28]. Axes length, angle between axes, and symmetry characteristics
are used to classify these Bravais lattices [27]. Table 2.1 represents the seven groups of the main

Bravais lattice.



Table 2.1 The seven lattice groups in three dimensions.

System Number of lattices Restrictions on conventional cell axes and angles
Triclinic 1 azb#c, a#B#y#90°

Monoclinic 2 azb#c, a=B=90"#y

Orthorhombic 4 azb#c, a=p=y=90°

Tetragonal 2 a=b#c, a=p=y=90°

Cubic 3 a=b=c, a=B=y=90°

Hexagonal 1 a=b#c, a=p=90°,y=120°

Trigonal 1 a=b=c, a=pB=y

2.2 Optical properties

The wide variety of optical properties of the semiconductor materials makes them promising in
opto-electronic applications. An ordinary classification of optical processes entails reflection,
absorption, and transmission. Imagine a light beam traveling from a vacuum into a medium at a
given propagation thickness. The incident beam can either travel through until it reaches the back
surface or be reflected off the front surface. It is possible for the light on the back surface to be
transmitted or reflected outside the medium. There are four processes for linear optical
propagation. These mechanisms include scattering, refraction, absorption, and luminescence

[29].



Refraction can be referred to as light bending when it passes from one interface to another due to
the reduction of the light velocity when it propagates through the medium. This phenomenon is

described by Snell's law as [29].

n, sinf; = n, sinH, (2.7)

In essence, absorption has to do with how light frequency propagates. Light will be absorbed

when its frequency matches that of the natural frequency of a solid substance.

Transmittance (T), reflectance (R), absorption coefficient (a), energy band gap (Ej;), and

dielectric constant (¢) are all measured as part of the study of optical characteristics.

2.2.1 The absorption coefficient

One of the most common techniques to gain information about the band structure and energy gap
(E4) of semiconductor materials is the analysis of optical absorption spectra. Absorption is
concerned with photon-electron interactions. If the photon is absorbed inside the material, it will
be able to excite an electron and transfer it from the valence band to the conduction band. The
material's light absorption is expressed by the absorption coefficient («), which is the rate at

which incident light intensity is attenuated over the propagated distance.

Since the photon momentum (%) is less than the crystal momentum (g), electron momentum is

maintained conservatively even when the photon is absorbed.

The transmittance of light in the case of two parallel surfaces is obtained by the following

expression [30],



T=(1-R)(—Rye ™ (2.8)

Where R;and R, represent the reflectivity of the front and back film surface and d is the medium

thickness. If R; = R», equation (2.8) become [26],
T = (1—R)%e™ (2.9)

When depositing three materials onto a glass substrate, the term (1 — R3) should be added in the

equation (2.8).
One way to express the multilayer film's transmittance is as follows:

_ (1-Ry)(1—Rp)e %
1-R,Rye—20d

T (2.10)

The absorbance (A) of a grown film can be calculated if the transmittance (T') and reflectance (R)

of the film are known:

A=—1In <(1 T ) 2.11)

- Rglass)(l - Rsample)

If the thickness of the film (d) is monitored, the absorption a (Av) can be connected to the

absorbance (A) of the film using the following relation:
A=ad (2.12)

Thus, the absorption coefficient a (hv) at thickness d is written as [29]:

- ln( T )
(1 - Rglass)(1 - Rsample)

d

o= (2.13)
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2.2.2 Tauc's equation and band gap measuring:

The energy gap is specified by using the spectrophotometric absorption spectrum in order to
understand and get more predictive information about solids characteristics. Therefore, Tauc's
equation, which links the incident photon energy with the spectrophotometric absorption

coefficient, is applied. This equation indicates that the energy band gap is directly proportional to

(aE)l/P as specified in the following equation [31, 32],
(«B)/» = B(E — E,) (2.14)

Where E is the incident photon (light) energy, B is a constant that principally depends on the
transition probability of electrons, Ej represents the energy gap, and p is an index that

determines the type of the optical absorption process.

p can have the values 2, 1/2, 3, and 3/2 corresponding to indirect allowed, direct allowed,

indirect forbidden, and direct forbidden electronic transitions, respectively [33].

Plotting (aE)l/P against the incident photon energy E can be used to determine the material E;
taking the widest range of linear data in the high absorption region upon linear fitting, and the

energy gap for semiconductor materials can be determined from the intercept with the E — axis.

2.2.3 Direct and indirect transition:

The band gap energy is the energy range between the valence band and conduction band where

the electron states are forbidden inside them. The top of the valence band and the bottom of the
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conduction band appear to have the same momentum value in the direct band gap. In contrast,
the indirect band gap is characterized by the maximum of the valence band and the minimum of
the conduction band being dissimilar in momentum value (k-vectors). This difference in k-
vectors exhibits misaligned bands that require phonon assistance for excited electrons to be
absorbed into the conduction band. However, no phonon assist is required, and there is no
change in the crystal momentum (k) for the direct band gap materials [34]. As illustrated in

Fig.2.3.

(a) Direct (b) Indirect

Conduction Band

Band

Conduction

.....................................

/ =
E (>} photon E /" «_~~ photon

Momentum Momentum

Valence Band

Valence Band

Fig. 2.3 The (a) direct and (b) indirect band gap transitions.

2.2.4 Band tails

The absorption coefficient provides formidable physical information. From the a — E spectra, if
a exhibits constant trend of variation with changing the photon energy, this is called the
absorption saturation. In the low energy region, if @ exhibits an increasing trend of variation as

the photon energy decreases, this indicates the existence of free carrier absorption. While when «
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exhibits decreasing trend of variation with decreasing the photon energy, this indicates the

presence of band tails [34].

Along the absorption coefficient curve and near the optical band edge there is an exponential part
dependence on the absorption coefficient spectra and photon energy called the Urbach tail (band

tail) [35, 36]. Urbach rules are described as follow [37],
o = a,ef/Fe (2.15)

Where « is the absorption coefficient, «, is a constant; E is the photon energy; and E, is the
width of the band tail of the localized state associated with the amorphous state. Taking the
logarithm of the two sides of the equation (2.15), we can obtain a straight line equation. It is

given by:
In(a) = In(a,) + EE (2.16)

The E, can be obtained by taking the reciprocal of the linear slope of In(a) —E variations.

2.2.5 Dielectric constant spectra

The complex dielectric function and complex optical conductivity are introduced through

Maxwell’s equations (assuming no charge density in the absence of incident light) [38].

_% (2.17)

<
X
w31}
Il

|

<l
X
T
Il
~
+
|2

(2.18)

QD
-+
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V.E=0 (2.19)
V.D=0 (2.20)

Where E, H, and fare the electric field, magnetic field, and current density, respectively. While

—

D and B are the electric and magnetic fields in the medium. In linear optics, the equations

relating D, B, and J to the H and E fields can be written in the form

D =¢E (2.21)
B = uH (2.22)
J=0E (2.23)

Equations (2.21), (2.22) and (2.23), respectively, are defined the concepts of the complex
dielectric function (g), the complex magnetic permeability (n), and the complex electrical

conductivity (o).

Take the curl of equation (2.17) and eliminate B and V x H from equations (2.22) and (2.18),

respectively. This gives us

=N aj , 8°D
V% (V X E) = —,Ll(a + F) (224)

Equations (2.23) and (2.21) are substituted into equation (2.24) to obtain

= N oE 9%E
vV x (V X E) = —(,u05+ pe (2.25)
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This vector identity can be used to simplify the left side of equation (2.25)

Vx(VxE)=V(V.E)-VE (2.26)
When there is no charge density, V.E equals zero, then the equation (2.26) becomes
V2E = ,uaa— + ue— (2.27)

By taking the curl of equation (2.18) and removing ¥ x J and V x D from equations (2.23) and

(2.21), respectively, yields

V2 == o2 4 e O
V°H == po 5 T HESS (2.28)

Equations (2.27) and (2.28) have sinusoidal solutions in the form of
E = E,eikF-wD (2.29)

H’ — Hoei(E'F_Wt) (2.30)

Where K is the complex propagation constant and w is the light's frequency. The complex
propagation constant has an imaginary element that corresponds to energy dissipation and
represents the attenuation of the wave inside the material, while the real part can be expressed as
a wave vector.

Substituting equation (2.29) into equation (2.27) to get
K? = pew? + ipeo (2.31)

When there are no energy losses, K would be a real number that may be recognized as a wave

vector as

K, = wylig (2.32)
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When there is energy losses in the conducting medium, K would be a complex number defined

as
K = W,/ HEcomplex (2.33)

Given that the complex dielectric function is defined as

Ecomplex = €+ % =& + iy (2.34)
Where &, and ¢;,,, are the real and imaginary parts of the dielectric constant.

ecomplex = = |0 + | = = Goomprex (2.35)
Here, complex conductivity was defined as

Ocomplex = 0 — IWE (2.36)
Both the complex dielectric function and the complex conductivity are connected to laboratory-
measured observables like absorption as well as solid-material characteristics like effective mass
and carrier density. In order to get these relations, let us consider a wave that is propagating in
the direction of z-axis. Equation (2.29) can be solved by substituting K to obtain a plane wave in
the following form

, io
iwz /eu 1+§>

E(zt) = Eoe_the( (2.37)

In the free space,e = ¢,,u = u,,0 = 0. A simple plane wave solution can be obtained from

equation (2.37).

E = E, eilkz-wD) (2.38)

SinceK = K, = w,/&, 1y
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The equation (2.37) can be expressed as follows if the electromagnetic wave is traveling through

a medium with finite electrical conductivity.

E(zt) = E,e e ell"e )

c

(2.39)

Where ¢ = L, since ¢ is the speed of electromagnetic wave in free space and k , #i are the

VHo€o

imaginary and real parts of the complex refractive index, respectively, which is defined as

Neomptex = € /ue (1+:2) = i(w) + ik(w) (2.40)

The ratio of light speed in free space to light speed in the medium is known as the real part of
refractive index (i) [38]. Since the imaginary part (k) indicates the amount of light absorbed at a
specific wavelength, it is also known as the extinction coefficient [38]. Both the real and
imaginary parts are frequency-dependent. The relation between the refractive index and the
optical wavelength is introduced by an equation called the dispersion equation. The dispersive

refractive index can be written as [39],

Ncomplex =a(w) + ik(W)

= (&, + ig;,) /2 (2.41)

Where ¢, and &;,,, is the real and imaginary dielectric constants, respectively. Equation (2.41)
indicates that the dispersive refractive index involves some imaginary terms. This explains the
optical attenuation and dispersion that the propagating electromagnetic waves through the

dielectric solid undergo.

The effective dielectric constant &,¢¢ can be expressed in terms of real &, and imaginary &,

dielectric constants as follows [40],
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geff = & + ieim (242)

The effective dielectric constant e,¢¢ is expressed also in terms of the refractive index n(w)

through the relation [40],

By squaring both sides of equation (2.41), then comparing the real and imaginary parts on both

sides of the equation, we can immediately get &, and ¢;,,, in terms of 7i(w) and k(w).
A2(w) — k?(w) =&, (2.44)
27A(w) k(w) = gy, (2.45)

Now, replacing 7*(w) by &, in equation (2.44) and 7i(w) by eeffl/zin equation (2.45), then

we get the real and imaginary dielectric constants as follows [40],

& = Eopr — k2 (W) (2.46)

Eim = 2 £opy 2R (W) (2.47)

2.2.6 Drude-Lorentz model

The Drude Lorentz model views the metals' valence electrons as free electrons. The free
electrons accelerate in accordance with the classical equations when an external electric field is
applied. According to the classical equation of motion, the drift velocity of the free electrons is

expressed as [38].
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mE 4T = o e-wt (2.48)
The electrons' acceleration is represented by the first term, the medium’s frictional damping or
dissipative force is described by the second term, and the driving force is described by the
electric field that is time-dependent and sinusoidal. The electrons will move in the following
sinusoidal fashion since the applied electric field is sinusoidal,

v = v, et (2.49)
Equation (2.49) is substituted into equation (2.48) to obtain

(—imw + %)UO = ek, (2.50)
So that we can write

Vy = o (2.51)
(0]

m .
—imw
T

We also know that the drift velocity and carrier density are related to the current density so,

-

] = nev, = ok, (2.52)

Substituting equation (2.51) into equation (2.52) to get

2

5= _ne’ (2.53)

m(1-iwr)

Assume that the free carrier mechanism is the only conduction mechanism we are currently
treating. In order to get the entire complex dielectric function, we will therefore take into account

all additional contributions to o in terms of ece (COre dielectric constant).
io
Ecomplex = Ecore T W (2.54)

Substituting equation (2.53) into equation (2.54) to get
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i ne?t  (1+iwr) _

= — . = € 2.55
gcomplex Ecore w m(1—iwt) " (1+iwt) Er + LEim ( )

Then we can write the real and imaginary parts of the dielectric constant as

ne?t?

& = Ecore T wren (2.56)
__ mneft (2.57)
Eim = wm(1+w?212) '

Where, w = 2xtf is the angular frequency of the incident light, T is the average scattering time

and represent the inverse of the damping coefficient and n is the free electron density.
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Chapter Three

Experimental Details

3.1 Glass cleaning

The glass slides with dimensions of 25.4 x 76.2 mm and thicknesses of 1.2 mm were cleaned
before use in the preparation process of the films. Firstly, some of the glasses are divided equally
into small pieces of 30 mm by a glass cuter. The glasses were then manually cleaned with a
softening sponge, dish-washing liquid, distilled water and alcohol. Then, the cleaned glasses
were inserting in a beaker filled with Ethyl-alcohol (97%) and covered with aluminum foil. To
crack proteins that are expected to be stuck onto the glass. Then, they were washed with alcohol
and dried. Finally, we get sure that the glasses do not have any scratches and/or cracks on their
surface. After this cleaning process, they became suitable and ready to use them as cleaned

substrates to execute the evaporation process of the films.

3.2: Thin films preparation

In this part, the ion coater sputtering technique was applied to form each of the SAS-00, SAS-
100, and SAS-200 films. The term SAS in this thesis corresponds to a SiO; layer coated with an
Au layer and recoated with another SiO, layer. The number 00, 100, and 200 account for the
thickness of the Au layers in nanometers. First, we coated SiO, onto the cleaned glass for 300 s
to get a 50 nm-thick SiO; film, then coated Au on the SiO, substrate for 60 and 120 s to get SA-
100 and SA-200 nm, respectively. After this, we repeat the first step and coat SiO, for 300 s,

giving us SAS-00, SAS-100, and SAS-200 films.
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Fig. 3.1 (a) The ion coater sputtering machine (b) schematic diagram of the ion coater
sputtering machine.

The thermal vapor deposition technique was applied to grow CdSe thin films onto SAS
substrates under a vacuum pressure about 10" mbar. Films deposited onto SAS substrates are
abbreviated as SAS-00/CdSe, SAS-100/CdSe and SAS-200/CdSe. Fig. 3.2 shows the VCM 600
thermal vacuum evaporator system. First, the cleaned glass substrates, in addition to SAS-00,
SAS-100, and SAS-200 substrates, were mounted close to each other on a metal plate (substrate
holder). Teflon tape is used to cover about 10 mm on the edges of SAS-00, SAS-100, and SAS-
200 substrates before evaporating Cadmium selenide (CdSe). Then, 0.4 gm of CdSe were
weighed and then put in a boat shaped tungsten heater. After that we closed the bell jar and
turned on the evaporation system. When the vacuum pressure reached ~10" mbar, we started the
evaporation mechanism and opened the shutter after monitoring the current value and reaching
50 A. A layer of 1 um thick CdSe film was deposited onto the glass and SAS substrates. When
the targeted thickness was achieved the shutter was closed. The thickness was monitored via an
INFICON STM2 thickness—monitor attached to the system. The produced films and the

remaining solid bulk that melted in the boat were maintained inside the jar until the champer

High voltage (DC, RF) (b)

. ... Atom — —)

Vacuum
Pump
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cooled down. Then we annealed all films for 10 minutes at 250 C° in an air atmosphere to
enhance their crystallinity, which initially appeared unstable and weak. The optical images and

the geometrical design of the prepared films are shown in Figs. 3.3 and 3.4, respectively.

Fig. 3.2 The 600 VCM evaporation system.

Fig. 3.3The optical images of the real films of (a) CdSe, (b) SAS-00/CdSe, (c) SAS-
100/CdSe and (d) SAS-200/CdSe films.
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Fig. 3. 4The geometrical design of the real films of (a) CdSe, (b) SAS-00/CdSe, (c)
SAS-100/CdSe and (d) SAS-200/CdsSe films.

3.3 Thin films analysis

The prepared films were subjected to different measuring techniques in order to investigate their
conductivity type, structural, optical and morphological properties. The hot probe technique, X-
ray diffraction (XRD) technique, optical spectrophotometry, and scanning electron microscopy
techniques were used to study these properties of the samples. These techniques are described in

the following section.
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3.3.1: The Hot Probe technique

The hot probe technique illustrated in Fig. 3.5 was used to confirm the type of conductivity (n-
type or p-type) of the studied samples. This method, which consists of a heated probe and a
standard digital multimeter, shows the type of semiconductor. By specifying the majority of
charged carriers. The experiment is done by heating the soldering for a short period of time. A
couple of cold probes and a hot probe were attached to a semiconductor surface under
investigation. The hot probe is connected to the positive terminal of the multimeter and heater.
As well, the cold probe was connected to the negative terminal. While the cold electrode was
kept constantly connected to the surface of the sample, the hot probe was moving on its surface.
When the readout voltage value in the multimeter is positive, the sample represents an n-type
semiconductor. Whereas, the negative voltage value indicates that the sample under study
represents a p-type semiconductor. Both CdSe and SAS-00/CdSe exhibit p-type conduction,
while SAS-100/CdSe and SAS-200/CdSe exhibit n-type conduction. The conductivity type

changed when evaporating CdSe on SAS-100 and SAS-200 to become n-type in both.

Fig. 3.5 The set-up of hot-probe technique.
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3.3.2: The X-ray Diffraction (XRD) measurements

The produced CdSe, SAS-00/CdSe, SAS-100/CdSe, and SAS-200/CdSe films are structurally
characterized by the Rigaku MiniFlex-600 X-ray diffraction unit. Fig. 3.6 displays the X-ray
diffractometer with Ko radiation from a copper anode emitting XRD with an average
wavelength of 1.5405 A at 40 KV and 15 mA. The diffraction angle 20 was scanned between 10°
- 70°, with steps of 0.05° and a scan speed of 1 deg/min. The data was collected using the
MiniFlex support program that is connected to the X-ray diffractometer. The diffraction patterns
were analyzed in accordance with Bragg’s diffraction law (nd = 2d sinf) , where A is the
wavelength of the X-ray, which is 1.5405 A, d is the distance between the oriented planes, and
20 represents the positions of the diffraction peaks. The structural analysis and computer

simulations are carried out by means of the “Crystdiff” and “Crystalmaker” software packages.

Fig. 3.6 X-ray Rigaku diffractometer.
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3.3.3 The optical measurements

The optical transmittance and reflectance spectra of the samples were measured with the help of
a Thermo Scientific Evolution 300 UV-Visible light spectrophotometer. The optical data of
transmittance (T %) and reflectance (R %) spectra were measured in the range of wavelengths
(300-1100 nm). The measurements were obtained at a normal incidence angle of 15° and a
scanning speed of 1200 nm/min. The data was collected and analyzed using the Vision Pro
software program, which was attached to the system as shown in Fig. 3.7. The data was applied
and processed to investigate some optical parameters like the absorption coefficient (o),
interband transition energies (E.), band tail energies, energy band gaps (Eg), and the dielectric

constant (g).

Fig. 3.7 The UV-VIS spectrophotometer.
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3.3.4 The morphological measurements:

Scanning Electron Microscopy (SEM) shown in Fig. 3.8 produces detailed, magnified images of
an object by scanning its surface to create a high-resolution image. So, scanning electron
microscopy (SEM) was used to investigate the surface morphology of CdSe, SAS-00/CdSe,
SAS-100/CdSe, and SAS-200/CdSe. First, the prepared samples are coated by Pt/Au using the
ion coater sputtering technique. The samples were then installed inside the microscope, and they

become ready for investigation.

Fig. 3.8 The Scanning Electron Microscopy.
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Chapter Four

Results and Discussion

4.1 Structural analysis

The X-ray diffraction (XRD) patterns for standard card, CdSe, SAS-00/CdSe, SAS-100/CdSe

and SAS-200/CdSe films are presented in Fig.4.1

. Inset.1
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Fig. 4.1 The X-ray diffraction patterns for standard card, CdSe, SAS-00/CdSe, SAS-
100/CdSe and SAS-200/CdSe films. Inset.1 shows the shift in the XRD main peak.

For CdSe film, the figure shows three peaks, with the most intensive peak observed at a

diffraction angle of 20 = 25.55°. The other diffraction pattern is located at 26 value of 24.55 °



29

and 23.10 °. Analyses of the X-ray diffraction patterns in accordance with crystal diffract
software packages indicated that CdSe film has a mixed structure of hexagonal and cubic. The
first and second peaks were assigned to the hexagonal structure with a space group of P3mm,
shown in orange color as simulated in Figure 4.1. While the main reflection peak was assigned to
the cubic structure with a space group of F-43m, which is shown in light blue color as also

simulated in Figure 4.1. Since the weight percentage of hexagonal in cubic (w %) equals 35.5%.

The estimated lattice parameter in accordance with the observed reflection peaks is found to be a
= 6.036 A. This parameter was calculated using equation (2.2).The lattice parameters of the
cubic unit cell of CdSe are comparable to those reported in the crystallography open data base as
6.0201 A along the a-axis of the crystalline unit cell. The analysis of the main peak indicated that
the crystal planes are oriented along the C (111) direction. Other peaks which are located at

diffraction angles of 24.55° and 23.10° are indexing H (100) and H (002), respectively.

The XRD patterns for SAS-00/CdSe and SAS-100/CdSe films are also shown in Fig. 4.1.
Obviously, both SAS-00/CdSe and SAS-100/CdSe have the same behavior. However, we notice
a decrease in the intensity of the X-ray with a very small difference in a diffraction angle.
Namely it is shifted to 25.6° 24.65° and 23.15° Such shift led to a decrease in the lattice

parameter to a = 6.025 A.

As Fig. 4.1 also illustrates, a number of peaks are also observed for the XRD patterns of the
SAS-200/CdSe Compared to the CdSe XRD pattern, the positions of the three peaks are shifted
from 23.10°, 24.55° and 25.55 °to 23.20°, 24.75° and 25.70 °, respectively. The analysis of the

reflection peaks for the mixed SAS-200/CdSe film indicated a decrease in the lattice constants
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along the a-axis as a result of evaporating the CdSe layer onto SAS-200 substrate. The XRD
analysis revealed a value of 6.002 A for the lattice constant. In addition, a new peak was
observed in the SAS-200/CdSe at 20 of 38.60°. This peak was assigned to the face center cubic

Au (JCPDS Card No. 04-0784) [41, 42]. Which is indexed in the (111) direction.

In order to understand the variations associated with evaporating CdSe onto glass substrate and
SAS-XX/CdSe, crystallite size (D), strain (g), defect density (3), and stacking faults (SF %) were
calculated from the maximum peak broadening and diffraction position for CdSe, SAS-00/CdSe,
SAS-100/CdSe and SAS-200/CdSe films are presented in Table 4.1. The structural parameters
were calculated with the help of equations (2.3) — (2.6) reported in Chapter 2. As illustrated in
Table 4.1, evaporating CdSe on the SAS-XX substrate causes a reduction in the values of strain,
stacking faults, and defect density along both of the a and ¢ — axis. Particularly, the substitution
of some Si in vacant sites of CdSe reduces the strain, stacking faults, and defect density as we
observed in Table 4.1. This substitution is owed to the fact that the ionic radius of Se (1.98 A°)
[43] is larger than that of Cd*? (0.96A°) [44], which is larger than the ionic radius of Si**(0.56
A°) [45], and the bond length between Cd-Se 2.62 A° [46] is larger than Si-Se 2.28 A° [47]. It
means that Si can fill vacant sites of Cd forming stronger bonds of Si-Se rather than Cd-Se. As
the thickness of the Au layer increases, there is a noticeable reduction in strain and a decrease in

defect density.
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Table 4.1 The structural parameters of the main peak of CdSe, SAS-00/CdSe, SAS-100/CdSe

and SAS-200/CdSe.

Miller § (x10*
indices line/cm?)
Sample 20(°) 1(x10° c/s) k A D(mm) ex10° SF% a-axis
CdSe 256  5.695 6.036 24 6.71 0323  6.824

SAS-100/CdSe  25.6 2.304
SAS-200/CdSe  25.7 1.171

6.025 24 6.68 0.322 6.797

h
1
SAS-00/CdSe  25.6 2.768 1
1
1 6.002 25 6.63 0.32 6.742

I
1
1 6.025 24 6.68 0.322 6.797
1
1

e

Particularly, as seen in Table 4.2, as the ionic radius of Se”® (1.98 A°) [43] is larger than that of
Cd*? (0.96A°) [44], the ionic radius of O (1.36 A°) [17] is less than that of Se?, and the bond
lengths (listed in Table 4.3) of Cd-Cd, Cd-Se, Cd-O, Si-Si, Si-Se, Si-O, and Se-Se are 6.54 A°
[48], 2.62 A° [46], 2.35 A° [45], 2.35 A° [49], 2.28 A° [47], 1.62 A° [49] and 2.29 A° [50],
respectively. The bonding between the Cd and O atoms is much stronger than that between Cd
and Se. These properties make the Cd atoms have the tendency to move toward oxygen atoms,
forcing them to form CdO bonds. This causes clusters and grains inside the material, which lead
to a decrease in defects. It is clear from the presented structural data that insertion of Au
nanosheet between stacked layers of SiO; slightly induced crystallinity of CdSe. Actually as seen
from Table 4.4, the electronic configuration of Au reaches 5d*°6s" [32] which is at higher atomic
orbitals than Si (35°3p?)[51]. The orbital overlapping between Si and Au atomic orbitals enhance
the electrical conductivity significantly and allows the existence of many free electrons on the
surface. As a results as, substrates behave like metals leading to an induced crystallizites process

in CdSe.
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Table 4.2 The ionic radius of Cd, Se, Si, O and Au atoms.

Sample ionic radius(A°)

Cd*™ 0.96
Se? 1.98
Si* 0.56
0% 1.36
Au*t 1.37

Table 4.3 The bond length and the bond energy of the bonding atoms.

Bond Bond length (A°)  Bond energy (KJ/mole)

Cd-Cd 6.54 127.10
Cd-Se 2.62 127.60
Cd-O 2.35 236.38
Si-Si 2.35 226.00
Si-Se 2.28 427.86
Si-O 1.62 460.00
Se-Se 2.29 172.00

Table 4.4 The electronic configuration of Cd, Se, Si, O and Au atoms.

Sample electronic configuration

Cd [Kr] 4d105s2
Se [Ar] 3d'°4s%4p*
Si [Ne] 3s? 3p?
o) [He] 2s°2p*

Au [Xe]4f45d"°6s!
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4.2 Morphological analysis

Scanning electron microscopy (SEM) is a helpful instrument for studying thin-film
microstructures. Also, the range of the grain sizes and the surface shape were examined using
SEM. The surface morphology of CdSe, SAS-00\CdSe, SAS-100\CdSe, and SAS-200\CdSe was
illustrated in Fig.4.2 and Fig.4.3. The SEM image of the SAS-00/CdSe sample being enlarged by
54 and recorded at 25 KV is shown in Fig. 4.2 (a). The general form of SAS-00/CdSe film is
indicated in Fig. 4.2 (a). Additionally, Fig. 4.2 (a) makes clear the presence of a few clusters that
vary in size and shape. These clusters have been enlarged in Fig. 4.2 (b, c, and d). Fig. 4.2 (b)
represents the surface morphology of SAS-00/CdSe film on enlarge for 1K times and recorded at
25 KV. It is clear from Fig. 4.2 (b) that there is a process of nanowire formation. Fig. 4.2 (c)
displays an elliptical cluster of grains with varying sizes and shapes, such as spherical, flower-
like, and other random shapes. Fig. 4.2 (d) exhibits the SEM image of SAS-00/CdSe film on

enlarge for 2.3K time. Which represents a region composed of 3.4 nm? of flower-like grains.
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Fig. 4.2 SEM image for sample (a) SAS-00/CdSe for 54 enlargements, (b, ¢) SAS-00/CdSe
for 1K enlargement in different sites, and (d) SAS-00/CdSe for 2.3K enlargement

Moreover, Fig. 4.3 demonstrates the surface morphology of CdSe, SAS-00\CdSe, SAS-

100\CdSe, and SAS-200\CdSe films. Which is enlarged by 10K and recorded at 25 KV. Fig. 4.3

(a) represents the surface morphology of CdSe film. Pure CdSe films show the distribution of

very tiny and barely visible grains. Also, within the grains, circular clusters containing one or

two large grains (with a diameter of 0.25 um) or a few small grains (with a diameter of 0.125

um) can be visible. The SEM image of the SAS-00/CdSe film is indicated in Fig. 4.3 (b).

Obviously, it’s different from CdSe films, and the grains become invisible. Also, a region of

clusters was formed in an irregular shape, and it’s almost impeded inside an amorphous sea. The
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surface morphology of the SAS-100/CdSe film is shown in Fig. 4.3(c). It is evident that the

addition of an Au layer with a thickness of 100 nm makes the changes more visible and causes

CdSe to evolve into a nanowire form. The wires are randomly distributed with irregular lengths,

with an average length of about 2.5 um, but mostly have the same diameter about 0.13 um. Fig.

4.3(d) illustrated the surface morphology of SAS-200/CdSe film. Increasing the gold content

inside the substrate resulted in the formation of spherical grains filling a large region exceeding

196.7 pm?. Below each circle, the impeded wire is still visible, but this has turned the wire length

shorter, about 1um and thicker with an average thickness of 0.2 um.

WD=11.3 10K 1jm 25KV WD=10.9

SAS-00/CdSe FE8 ¥ - SN (1) W sAs-100/Cdse

25KV WD=11.4 10K 1jm 25KV WD=9.9

1pm

Fig. 4.3 SEM image for sample (a) CdSe, (b) SAS-00/CdSe, (c) SAS-100/CdSe, and (d)

SAS-200/CdSe for 10K enlargement and recorded at 25 KV.
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4.3 Optical analysis

The study of the optical properties of CdSe and SAS-XX/CdSe films at different thicknesses of
Au 00, 100, and 200 nm is based on the thickness because the thickness of the films plays a role
in the optical properties. Ultraviolet-visible light-IR spectrophotometry was used to measure the
transmittance (T) and reflectance (R) spectra in the spectral wavelength (A) range of 300-1100
nm at a scanning speed of 1200 nm/min. As shown in Fig. 4.4, the transmittance spectra of the
CdSe film increase with decreasing incident photon energy. The increase in the transmittance
spectra reaches maximum transmittance of ~60%, and it seems to be saturated at ~60% in the
low energy region. It is also shown that the SAS-00/CdSe film has the same behavior as the
CdSe film. On the other hand, for SAS-100/CdSe, the transmittance spectra also increase with
decreasing energy and reaches about 47% in the low energy level, but they are not saturated and
slowly varying. T% for SAS-200/CdSe is also decreasing and not saturated, and the
transmittance is decreasing to low transparency (~14%). We noticed that with increasing
thickness, the transmittance decreased. This is considered systematic behavior due to the fact that
thicker films include more atoms, which means there are more states available for photon
absorption [52]. Fig. 4.4 also shows a red shift to the high wavelength area in all transmittance

spectra due to interaction between degenerate (metal-like) SAS substrates and CdSe thin films.
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Fig. 4.4 The transmittance of CdSe, SAS-00/CdSe, SAS-100/CdSe, and SAS-200/CdSe
films.

On the other hand, the reflectance spectra are presented in Fig. 4.5. Which shows that the
evaporation of CdSe onto thin-layer substrates (SAS-00 and SAS-100) is less effective on the
values of reflectance. But it shows different behavior as the thickness of Au increases to 200 nm.
Clearly, the reflectance is highly increased to ~40%, and we also noticed that there are two peaks
of maximum reflectance at 1.62 eV and 1.36 eV. There are several options that may have these
variations which are related to the band gaps of CdO, CdSe, and SiO,. As we mentioned
previously in Tables 4.1 and 4.2, the ionic radius of Se”® is less than that of Cd*?, the ionic radius
of O s less than that of Se, and the bond lengths of Cd-Se and Cd-O are 2.62 A° and 2.35 A°,
respectively. This means that O prefers to form CdO bonds, so the first choice is CdO, which has
an indirect band gap of 1.36 eV [53]. CdSe may have a band gap of 1.62 eV instead of 1.74 eV

due to a decrease in the value of the lattice parameter along the c-axis [54].
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Fig. 4.5 The reflectance of CdSe, SAS-00/CdSe, SAS-100/CdSe, and SAS-200/CdSe
films.

In order to get a better understanding of the optical properties of CdSe, SAS-00/CdSe, SAS-
100/CdSe, and SAS-200/CdSe films, the absorption coefficients (o) spectra, were calculated
from the measured transmittance (T) and reflectance (R) spectra, determined by the equations
(2.13). The data are represented in Fig. 4.6. As the figure displays, the absorption coefficient
spectra of all films exhibit three regions of absorption. These regions are the high absorption
region in the high energy range between 4.2 — 3.6 eV. In this region, the absorption coefficient
increases rapidly with increasing energy, so based on this region, we will calculate the energy
band gap later. The moderate absorption region is between 3.6 — 2.0 ¢V and the third region is
the weak absorption region in the incident photon energy range below 2.00 eV. Inset.1 shows the

behavior of the absorption coefficient (o) spectra in the low-energy region. It seems that the
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absorption coefficients (o)) decrease with decreasing incident photon energy. A pronounced
decrease in absorption coefficients (o) spectra with decreasing energy is observed for SAS-
100/CdSe and SAS-200/CdSe. The slope of the a—E variation for these two samples is sharper at
1.15-2.00 eV than in CdSe and SAS-00/CdSe films. As seen from the figure, the spectra for the
CdSe evaporated onto the SAS-200 substrates show a sharp decrease in the absorption
coefficient values with decreasing photon energy starting at 1.48 eV. This behavior is attributed
to the presence of some extended band tails in the energy band gap of the SAS-100/CdSe and

SAS-200/CdSe films.

In that context, the presence of a large number of defects [55], vacancies, impurities, and broken
bonds [56] may result in these tails. The band tails are calculated in the low absorption region
with the help of Urbach rules [54] for the exponential band tail distribution, which is presented
by equation (2.16). The band tail width is estimated using this formula. Taking the reciprocal of
the slope value of the linear variations of In (a) versus E, as demonstrated in Fig 4.7, reveals a
band width of 0.63 eV and 0.15 eV for SAS-100/CdSe and SAS-200/CdSe, respectively. In
addition to the above mentioned reasons the formation of these band tails can also be assigned to
the orbital overlapping. Since the electronic configuration of Cd, Se, Si, O and Au atoms are [Kr]
4d1o5s2 [55], [Ar] 3d°4s*4p? [57], [Ne] 3s? 3p? [53], [He] 2s%2p* [55] and [Xe] 4f145d™°6s! [58],
respectively, as shown in (Table 4.4). Then Cd atomic orbitals overlapping with these of Si in the

substrate may lead to this phenomena.
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Fig. 4.6 The absorption coefficient spectra of CdSe, SAS-00/CdSe, SAS-100/CdSe, and SAS-

200/CdSe films.
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Fig. 4.7 The In (a)-E variation in the low absorption region for band tail investigation of CdSe,

SAS-00/CdSe, SAS-100/CdSe, and SAS-200/CdSe films.
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The absorption coefficient spectra give information about the energy band gaps (E4) of CdSe and
SAS-00, 100 and 200/CdSe. The effect of evaporating of CdSe on SAS-00, 100, and 200 on the
optical energy band gap of CdSe film is determined with the help of Tauc’s equation (2.14). The
direct forbidden energy band gap for CdSe, SAS-00/CdSe, SAS-100/CdSe, and SAS-200/CdSe
films interfaces was determined from the plotting of the «E #* — E variations in strong absorption
energy range which is presented in Fig. 4.8. In the strong absorption region, the straight solid
lines which crosses the energy (E) - axis revealed energy band gap value of 1.685 eV, 1.765 eV,
1.680 eV, and 1.715 eV for CdSe, SAS-00/CdSe, SAS-100/CdSe and SAS-200/CdSe
respectively. Evaporation CdSe on SAS-00 substrates increased the energy band gap from 1.685
to 1.765 eV and when increasing the thickness of Au to 100 and 200 nm, we noticed that there is
no significant effect onto the optical band gap of CdSe in this region. Assuming a percentage
error of 5% in the calculation then it is possible to think that the substrates play no role on Egq

value.
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Fig. 4.8 The (aE) ?* -E in the strong absorption region for CdSe, SAS-00/CdSe, SAS-
100/CdSe and SAS-200/CdSe
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But if we returning back to the weak absorption region and assuming that a new band gap was
formed then, Fig. 4.9 reveals a band gap value of 1.13 eV in SAS-200/CdSe film. This energy

band gap is regarded as being for Si. [59]
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Fig. 4.9 The (aE) 2 -E in the weak absorption region for SAS-200/CdSe.

The absorption coefficient ratio (absorbability) was calculated with the equation R;% =

(aSAS—XX/CdSe /

aCdSe) and presented in Fig. 4.10. The figure shows an interesting result. As

illustrated in Fig. 4.10, the light absorbability of SAS-00/CdSe increased in all ranges, but it
reached ~38% in the infrared range. As also illustrated in Fig. 4.10, the light absorbability of

SAS-100/CdSe was enhanced in the infrared range and reached ~ 41% at 1.66 eV, then back to
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decrease in each of the infrared, visible, and UV ranges. It’s noticeable that for SAS-200/CdSe,
the light absorbability is enhanced in all ranges; in the visible range, it becomes ~20%. It also
becomes ~86% and reaches ~100% in the infrared range. These enhancements are based on
various reasons, including reduced defect concentration, increased free charge carrier

concentration,  orbital  overlapping, and  surface  plasmon  resonance  [60].
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Fig. 4.10 The light absorbability for SAS-00/CdSe, SAS-100/CdSe and SAS-200/CdSe.

4.4 Dielectric analysis

To investigate possible applications of the SAS-XX/CdSe, the respective real (&) and imaginary

(eim) parts of the relative dielectric spectra for the studied samples are estimated. & and &im
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which are calculated using the previously described methods (equations (2.46) and (2.47)) are

illustrated in Fig. 4.11 and 4.12 respectively.
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Fig. 4.11 The real part of the dielectric spectra for (a) SAS-00/CdSe, SAS-
100/CdSe and CdSe films (b) SAS-200/CdSe.

As it is readable from Fig .4.11 (a), the real part of the dielectric spectra of CdSe displays three
peaks, the first one is centered at a critical energy at 3.43 eV, the second “broaden peak” is
observed at 3.21 eV, and the last peak appearance at 1.62 eV. The third peak (1.62 eV) also
appeared on both SAS-00/CdSe and SAS-100/CdSe, with a blue shift in this peak to 1.66 eV and
1.72 eV, respectively, accompanied by a decrease in the value of the real part of the dielectric
constant. As also seen from Fig. 4.11 (b) that the dielectric spectra of SAS-200/CdSe exhibit two
peaks centered at 1.36 eV and 1.62 eV. These peaks probably belong to CdO and CdSe,

respectively [53, 54].
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However, when compared to the imaginary part of the spectra, the imaginary part of the
dielectric spectra, which are shown in Fig. 4.12, exhibits a different trend of variation. Namely,
as the incident photon energy range decreases, &y, also decreases in the range of 4.5-2.0 eV for
all films. In the low energy region, decreasing incident photon energy is still decreasing the value
of &im for each of the CdSe, SAS-00/CdSe, and SAS-100/CdSe films, but it shows different
behavior for the SAS-200/CdSe film. It is clear from Fig. 4.12 that decreasing the incident
photon energy values from 2.0-1.50 eV increases the value of &,, but when decreasing the

energy to ~ 1.0 eV, the value of &, decreases with decreasing energy.
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Fig. 4.12 The imaginary part of the dielectric spectra for CdSe, SAS-
00/CdSe, SAS-100/CdSe and SAS-200/CdSe films.

The imaginary part of dielectric constants is important since it is directly related to optical

conductivity (6 (®) :SLL: * w is radial frequency and equal %) [61].
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Fig. 4.13 The optical conductivity for CdSe, SAS-00/CdSe, SAS-
100/CdSe and SAS-200/CdSe films.

The figure shows that an increase in photon energy corresponds to a higher i, and a larger
optical conductivity. It is evident from Fig. 4.13 that all films have low optical conductivity
because of the strong bonds that bind their electrons together [62]. This property makes these

films work well in a variety of optical and optoelectronic applications [63].

To get more information, the imaginary part that is given by the equation (2.47) was modeled

according to the  Drude-Lorentz  model through the  modeling relation

W2 i W . . . .
Eim = 2F . —E= — |. Where, k is the number of dominant linear oscillator, w,,, =
Ti((wei—wz)+wzri_ )

J4mne? /m* is the electron bounded plasmon frequency, w = 2xf is the angular frequency of



the incident light, 7 is the average scattering time and represent the inverse of the damping

coefficient and w, is the reduced resonant frequency. n is the free electron density and m* is the

free carrier effective mass. In this model, assuming the hole effective mass in the SiO; is to be

0.58 m, [64], the hole effective mass of CdSe is 0.45 m, [65] and the effective mass of Au

equals 1.10 m, [66], then the reduced mass for the SAS-00/CdSe and SAS-100,200/CdSe films

is 0.17 my and 0.15 m,, respectively. The fitting of the imaginary part equation assuming the

presence of six oscillators (k = 6) is shown by the brown line in Fig. 4.14. A good correlation

between the theoretical and experimental spectral data is obtained via the fitting parameters,

which are calculated and tabulated in Table 4.5.
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Fig. 4.14 The imaginary part of the dielectric constant spectra fitted according to the Drude-
Lorentz model for (a) CdSe, (b) SAS-00/CdSe, (c) SAS-100/CdSe and (d) SAS-200/CdSe.



Table 4.5 The optical conduction parameters for (a) CdSe, (b) SAS-00/CdSe, (c) SAS-100/CdSe

and SAS-200/CdSe films.

(a) CdSe
Ki 1 2 3 4 5 6
(fs) 1.55 1.3 1.25 1.1 0.45 0.98
p (x10% cm™®) 0.7 0.7 1 0.5 20 100
Ee (eV) 1.25 1.58 2.11 2.56 3.08 4.33
wp (GHz2) 0.23 0.23 0.28 0.20 1.25 2.80
i (cm?/Vs) 6.06 5.08 4.88 4.30 1.76 1.11
(b) SAS-00/CdSe
Ki 1 2 3 4 5 6
(fs) 1.55 1.3 1.25 1.1 0.45 0.98
p (x10* cm™®) 0.2 0.25 0.5 0.7 6 35
Ee (eV) 1.25 1.58 2.11 2.56 3.08 4.33
wp (GHz) 0.20 0.23 0.32 0.38 1.12 2.70
i (cm?/Vs) 16.03 13.45 12.93 11.38 4.65 1.11
(c) SAS-100/CdSe
Ki 1 2 3 4 5 6
t(fs) 1.55 1.5 1.25 1.1 0.5 0.68
n (x10*" cm®) 0.2 0.25 0.654 0.6 5 27
Ee (eV) 1.25 1.58 2.11 2.56 3.08 4.33
wp (GH2) 0.22 0.24 0.39 0.38 1.08 2.52
1 (cm?/Vs) 18.17 17.58 14.65 12.89 5.86 0.77
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(d) SAS-200/CdSe

Ki 1 2 3 4 5 6

(fs) 0.4 1.5 0.9 0.2 0.5 0.7
n (x10' cm™) 0.2 1.5 0.8 0.6 5 26.5
Ee (eV) 1.25 1.58 2.11 2.56 3.08 4.27
wp (GHz) 0.22 0.59 0.43 0.38 1.08 2.50
i (cm?/Vs) 4.69 17.58 10.55 2.34 5.86 3.08

As it is readable from Table 4.5, optical oscillators are determined in three regions: infrared,
visible, and ultraviolet. Each range has two oscillator k = 1, 2 for the infrared region, k = 3, 4 for
the visible region, and k = 5, 6 for the ultraviolet region. It is evident from the table that the
oscillator energies of 1.25 eV, 1.58 eV, 2.11 eV, 2.56 eV, 3.08 eV and 4.33 eV are the same for
all the samples for all oscillators (ki=1- 6), respectively. In other words, SAS-XX substrates did
not change the oscillator energy. This result is expected because the energy band gap was not
significantly altered by SAS-XX substrates. One may think that the interaction between the SAS-

XX substrates and CdSe doesn’t change the electronic band structure of CdSe.

However, as seen from Table 4.5, the scattering time constant started to change as the thickness
of the Au layer increased. Namely, for the ultra-violet oscillator, the scattering time constant
decreases from 0.98 fs to 0.68 fs and 0.70 fs as the thickness of the Au layer increases from 0 nm
to 100 nm and 200 nm, respectively. In addition, as the Au layer increases from 100 nm to 200

nm, the scattering time constant of the visible light oscillators significantly decreases.

Focusing on the drift mobility of charge carriers in the films, it is clear that the drift mobility of

the carrier excited by the first oscillator (E.; = 1.25 eV) increased from 6.06 cm?/Vs to 16.03
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cm?/Vs as a result of using the SAS-00 substrate instead of glass. Insertion of an Au layer with a
thickness of 100 nm increased the mobility further. However, increasing the Au layer thickness
to 200 nm reduced the drift mobility to 4.69 cm?Vs. This is not the same case for the second
oscillator (E,, = 1. 58 eV). Namely, the drift mobility increased from 5.08 cm?Vs to 13.45
cm?/Vs and reached 17.58 cm?/Vs as the films were coated onto glass, SAS-00 and SAS-100,

200, respectively.

It is noticed from the table that the plasmon frequency tends to remain constant for all samples,
regardless of the oscillator energy. An exception to this rule is observed for E., = 1. 58 eV and
E.; = 2.11 eV. For these two oscillators, the plasmon frequency slightly increased with

increasing Au layer thickness.
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Chapter Five

Conclusion

Here we have employed a systematic procedure to improve the opto-electronic properties of
CdSe. The procedure is based on using transparent conductive substrates to growth films. The
substrates are produced by stacking two layers of SiO, and inserting Au nano sheets of thickness
of 100 nm and 200 nm between them. The study here show that thicker the Au nano sheet is the
more conductive the substrate, the better the crystallinity and the less the defect concentration. In
addition, using SAS substrates instead of glass didn’t affect the energy band gap of CdSe but
formed wide band tail that narrowed upon increasing Au-layer thickness. SAS substrates
enhanced the optical conductivity of CdSe. The dielectric constant value decreased in low-
conductive substrates (SAS-00 and SAS-100) and increased in high-conductive substrates (SAS-
200). The optical conductivity parameters also showed enhanced free carrier concentration and
larger plasmon frequency values. These features indicate that the properties of CdSe have

improved and become more attractive for opto-electronics.
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