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summary

In this study, poly(methyl methacrylate) doped with Poly(3-
hexylthiophene) with ratios ( 0.02 , 0.04 and 0.06 ) %, and thin films were
prepared by spin coating technique on glass substrates at room temperature.

The polymers (PMMA, P3HT) powder of were analyzed by (FT-IR) to
determine the active groups of the chemical bonds. The results of the
analysis showed that the polymer is PMMA, PsHT and the results were
compared and identical to the original material.

The X- Ray diffraction (XRD) results showed that the prepared PMMA
films is amorphous in nature, and PMMA: PsHT films studied investigated
films are polycrystalline in nature the and the doping did not effect on the
synthetic properties of PMMA.

The surface morphology of thin films was examined using the atomic
force microscope technique (AFM). The results showed that the prepared
films were homogeneous. The average roughness, root mean square (RMS)
values and the average grain diameter increased with the increasing of PsHT
concentration.

The optical properties of the prepared films were investigated by
obtaining the absorbance spectrums in the UV- VIS regions as a function of
wavelength from(200 - 600) nm. The values of absorbance , refractive index
and absorption coefficient for the of un-doped and doped films increasing
with increasing of doping ratio. The energy gap decreasing with the
increasing of the doped ratio, makes the material suitable for using
application of solar cells .

Electrical properties including D.C conductivity measurement of thin

films were studied .The results showed that the electrical conductivity



increased with the increasing dopant rate and that the material has one
activation energy decreased with the increasing of doping ratio.

PMMA:P;HT/Si heterojunctions have been prepared at different
concentrations(0.02, 0.04 and 0.06) %, (J-V) characteristics show that the
PsHT- doping increases the energy conversion efficiency by retarding the
electron-hole recombination and the improved device performance is caused
by the high short-circuit current (Isc) and open circuit voltage (Voc) and
found that the highest efficiency (1) at doping ratio 0.06% is 6.1% .

The efficiency of the solar cell was also studied with the change of time
factor to knowing the efficiency of the prepared solar cell . Where the
efficiency was measured for two months (November and March) in 2021,
2022 for ten days, and it was found that a change in the time factor does not

effect on the efficiency of the cell.



Contents

Title Page
Summary I
Contents Il
List of Symbols VI
List of Abbreviations VIl
List of Figures X
List of Tables X1

No. Titles Page
Chapfter One ( Introduction and Literature Review )
1.1 | Introduction 1
1.2 | Properties of PMMA 3
1.3 | Properties of P3HT 5
1.4 | Working Principle of Solar Cell 6
1.4.1 | Advantage of Solar Cell 7
1.4.2 | Disadvantage of Solar Cell 8
1.5 | Literature Survey 8
1.6 | Aim of the Work 17
Chapter Two (Theoretical Part )
2.1 Introduction 18
2.2 | Structural Properties 18
2.2.1 | Atomic Force Microscope (AFM) 18
2.2.2 | Fourier Transform Infrared (FT-IR) 18
2.2.3 | The X-ray Diffraction (XRD) 19




No. Titles Page
2.3 Optical Properties 20
2.3.1 | Absorbance (A) 20
2.3.2 | Transmittance (T) 20 I
2.3.3 | Reflectance (R) 20
2.3.4 | Absorption Coefficient (o) 21
2.3.5 | Extinction Coefficient ( k,) 21 I
2.3.6 | Refractive Index (n) 22
2.3.7 | Dielectric Constant 22
2.3.8 | The Fundamental Absorption Edge 23
2.3.9 | Electronics Transition 24 I
2.4 | The Electrical Properties 26
2.4.1 | D.C. Electrical Conductivity 27
2.5 Heterojunction Solar Cells Photovoltaic 30
2.6 Photoelectric Current-Voltage (J-V) Characteristic 30

Chapfter Three (Experimental Part)

Introduction

Solutions Preparation

Spin Coating Method

Substrates Cleaning

Glass Substrate

Silicon Wafer

Solar Cell Manufacturing (Ohmic Contact)

Thin Films Characterization and Measurements

Thickness Measurement




No. Titles Page

3.6.3 | Structural and Surface Morphological Properties 39
3.6.3.1 | Atomic Force Microscope (AFM) 39
3.6.3.2 | Fourier Transforms Infrared Spectrometer (FT-IR) 40
3.6.3.3 | X-ray Diffraction (XRD) 40
3.6.4 | Optical Measurements 41
3.6.5 | Electrical Properties 42
3.6.5.1 | D.C Electrical Conductivity Measurements 42
3.7 | Hlumination Current-Voltage Characteristics 44

The Short Circuit Current and Open Circuit Voltage
Measurements

Chapter Four (Results and Discussion)

Titles

Introduction

Structural Properties of PMMA-P;HT

Fourier Transformation Infrared Radiation (FT-IR)

Atomic Force Microscope (AFM) Analysis

X~— Ray Diffraction Analysis (XRD)Analysis

Optical Properties of PMMA-P;HT

Absorbance Spectrum

Transmittance Spectrum

Reflectance Spectrum

Absorption Coefficients

Optical Energy Gaps of the (Allowed and Forbidden) Indirect

Transition

Refractive Index




No. Titles Page
4.3.7 | Extinction Coefficient 65
4.3.8 | Real and Imaginary Part of Dielectric constant 67

I 4.4 | Electrical Properties of PMMA and PMMA-P;HT 70 I
I 4.4.1 | The D.C Conductivity and Activation Energy 70 I
L5 J-V Characteristic of PMMA-P;HT Heterojunction Under 13

Dark and Illuminated Conditions
| 4.6 | Stability of Cell Efficiency with Change of Time 77 |
4.7 | Conclusions 79
Suggestions for Future Work
References

List of Symbols

Physical meaning

Absorptance

Incident Intensity of Light

Absorbed Light Intensity

Transmittance

Intensity of the Transmitting Rays

Intensity of the Incident Rays

Reflectance

Absorption Coefficient

Intensity of Light
Thickness of Thin Film

Frequency

Plank Constant

\



Symbol Physical meaning
n The Real Part of Refractive Index
C Velocity of Light in Space
% Velocity of Light in Thin Film
n* Complex Refractive Index
A The Wavelength of Incident Photon Rays
€1 The Real Part of the Complex Dielectric Constant
€2 The Imaginary Part of the Complex Dielectric Constant
AK Wave Vector
E,™ Energy Gap Between Direct Transition
J The Current Density
E. The Electric Field

constant depended on type of material

Electrical Conductivity

The Mobility of the Carriers

The Carrier's Lifetime

The Carrier's Concentration

The Effective Mass of the Carrier

The Electron Charge

The Drift Velocity

Electric Activation Energy

Absolute Temperature

Boltzmann Constant

The Minimum Electrical Conductivity at 0K

The Conductivity of the Thin Film

Short Circuit Current

The Saturation Current

Vi




Symbol Physical meaning
Rsh The Shunt Resistance
Ve Open Circuit Voltage

The Maximum Value of the Current

The Maximum Value of the Voltage

The Efficiency

The Maximum Power

I Pin The Incident Power I

_i1st of Abbreviations

AMMA

I Symbol Physical meaning I

Poly (methyl methacrylate)

PsHT Poly (3-hexylthiophene)
AFM Atomic Force Microscope
CB Conduction Band
FT-IR Fourier Transforms Infrared Spectrometer
F.F Filling Factor
PVD Physical Vapor Deposition
RMS Root Mean Square
TiO, Titanium dioxide
V.B Valence Band
VIS Visible Spectrum
uv Ultra Violet Spectrum
XRD X-Ray Diffraction
D.C Electrical Conductivity
HJ Heterojunction

VI



List of Figures

Figure Subject Page
I Chapter One I
I 1.1 | The chemical structure of poly (methyl methacrylate) 4 I

1.2 | The chemical structure of poly (3-hexylthiophene) 6

Chapter Two
Figure Subject Page

2.1 | The variation of absorption edge with absorption regions 24
The transition types.

2.2 (a) allowed direct transition. (c) allowed indirect transition 26
(b)forbidden direct transition. (d)forbidden indirect transition

2.3 | J-V characteristics of solar cell in dark and illumination 31

Chapter Three
Figure Subject Page

3.1 | Schematic diagram of the main steps of the procedure 35

3.2 | Schematic of the spin-coating process 36

3.3 Optical thin film measurement system 38

3.4 Photograph illustrates the AFM 39

3.5 | Fourier transforms infrared spectrometer 40

3.6 | X-ray diffraction system (XRD) 41

3.7 | UV-VIS 1800 spectrophotometer system 42

3.8 | Circuit for measuring D.C conductivity 43

29 Circuit diagram of (a) the short - circuit current (b) the open 14
— circuit voltage




Chapter Four

Figure Subject Page
4.1 FTIR spectra for PMMA 46
4.2 FTIR spectra for PsHT 47
4.3 3-D images of the prepared thin films for pure PMMA 50
44 3-D images of the prepared thin films for cons.(0.02)PsHT 50

45 | 3-Dimages of the prepared thin films for cons.(0.04)PsHT 51

46 |3-Dimages of the prepared thin films for cons.(0.06)PsHT 51

4.7 |3-Dimages of the prepared thin films for pure PsHT 52

XRD Pattern of Pure PMMA

XRD Pattern of Pure PsHT

XRD Pattern of Mixture of PMMA and Ps;H
A) Wt: 0.02% (B) Wt: 0.04% (C) Wt: 0.06%)

Absorbance spectrum as a function of wavelength for
PMMA thin films

Absorbance spectrum as a function of wavelength for
PMMA-P;HT thin films

Transmittance spectrum as a function of wavelength for
PMMA thin films

Transmittance spectrum as a function of wavelength

for PMMA-P3;HTthin films




Subject

Reflectance spectrum as a function of wavelength

4151 for PMMA thin films 59
Reflectance spectrum as a function of wavelength for

416 | PMMA-P;HTthin films 60
Absorption coefficients as a function of wavelength for

417 PMMA thin films 61
Absorption coefficients as a function of wavelength

4.18 o 61
for PMMA-P;HT thin films

419 | (ahv) **asa function of ho for PMMA thin films 63

420 | (ahv) **asa function of ho for PMMA-P;HT thin films 63

Variation of refractive index as a function of wavelength for
PMMA thin films

Variation of refractive index as a function of wavelength for

PMMA-P;HT thin films

Extinction coefficient as a function of wavelength for

PMMA thin films

Extinction coefficient as a function of wavelength for

PMMA-P;HT thin films

Real dielectric constant as a function of wavelength for

PMMA thin films

Real dielectric constant as a function of wavelength for

PMMA- P;HT thin films

Imaginary dielectric constant as a function of wavelength for

PMMA thin films

XI




ten days in March

Figure Subject Page

Imaginary dielectric constant as a function of wavelength for

4.28 L 69
PMMA-P;HT thin films

5 Variation of D.C electrical conductivity with temperature

429 | for PMMA-P,HT. n
Variation of D.C electrical conductivity with inverse absolute 79

4.30 temperature for PMMA:PsHT

431 |J-V characteristic for PMMA/ Si solar cell 74

4.32 | J-V characteristic for P;HT/ Si solar cell 74

4.33 | J- V characteristic for PMMA: 2% PsHT / Si solar cell 75

4.34 |J-V characteristic for PMMA: 4 % P3;HT / Si solar cell 75

4.35 |J-V characteristic for PMMA: 6% PsHT / Si solar cell 76
J-V characteristic for PMMA: 6%PsHT/ Si solar cell in 1%

4.36 ten days in November "
J-V characteristic for PMMA : 6%P3;HT/Si solar cell in 1*

4.37 ten days in March "
J-V characteristic for PMMA :6%PsHT/Si solar cell in 3%

4.39 78

Xl



List of Tables

No. Subject Page
Chapter One
‘ 1.1 | Properties of poly (methyl methacrylate) PMMA 4
I 1.2 | Properties of poly (3-hexylthiophene) P;HT 6
Chapfter Three
| 3.1 | The chemical materials used 34
I Chapter Four
i1 Results of AFM assays for pure PMMA and PMMA\P;HT -
films
| 4.2 | XRD parameter for prepared films. 55
13 The values of optical energy gap for the allowed and o

forbidden indirect transition for PMMA thin films.

The values of optical energy gap for the allowed and

forbidden indirect transition for PMMA:PsHT thin films.

Values of conductivity with concentration of PMMA:P;HT
wit%.

Values of activation energy with concentration of
PMMA:P;HT

The results of the J-V for PMMA-P;HT thin films at

different concentration

Xl




e e e e i T e e T T R e T T e i i T e e T T e T i T i T e T e e T e e i T e e e T R i e i e e e s e e i e e i e e i e e e e e i e e e T e e e e

B Y T T R VAV )

CHAPTER ONE
Introduction
and Literature

Review

T e e e i T T e T T R R T T T i T e e T T R e T i i i T e T T e e T e e e T T e e e e i e e i e e e s i e i i e i e e e T e T e e e e T e e e e

S S S S S S S S S S S S S S S e

g



Chapter One Introduction &L.iteratures Review

1.1 Introduction

A thin film is a layer of material ranging from fractions of a nanometer
(monolayer) to several micrometers in thickness [1]. The controlled synthesis
of materials as thin films (a process referred to as deposition) is a fundamental
step in many applications [2]. Thin film technology has made a significant
contribution to the study of semiconductors and the determination of a number
of physical and chemical properties it has an aim to determine its use in
various applications [3]. Advances in thin film deposition techniques during
the 20th century have enabled a wide range of technological breakthroughs in
areas such as magnetic recording media, electronic semiconductor devices,
Integrated passive devices, LEDs, optical coatings (such as antireflective
coatings), hard coatings on cutting tools, and for both energy generation (e.g.
thin-film solar cells) and storage (thin-film batteries) [4].
The properties of the material in the form of thin films have attracted the
attention of physicists since the second half of the seventeenth century, where
many theoretical researches was conducted in this area, and then developed
the study of the practical side at the beginning of the nineteenth century when
the semiconductor entered into practice[5]. Due to the thickness of these films,
they are deposited on substrates of different materials depending on the nature
of the use and study, such as glass, quartz, silicon, aluminum, etc [6]. Thin
films are generally used to improve the surface properties of solids.
Transmittance, reflection, absorption, hardness, abrasion resistance, corrosion,
permeation and electrical behavior are only some of the properties of a bulk
material surface that can be improved by using a thin film. Thin films are very
important because they differentiate the properties and reactions of the
material surface from its bulk [7]. Overall, thin films are used to enhance the

properties of bulk materials by depositing a layer with the desired physical and
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chemical characteristics to improve their functionality. Thin films have a wide

range of properties that can be used in a variety of applications. Types of thin

films can be categorized as follows [7]:

Optical thin films: Used to create reflective coatings, anti-reflective
coatings, solar cells, Monitors, waveguides and optical detector arrays.
Electrical or electronic thin films: Used to make insulators,
conductors, semiconductor devices, integrated circuits and piezoelectric
devices.

Magnetic thin films: Usually used to make memory disks.

Chemical thin films: They are used to create resistance to alloying,
diffusion, corrosion and oxidation, as well as to make gas and liquid
Sensors.

Mechanical thin films: Tribological coatings to protect against
abrasion, increase hardness and adhesion and use of micro-mechanical
properties.

Thermal thin films: They are used to create insulation layers and heat
sinks.

It is formed of large organic molecules linked together by chains
of different lengths and built these molecules from small units called
monomers joined by the covalent bonds [A]. In the recent years
polymers have gained considerable famous due to extensive
applications in various fields of life as, medical, engineering, and
industrial fields. The reason for this is that polymer has unique
properties. Ensure ease of treatment with polymer industrially, it also
possesses a wide range of optical, electrical, and mechanical properties

which can be controlled by performing some physical or chemical
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process [9]. There are several methods for preparation of polymer films
[10]:

» Casting Method.

» Spin Coating Method.

» Dip Coating Method.

» Sol-Gel Method.

» Langmuir- Blodgett (LB) Method.

We use in this study Spin Coating method, to prepare the films.
1.2 Properties of PMMA

Poly (methyl methacrylate) (PMMA), also known as acrylic or acrylic
glass, is a transparent and rigid thermoplastic material widely used as a
shatterproof replacement for glass. PMMA has many technical advantages
over other transparent polymer (PC, polystyrene etc.), Its most important
features them include [10,11]:

+* High resistance to UV light and weathering,

>

L)

%

Excellent light transmission

X4

%

Unlimited coloring options

* Good tensile strength and hardness

>

L)

» High transparency in the visible wavelength range

D)

%+ High surface resistivity

% Good insulation properties, and thermal stability

PMMA is an important polymer for mechanical and optical applications due
to high rigidity [11]. It is produced from monomer methyl methacrylate.
PMMA polymer exhibits glass-like qualities— clarity, brilliance, transparency,
translucence — at half the weight with up to 10 times the impact resistance. It

Is more robust and has less risk of damage [12]. PMMA is a high purity and
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easy-to-clean material and hence used to fabricate incubators, drug testing
devices, storage cabinets in hospitals and research labs. Also, due to its high
bio-compatibility, PMMA is also applied as dental cavity fillings and bone
cement [13]. Table (1.1) shows some properties of poly (methyl methacrylate)
and Figure (1) shows the chemical composition of this PMMA [14].

Table (1.1) Properties of poly (methyl methacrylate) PMMA [14].

Molecular formula (Cs0O,Hg),
Molecular weight 100.1 g/mol
Color White crystalline powder
Density 1.18 g/ cm’
Melting point 160 °C (320 °F; 433 K)
boiling point 200 °C
Energy gap (2.6 -2.9) eV
Solubility Chloroform, chlorobenzene

Poly (methyl methacrylate)

H.C

=

N—0O

Figure (1.1): The chemical structure of poly (methyl methacrylate)[12].
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1.3 Properties of PsHT

PsHT is a Semiconducting polymer that can be used in the fabrication
of a variety of devices which include solar cells, field effect transistors
(FETS), light emitting diodes (LEDs) and photovoltaic cells. Semiconducting
polymers have attracted a great deal of attention in the last decades because of
their remarkable optoelectronic properties combined with low-cost solution
processability. It could be said that poly (3-hexylthiophene) PsHT is one of the
well-known 7m-conjugated polymers [15].Where attracted significant attention
due to, excellent electronic properties; relatively high charge mobility (10™*-
10™) em®Vv*s?, excellent environmental stability [16]. Most of the fascinating
properties of semiconducting polymers such as PsHT derive from their strong
tendency to crystallize, because strong intermolecular interactions in well-
ordered crystalline domains offer efficient charge transport pathways through
the polymer layer on a macroscopic scale [17]. The rigidity and planar
conformation of the conjugated backbone of many semiconducting polymers
such as regioregular P;HT allows efficient packing and crystallization.
However, due to the difficulty of forming ordered crystalline structures from
interpenetrating and entangled polymer chains of high rigidity, there are very
few publications on single crystals of polymeric semiconductors [18]. As a
result of different processing conditions, there is a great diversity of
morphologies for these polymers, which have been widely explored and
reviewed during the last 50 years [19]. Table (1.2) shows some properties of
poly (3-hexylthiophene) and Figure (2) shows the chemical composition of
this P;HT [20].
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Table (1.2) Properties of poly (3-hexylthiophene) PsHT [20].

Molecular formula (CroH14S)n
Molecular weight (54000 — 75000) g / mol
Color Red
Density 1.33 g/lcm®
Melting point 238 °C
boiling point (211-226) °C
Energy gap (1.9-2) eV
Solubility Chloroform, chlorobenzene
CES H 13

I
/ \
S

n

Figure(1.2): The chemical structure of poly (3-hexylthiophene) [19].

1.4 Working Principle of Solar Cell

solar cell, also called photovoltaic cell, device that directly converts
the energy of light into electrical energy through the photovoltaic effect. The
overwhelming majority of solar cells are fabricated from silicon-with

increasing efficiency and lowering cost as the materials range from
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amorphous (noncrystalline) to polycrystalline to crystalline (single crystal)
silicon forms. Unlike batteries or fuel cells, solar cells do not utilize chemical
reactions or require fuel to produce electric power, and, unlike electric
generators, they do not have any moving parts [20].

When light reaches the p-n junction, the light photons can easily enter in the
junction, through very thin p-type layer. The light energy, in the form of
photons, supplies sufficient energy to the junction to create a number of
electron-hole pairs. The incident light breaks the thermal equilibrium
condition of the junction. The free electrons in the depletion region can
quickly come to the n-type side of the junction[21]. Similarly, the holes in the
depletion can quickly come to the p-type side of the junction. Once, the newly
created free electrons come to the n-type side, cannot further cross the
junction because of barrier potential of the junction.

Similarly, the newly created holes once come to the p-type side cannot
further cross the junction became of same barrier potential of the junction. As
the concentration of electrons becomes higher in one side, i.e. n-type side of
the junction and concentration of holes becomes more in another side, i.e. the
p-type side of the junction, the p-n junction will behave like a small battery
cell. A voltage is set up which is known as photo voltage. If we connect a
small load across the junction, there will be a tiny current flowing through it
[21].

1.4.1 Advantage of Solar Cell
The advantage of solar cell is [22]:
1. Solar energy is a clean and renewable energy source.
2. Once a solar panel is installed, solar energy can be produced free of charge.
3. Solar energy will last forever whereas it is estimated that the world’s oil

reserves will last for 30 to 40 years.
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4. Solar energy causes no pollution.

5. Solar cells make absolutely no noise at all.

6. Very little maintenance is needed to keep solar cells running. There are no
moving parts in a solar cell which makes it impossible to really damage
them.

1.4.2 Disadvantage of Solar Cell

The disadvantage of solar cell is [22]:

1. Solar panels can be expensive to install resulting in a time-lag of many
years for savings on energy bills to match initial investments.

2. Solar power stations do not match the power output of similar sized
conventional power stations; they can also be very expensive to build.

3. Solar power is used to charge batteries so that solar powered devices can be
used at night. The batteries can often be large and heavy, taking up space

and needing to be replaced from time to time.

1.5 Literature Survey

In 2010, Bahaa Hussien and el at. [23], the researchers studied the
effect of the addition of TiO, on some electrical properties of poly-methyl
methacrylate (PMMA) has been studied. Many samples have been
prepared by adding TiO, on the poly-methyl methacrylate by different
weight percentages of TiO, and with different thickness. The experimental
results show that the D.C. electrical conductivity changes when the
concentration of additional TiO, increases and when the temperature
increases. Also the activation energy of D.C. electrical conductivity is
decreases by increasing TiO, concentrations.

In 2010, Assanee Jaipean and el at.[24], researchers have fabricated
thin films of poly (methyl methacrylate)by spin coating method, or
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PMMA. The result shows for the spin-coating speed, it was observed that
the transmittance of the film increased with the speed, but with a
decreasing rate. For the baking temperature, the results showed that all the
baked films provided roughly the same level of transmittance regardless of
their baking temperatures after spin-coating, except the one baked at 130
°C. Where the sample baked at such temperature provided approximately
5% lower transmittance than those of the others. This effect was
supposedly contributed to the glass transition temperature of the PMMA.
The baking temperature of 130 °C was closed to the glass transition
temperature of the material which is at 105 °C. This was suspected to result
that such temperature is just above the glass transition temperature of the
material. Thus the film baked at such temperature was a mixture of glassy
state and complete solid state, leading to a lower transmittance. The results
from this study could be used to help adjust the fabricating conditions of a
spin-coated film of PMMA to provide a required optical transmittance.

In 2011, L.N Ismail and el at.[25], Poly (methyl-methacrylate)
(PMMA) thin films were deposited by sol-gel spin coating method on glass
substrates. PMMA powder was dissolved in 60ml Toluene with the
concentration of the PMMA in the solution was varied from 30 ~ 120 mg.
Besides the PMMA concentration, also studied the effect of the thin films
thickness on the electrical properties. The results for electrical properties
showed that there is a difference of the I-V, resistivity, conductivity and the
dielectric constant with different thickness. Conductivity of the PMMA
thin film was found to ~ 10 Qcm and continue to decrease as the PMMA
concentration increased. From AFM images, the surface morphology

showed that there was no significant difference on the film morphology for
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PMMA films having 5 and 10 layers when the PMMA concentration is
being varied.

In 2012, Lyly Nyl Ismail and el at.[26], The researchers were
deposited PMMA thin films by sol gel spin coating method on ITO
substrates. Toluene was used as the solvent to dissolve the PMMA powder.
The dielectric properties were measured for thin film. The dielectric
permittivity was in the range of 7.3 to 7.5 which decreased as the PMMA
concentration increased. The dielectric loss is in the range of 0.01 ~ —0.01.
All samples show dielectric characteristics which have dielectric loss is
less than 0.05. The optical properties for thin films were measured at room
temperature across 200 ~ 1000 nm wavelength region. All samples are
highly transparent. The energy band gaps are in the range of 3.6 eV to 3.9
eV when the PMMA concentration increased. The morphologies of the
samples show that all samples are uniform and the surface roughness
increased as the concentration increased. From this study, it is known that,
the dielectric, optical, and morphology properties were influenced by the
amount of PMMA concentration in the solution.

In 2013, A. Hassan Resen,[27], where the researcher has studied the
effect of doping on the optical constants of (PMMA) doping with
phenolphthalein(8%)was studied. films were prepared by using casting
technique with thickness(20um), optical properties for this films were
studied by recording the absorption and transmission spectra in the
wavelength rang (190-1100)nm. And then the absorption, transmission, the
reflectivity, extinction coefficient, refractive index, and real and imaginary
parts of dielectric constant were studied. The results were shown that all
properties that were studied increases by the ratio of doping except

transmission which decreased at doping.

10
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In 2014, Hussein Neama N. and el at.[28], The researchers studied
optical characteristics of poly (methyl methacrylate) (PMMA) films doped
with4-(5-{2-[5-(4-Cyanophenyl)-3-methylthiophen-2-yl]-3,3,4,4,5,5-
hexafluorocyclopent -1-en-1-yl}-4-methylthiophen-2-yl) benzonitrile (I).
Where the polymer films were prepared using casting method with
different concentrations of the dopant (I) were used and the optical
properties of the prepared films were investigated. where has been measure
the optical absorption spectra of these films. The results showed that
energy gap (E,™
concentration. The absorbance, absorption coefficient, extinction

) of the polymer films decreases with increasing |

coefficient, finesse coefficient, refractive index, parts dielectric constant
(real and imaginary) and optical conductivity of the prepared PMMA films
were found to be increased with increasing the concentration of I. The
indirect optical band gap for the pure and doped PMMA films were
evaluated to be about (2.6, 2.8, 3, and 3.2)eV for indirect allowed
transition, while the indirect forbidden band gaps were determined as (2.5,
2.6, 2.7 and 3.2) eV with increase (I) contents, respectively.

In 2015, Raheem G. Kadhim, [29], studied the effect of nanoTiO,
particles on electrical properties of polymer PMMA. The samples of
(PMMA-TIO,) Nano composites were prepared by using casting method.
The experimental results show that the D.C electrical conductivity for
the(PMMA-TIO,) Nano composite increase with the increasing
temperature, the activation energy for D.C electrical conductivity for
(PMMA-TIO;) ) Nano composite decrease with the increasing of
concentrations of the(TiO,) nanoparticles, while the dielectric constant,
dielectric loss, and the A.C electrical conductivity for (PMMA-TiO,) Nano

composite are increasing with the increasing of concentrations of the (
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TiO,)nanoparticle, the dielectric constant and the dielectric loss of the
(PMMA-TIO,) Nano composite is decreasing with the increase of
frequency of the applied electric field.

In 2016, P. Maji and el at.[30], where the researchers used a simplistic
sol-casting technique was used to fabricate polymeric Nano composite film
of PMMA-ZrO,. Phase analysis, micro-structure and chemical composition
were examined through X-ray diffraction (XRD) and Fourier transformed
infra-red spectroscopy (FTIR). Where observed a significant enhancement
in absorption coefficient of UV-VIS absorption profile with the increase in
ZrO, content. The addition of ZrO, filler into PMMA markedly enhanced
the dielectric constant (~26) and suppressed the loss (tan6~0.06). The value
of A.C conductivity was found around 7.75 cm™ at 373K and 3MHz. The
Conducting behavior of the Nano composite film was ascribed to hopping
mechanism. The researcher’s conclusions that it is possible to use the
synergistic combination of ZrO, and PMMA can be used as an appropriate
candidate for high frequency capacitor application.

In 2018, Zaiying Shi and el at.[31], the researchers was prepared a thin
film of pure PMMA polymer to study the optical and electrical
characterization of broadband terahertz met material absorbers. The
relative permittivity and reflectivity properties of the poly (methyl
methacrylate) (PMMA) films prepared with a spin layer were examined
and an excellent meta-terahertz absorbent (THz) was fabricated using
PMMA film as the dielectric layer. The results of XRD and AFM showed
that all PMMA films with thicknesses from (11 to 17) um were amorphous
and extremely smooth with a roughness of about 0.203 nm. The results
showed an increase in the dielectric constants from 2.88 to 4.04 with an

increase in the thickness from (9 to 14) um. And the dielectric constants of
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PMMA films of a certain thickness (8 pum) decreased. The UV-VIS
spectrum showed that the thickness had little effect on the reflectance and
transmittance in the visible region, resulting in the same Eg (energy gap) of
about 3.7 eV.

In 2019, Omar Bahadir Mergen and el at.[32], Researchers have
studied the effects of graphene Nano platelet (GNP) doping on the optical

parameters and the optical transition energies (optical band gap) of
poly(methyl methacrylate)/graphene Nano platelet (PMMA/GNP)
composite films were studied. In this study, were prepared the composite
films by spin coating technique. The absorbance (A) changes of the
prepared composites were measured by using UV-Vis technique. found
the composites have high absorption properties in the low wavelength
region (k<250 nm) and low absorption properties in the high wavelength
region (k>250 nm). The extinction coefficient, k is increased with the
increase of GNPs doping. E4 and E; band gap energies were calculated,
they found that the indirect transition energies (E;) lower than the direct
transition energies (Eq), where calculated as (4.7— 6.2) eV and (2.0-5.9)
eV, respectively. the results obtained were interpreted as the increase in the
conductivities of the GNP-doped composites. found too the conductive
additives added to the insulating PMMA matrix increase the conductivity
of the composites and composites become semi-conductive state.

In 2019, Ahmed Shaker Hussein and et al. [33], study the effect of
thickness on the optical properties for polymer poly(methyl
methacrylate),that the films were prepared by spin coating method. Some
of optical properties of poly(methyl methacrylate)film have studied. This
study shows that the values of optical properties that include (absorption,
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refractive index, reflectance, real dielectric constant) decreasing with
increasing of speed due to the difference in thickness. While the
(transmittance, extinction coefficient, absorption coefficient, imaginary
dielectric constant) increasing with increasing of speed due to the impact of
thickness. The measurements were taken for different thickness (206,116,
87, 66, 47) nm and different number of rotation (1000, 2000, 3000, 4000,
5000) rpm respectively. They also found that the value of the energy gap is
as high as possible and reaches to (3.08 eV) at 5000 rpm with thickness
(47) nm. They also found that the highest value of refraction was at the
thickness (206) nm.

In 2020, A. A. Hasan and el at.[34], Researchers have studied the
optical and electrical properties of PMMA/CB, PMMA/G and
PMMA/(CB+G) composites. They found that that transmittance of pure
PMMA is very high, which shows drastic reduction as carbon black and
graphene added separately to the host material in opposite to that the
transmittance decreased the wavelength by addition of (G) or (CB) to
PMMA. Minimum energy gap (1.0 eV) obtained for PMMA+0.04% G
composite sample. And obtained Maximum refractive index for
PMMA+0.06% G composite sample. As such that they found all the
optical parameters of pure PMMA like n, k real and imaginary dielectric
constant is lower than those of composites samples, while the energy gap
of PMMA is higher than those of composites samples. as they noticed The
values of (&) and (g;) clearly affected by the increasing of graphene and CB
content. Where the exponent s was very low for all composites samples.
The Band Gap of the films was measured, showed the Optical Band Gap of
the pure PMMA is 5 eV drastically, decreased to low energy especially for
(PMMA doped with (CB)).
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In 2021, Qais M. Al-Bataineh and el at. [35], In 2021, Qais M.
Al-Bataineh and el at. [31], Researchers have synthesize and optically
characterize pure PMMA and PMMA incorporated with metal oxides
nanoparticles (MO NPs) such as ZnO, CuO, TiO, and SiO, NPs
Nanocomposite . The optical parameters were determined by analyzing the
transmittance and reflectance spectra. The transmittance of PMMA thin
film was found to be around 92% in the visible region. And has been found
that, as MONPs are introduced into PMMA thin films, the transmittance of
thin films significantly decreases. Thus, relevant optical parameters are
strongly influenced by this decrease. Calculated refractive indices (n) of
PMMA thin film lie in the range (1.53-1.97) that increase as MONPs are
introduced into PMMA matrices. . The E4 value of un-doped PMMA thin
films is found to be 4.273 eV. This value decreases as pre-selected MONPs
are introduced into thin films. The FTIR technique has been used employed
to elucidate the vibrational bands of the Nano composites and the
intermolecular bonding between PMMA matrix and the MOs NPs. The
obtained doped thin films show a great promise for fabricating high-
efficient optoelectronic devices.

In 2021, Angham Hazim and el at.[36], Researchers have studied
the fabrication of Novel (PMMA-AI,O:/Ag) Nano composites and its
structural and optical properties for light weight and low cost electronics
Applications. Where the results showed that the structural and optical
properties of (PMMA-AI,O3-Ag) Nano composites are promising materials
for different optoelectronics applications such as solar cells, sensors,
electronics gates, transistors, lens, lasers .etc. The results showed that the
optical absorbance of (PMMA-AI,O3) Nano composites increases with the

increase in Ag nanoparticles concentration. The absorption coefficient,
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extinction coefficient, refractive index, imaginary and real dielectric
constants and optical conductivity of (PMMA-AI,O3) Nano composites
increase with the increase of silver nanoparticles concentrations while the
transmittance and energy band gap decrease with the increase of Ag
nanoparticles concentrations. FTIR studies showed that there are no
interactions between (PMMA-AI,O3) and Ag nanoparticles concentrations.
And, the (PMMA-AI,O3-Ag) Nano composites have higher absorption at
high energies photons and it have energy band gap 2.1 eV < E; < 4.22 eV,

these behaviors make it suitable for modern optoelectronics applications.

In 2021, Areen A.B.S. et al. [37], prepared thin films based on
(PMMA) and (PS) doped with (1, 3, 5, and 7) % of cerium dioxide
nanoparticles (CeO, NPs). The transmittance and reflectance are measured
in the spectral range (250-700) nm. High transmittance of 87% is
observed in the low energy regions. The optical band gap energy of
(PMMA-PS) thin film is found to be 4.03 eV. FTIR analysis is identify the
major vibrational modes of the Nano composite. The peak at 541.42 cm™
is assigned to Ce—O and indicates the incorporation of CeO, NPs into the
copolymers matrices. There were drastic changes to the width and
intensity of the vibrational bands of PMMA-PS upon addition of CeO,
NPs.

16



Chapter One Introduction &L.iteratures Review

1.6 Aim of the Work

The aims of this work can be summarized in the following points:

I. Study of structural, optical and electrical properties of prepared (PMMA:
PsHT) thin films on glass substrate by spin coating technique.

I1. Studying the possibility preparation of (PMMA: PsHT) as a solar cell and
determination of the optimum conditions work for these devices such as,
efficiency, and employing the proposed optimization parameters and

combining them in one device in order to achieve highly efficient solar
cell.

I11. Investigate the stability of the prepared solar cells.
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Chapter Two Theoretical Part

2.1 Introduction

This chapter includes a general description of the theoretical part of this
study, physical concepts, scientific clarifications, relationships, and laws

used to interpret the study results.

2.2 Structural Properties

The structural properties represent important tool to study the

crystallographic structure of thin films.
2.2.1 Atomic Force Microscopy (AFM)

Atomic force microscopy (AFM) or scanning force microscopy (SFM) is
a very high-resolution type of scanning probe microscopy, with
demonstrated resolution on the order of fractions of a nanometer, more than
1000 times better than the optical diffraction limit. The AFM is a
conceptually simple apparatus [38]. A micrometer-scale cantilever with a
sharp tip (diameter ~ 10-50 nm) is scanned over a sample at distances on the
order of a few nm. Interatomic forces between the tip and the sample are
sensed by the cantilever, whose deflection is measured (usually) by a laser
and a photodetector. The force experienced by the tip varies nonlinearly with

the tip-sample separation[39].
2.2.2 Fourier Transform Infrared (FT-IR)

FT-IR is a technique that is used to obtain an infrared spectrum of
absorption, emission, photoconductivity or Raman scattering of a solid,
liquid or gas. FT-IR spectrometer simultaneously collects spectral data in a

wide range of spectral range [40]. Spectra were recorded as a sample
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dispersion in (potassium bromide) through IR disk as (sample 1 mg to 200

mg KBr) with a scanning range of (500-3500) cm™ and resolve (1 cm™).
2.2.3 The X-ray Diffraction (XRD)

X-ray diffraction is one of the widely used experimental techniques for
determining lattice parameters, preferred orientation of the crystal [41]. The
mechanism of XRD is simple. When a monochromatic X-ray beam incident
onto a crystal sample, the constructive diffractions (or interference) from
parallel planes of atoms with inter-planar spacing d occur if the Bragg’s law
Is satisfied [42].

2d sinf = n A (2.1)

Where n is an integer that indicates the order of the reflection, 6 is Bragg
angle, and A is the wavelength of the X-ray beam. By measuring the Bragg
angle 0, the interplanar distance (d) can be obtained if the wavelength of the

X-ray beam is known [43].

The particle size could be easily calculated by using the Debye Scherer

formula given by the following equation [26]:

0o .
~ BcosH (22)

Where, D is the particle size (crystallite size), 4 is the wavelength of the

X-ray, f= FWHM of most stronger peak (highest intensity peak).
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2.3 Optical Properties

The study of the optical properties of a material is interesting for many
reasons. Firstly, the use of materials in optical applications such as
interference filters, optical fibers, and a reflective coating requires accurate
knowledge of their optical constants over a wide range of wavelengths [44].
Secondly, the optical properties of all materials may be related to their
atomic structure, electronic band structure and electrical properties [45].
2.3.1 Absorptance (A)

Absorption can be defined as the ratio between absorbed light intensity

(1) by material and the incident intensity of light ( I, ) [46].
A= — (2.3)
2.3.2 Transmittance ( T)

Transmittance is given by the ratio of the intensity of the transmitting
rays (l1) through the film to the intensity of the incident rays (l,) on it as
follows [47]:

T= -2 (2.4)

We can also find a transmittance as a function of wavelength through the
exponential relationship for both absorbance and transmittance which
[48]:

A =log (%) (2.5)

2.3.3 Reflectance (R)

Reflectance can be obtained from absorption and transmission spectrum

in accordance to the law of conservation of energy by the relation [49]:
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R+T+A=1 (2.6)
2.3.4 Absorption Coefficient (a)

Absorption coefficienta can be defined as the relative rate of decrease in

light intensity (I) along it is propagation path. According to Beer Lambert
low [50]:

o= l@ (2.7)
[ dt
Where
|: is the intensity of light in (W/cm?)
t: is the thickness of thin film in (cm).
a can be given by [51]:
2.303.A
0=—"" (2.8)

In semiconductors, the absorption coefficient is a strong function of the
wavelength or photon energy. Photon energy is given by [51]:

E =hv (2.9)
Where:

v: frequency in (Hz.)
h: Plank constant (6.625x10* J.s).
2.3.5 Extinction Coefficient ( ko)

It represents the imaginary part of complex refractive index (n*) [52]:

n* =n — ik, (2.10)
Where :

n : the real part of refractive index , equal (c/v).
c : velocity of light in space
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v : velocity of light in thin film

n*. complex refractive index which depends on the material type,
crystal structure (grain size), crystal defects, stress in the crystal and
extinction coefficient (k,), is given by following equation [53]:

_0(?\

k. = ——
° 4

(2.11)

Where:
A :is the wavelength of incident photon rays.
a : absorption coefficient .

2.3.6 Refractive Index (n)

The refractive index can be defined as a ratio between velocity of light
in vacuum (c), to its velocity inside the material. The value of refractive
index (n) was calculated by using equation depending on the reflectance and
extinction coefficient (k,) as in the following equation [54] :

_(n- 1)2 + k2
(n+1)% + k3

The refractive index can be expressed through the following equation

[54]:

(2.12)

1
1+R\? 2 1+4R
“=[(m> ‘“‘3“)] g @D

2.3.7 Dielectric Constant

When a light incident on the atoms in the material, a reaction between
incident radiation and the charges of the material will happen. This will lead
to a polarization of the charges of the material [55]:

€ =g — g, (2.14)

Where:
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€, . Is the real part of the complex dielectric constant,
g . Is the imaginary part of it. For the calculation of the dielectric
constant in its two parts, one can use the following expressions [55]:
g, =n3 — k3 (2.15)
&, = 21, Kk, (2.16)
2.3.8 The Fundamental Absorption Edge

The fundamental absorption refers to band-to-band or to excitation
transitions (i.e. the excitation of an electron from the valence band to the
conduction band), it manifests itself by a rapid rise in absorption, which can
be used to determine the energy gap of the semiconductor. Absorption
regions can be classified into three regions [56].

a) High Absorption Region

This region is shown in Figure (2.1). In part (A), the magnitude of
absorption coefficient («) is larger or equal to (10* cm™). From this region
the magnitude of forbidden optical energy gap (Eg"pt') can be introduced
[57].

b) Exponential Region

This region is shown as in Figure (2.1). In part (B) the value of
absorption coefficient (a) is equal to (1 cm™<a < 10 cm™). It refers to the
transition between the extended levels from the (V.B ) to the local levels in
the (C.B ) and from local levels in (V.B) to extend the levels in (C.B).

c) Low Absorption Region

The absorption coefficient (a) in this region is very small. It is about
(a< 1 cm™). The transition happens in this region because of density of state
in mobility gap resulted from faults structural, as in Figure (2.1), the part (C)
[58].
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Figure (2.1): The variation of absorption edge with absorption regions [56].

2.3.9 Electronics Transition

The absorption of radiation, which leads to electronic transition between
the valence and conduction bands, is split into direct and indirect transition
as shown in Figure (2.5) [59].

The direct transition happens in semiconductors when the bottom of
(C.B) is exactly over the top of (V.B ). This means that they have the same
value of wave vector, i.e. (AK=0) in this state the absorption appears when
(hv=E,°™"). This transition type is required for the Law's of conservation of
energy and momentum. These direct transitions have two types [60]:

a) Direct Allowed Transitions

The transition happens from the top points in the (V.B) and the bottom
point in the (C.B), as shown in Figure (2.2.a).
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b) Direct Forbidden Transitions

This transition happens from near top points of (V.B) and the bottom
points of (C.B) [61], as shown in Figure (2.2.b).

The absorption coefficient for this transition type is given as relation:

(ahv) = B (hv — EgP)F (2.17)
Where:

E," : energy gap between direct transition.

B: constant depended on type of material.

r: exponeat constant, its value depended on type of transition:
r =1/2 for the allowed direct transition.

r =3/2 for the forbidden direct transition.

For the indirect transition in this case the bottom of (C.B) is not over the
top of (V.B), in curve (E-K). The electron transits from (V.B) to (C.B) is not
perpendicularly where the value of the wave vector of electron before and
after the transition is not equal (AK =|= 0). This transition type happens with
helpful of particle called "Phonon", for conservation of the energy and
momentum law. There are two types of indirect transitions, they are [62]:

c) Allowed Indirect Transitions

These transitions happen between the top of (V.B) and the bottom of
(C.B) which is found in the difference region of (K-space) as in Figure
(2.2.c).

d) Forbidden Indirect Transitions

These transitions happen between the nearest points on the top of (V.B)
and near points in the bottom of (C.B) [63], as shown in Figure (2.2.d). The
absorption coefficient for transition with a photon absorption is given by:
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ahv =B (hv—Eg"" + Epp)" (2.18)
Where:
Epn.: energy of the phonon, is (-) when phonon absorption, and (+) when
photon emission.
r = 2 for the allowed indirect transition.

r = 3 for the forbidden indirect transition.

* Condition Band - r
E (a) b)
" . E, (Direct)
(c) Eg(Direct) Eg(Indirect) |
(d) i) PP Y
Valence Band

K

Figure( 2.2 ): The transition types [63].
(a) Allowed direct transition. (c) Allowed indirect transition.

(b) Forbidden direct transition. (d) Forbidden indirect transition.

2.4 The Electrical Properties

The unique electrical properties of semiconductors permit their use in
devices to perform specific electronic functions. Advantages of
semiconductor devices include: small size, low power consumption, and no
warm up time, The invention of semiconductor devices, which has given rise

to miniaturized circuitry and is responsible for the advent and extremely
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rapid growth of a host of new industries in the past few years. The electrical
properties of semiconductors depend upon the nature of semiconductors they
being pure or doped , crystalline or amorphous.

The electrical properties of materials are determined not only by
chemical composition, but also by the arrangement of atoms in the solid, and
the existence of defects when gives rise to the electron states in the energy
gap which effected on the electrical properties of material, this defect can be
reduced by many processes such as the annealing process. Transport
properties such as D.C electrical conductivity (opc) are important electrical
properties [64,65].

2.4.1 D.C. Electrical Conductivity

The D.C conductivity in crystalline semiconductors depends on the
presence of free electrons and free positive holes. At (OK), the valence band
Is regarded as filled and the conduction band is empty. As the temperature is
raised bonds are broken and the effect is that free electrons are excited into
the conduction band, and this leaves behind holes in the valence band.
Electrical conductivity (o) is defined as the proportional factor between the

current density and the electric field, and it’s given by the equation [66]:

] =6E, (2.19)
Where:
J: is the current density.
E.: is the electric field.
and
0 = n.qu (2.20)

or
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o= M (2.21)
m
Where
u: is the mobility of the carriers.
1. iIs the carrier's lifetime.
Ne: IS the carrier's concentration.
m*: is the effective mass of the carrier.
g: is the electron charge.
In semiconductors, the relation between the current density and electric

field is given by [67]:

I =q (nn, +pu, ) Ee (222)
Where, n and p are the electron and hole concentration, respectively, and
u, and p, are the mobility of electron and hole, respectively.

The mobility is related to drift velocity by the following equation [68]:

Vd

W= (2.23)
Where:
V4 is the drift velocity. So that we have [69]:
o = q(npy + py) (2.24)

This important relationship is connecting the conductivity with the
electron and hole concentrations and motilities [70].
The change of electrical conductivity with temperature for most cases of

intrinsic semiconductors is given by [70]:

—E
0 = 0, exXp (ﬁ) (2.25)

Where:

E.: is the electric activation energy
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T: is the absolute temperature
kg: Is the Boltzmann constant
G,: 1S the minimum electrical conductivity at OK.
The electrical resistance of the prepared films was determined as a
function of the substrate temperature and its value (Rg) is given for a

rectangular shaped sample [71]:

b.t
Poc = Re (2.26)
Where:-
b: the width of electrodes.
I: the distance between two electrodes .
1
Opc = —— (2.27)
Pp.c

Where
op.c . Is the conductivity of the thin film .

The activation energy (E,) which can be calculated using the equation
(2.25).

Then the exponential of the equation (2.25) is taken, it will be:

Op.c AE,
1 = — 2.28
n (O kBT ( )
AE
Inop ¢ = Ino, — — (2.29)

kyT

a

. AE; . .
Since : Ino, —==*  is numerical constant.
B
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2 .5 Heterojunction Solar Cells Photovoltaic

Heterojunction (HJ) it can be defined as the interface between two
different materials in the electron affinities, work function and the energy
band gap. Since two of the materials used to form the ( HJ) would be a
different band gaps energy. Can be classified the (HJ) to the sharp and
graded, depending on the distance by which the transition from one of the
material to other, as well as classification depends on the type of
conductivity on either side of the junction if two semiconductors have the
same type of conductivity then the junction is called isotype heterojunction
Such as (p-p),(n-n) otherwise it is called anisotype heterojunction Such as
(p-n),(n-p) [72,73].

Availability of conventional solar cells cheap and clean, which can help
reduce the world's dependence on oil. Currently, silicon solar cells have
the highest solar energy conversion efficiency of about 24%, however, the

offset efficiency by the high cost of production [74,75].

2.6 Photoelectric Current-Voltage (J-V) Characteristic

Many of the parameters are used to determine the characteristics of solar
cells, Figure (2.3) shows the J-V characteristics of solar cells in the dark and

under light.
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G
Dark \

y o s v
Tr \Voc >
Iph l«——— Light
Imax > /

Im, Vm
T

Figure(2.3): J-V characteristics of solar cell in dark and illumination [75].

The voltage and current in the fourth quarter are negative. This indicate
that the cell put out power, this is the important region of the solar cells. One
of the parameters is the short circuit current (Isc), which is defined as the
current flowing in the circuit when the load is shorted, is given by the
equation [75, 76].

Isc = Is[exp(qVoc/KT) + Voc/Rsnl (2.30)

Where:

. : is the short circuit current.

| : is the saturation current.

Rs 15 the shunt resistance.

The open circuit voltage (Vo), supplementary important parameter, is
the voltage output of the cell when the attached load is infinite and is given
by the relation [77]:

Voo = Ae(kpT/q) (Igc/Io + 1) (2.31)
where lois the dark current at the junction or inverse saturation current.

The expression for the whole current is :
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[ =L(e®/AksT — 1) — |, (2.32)
where (IL) is the light generated current. Each of (l,) and (A,) give us the
essential information on the predominant current transport mechanism in a
device.

There are a number of ways to get these standards, despite the fact that
there a more consistent method it includes the use of dark J-V curves. The
slope of the J-V curve gives the value of (A,), whereas the (y-intercept)
gives the value of (J,) (Jo is the current density) [78]. There are another
parameter of interest is the fill factor (F.F) given by the relation [79].

F.F = V1,/V,clsc (2.33)
where (I, , Vin) represented the maximum value of the current and voltages
respectively, they represent the maximum power point, (this is the point
where maximum power can be generated by the device) [79,80]. The
photoelectric conversion efficiency is also an important parameter. It is a
measure of the amount of light energy that is converted into electrical energy
and is given by :

Pm
N =57 x 100% (2.34)

1n

or.

_ VocXJse XEF
n= P (2.35)

where (P, is the maximum power, and (P;,) is the incident power [80,81].
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Chapter Three Experimental part

3.1 Introduction

This chapter deals with the basic knowledge of PMMA and P3;HT
preparation and spin coating technology, their work, film formation, and
factors leading to film growth. In the thin film deposition part, the procedure
starts with substrate cleaning, solution preparation and formation of PMMA
and polymer P3HT thin films. The spin-coating technology deposition on the
glass substrate used in this work is discussed in detail. This chapter involves
a description of all the instruments used in this work. Next is the discussion
of the details of the experimental setup for testing and researching the
performance of the solar cells developed in this chapter.

Considering new and improved optics, electronics, magnetic devices,
solar cells, and photovoltaics, thin film technology has revolutionized the
fields of optics, electronics, and magnetism. The advantages of thin-film
devices are low material consumption and flexible substrates [82].

3.2 Solutions Preparation

To prepare the solution, 0.1g of the PMMA was dissolved in 15 mL of
(Chlorophom), then the solution is placed on the magnetic mixer and stir
well to dissolve the material. Then, PsHT added is to a solution for the
purpose of mixing different proportions (0.02, 0.04 and 0.06) %, after that
the films were prepared by spin coating method the chemical materials used

in this work are listed in table (3.1).
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Table (3-1): The chemical materials used.

No. Chemicals Company supplied
1 Poly (methyl methacrylate) Sigma Aldrich
2 Chlorophom Bio solve
3 poly (3-hexylthiophene) Sigma Aldrich
4 Ethanol (99.98%) Bio solve
5 Si wafer SEH America
6 Glass Sigma Aldrich
7 Al (99.99%) Bio solve
8 Hydrofluoric acid (HF) Sigma Aldrich
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3.3 Spin Coating Method

Spin coating is a versatile and effective technique to polymer film it is an
attractive method to prepare a wide variety of powders and film materials for
various industrial applications. Polymers films have been deposited using
this technique. Spin coating opens up the possibility to control the film
morphology. The quality and properties of the films depend heavily on the
process parameters. A spin coating system, (model V T C-100) , this system
Is present in the laboratory of the Department of Physics, College of
Science, University of Babylon, employed to prepare thin films. The system
consists of several parts which have been arranged so as to make use of them
in the preparation of various films on various substrates. In this system the
thickness of the prepared films can be controlled by increasing or decreasing
the rotation speed of the system, where the increasing of the speed rotation
of the system the thickness of the films are decreasing and vice versa. Also
the homogeneity of the prepared films depends on the speed of rotation and
on the balance and stability of the system. Figure (3.2) shows the spin

coating system [62].

™\ applying the ' . repeating to prepare
\\_;\solventsolution - o - drying _)_)multilayerstructure
R
A\
v
®
'/\\_1 @@ E~—--—-———~-~<-—————-~ @@ : e ———
Substrate | wep | — ——)

G

Figure (3.2): Schematic of the spin-coating process [62].
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3.4 Substrates Cleaning

The cleaning of substrates is very important process because the
influences like oil or dust affect the properties of thin films, clean substrate

Is also essential to achieve good film adhesion.
3.4.1 Glass Substrate

It can be summarized the glass substrate cleaning as follow:

1- using detergent with water to remove any oil or dust that can be
attached to the substrate surface and then placed under distilled water
and rub gently.

2- Put in a clean beaker containing distilled water and then rinsed in a unit of
ultrasound for 15 minutes.

3- After this, step 2 is repeated by replacing the distilled water with
pure alcohol, which reacts with contamination such as grease and some
oxide.

4- Eventually, the slides are dried with blowing air, and then wiped with soft
paper.

3.4.2 Silicon Wafer

The silicon wafers are used as substrates to prepare the film solar cells
with area 1cm’® after cleaning it with the same way as above; these
substrates were chemically etched in dilute hydrofluoric acid with water
in a ratio of 1:10 to remove native oxide. That the silicon wafer used for
the PMMA-P;HT / Si heterojunction from n-type with the orientation
(100) and resistance (1-10) Q can be obtained it commercially.
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3.5 Solar Cell Manufacturing (Ohmic Contact)
The process is done by depositing a layer of aluminum with high
purity on the non-shiny silicon, then pour polymer on the other side and then

the deposition of gold poles with masks arranged in a circle.

3.6 Thin Films Characterization and Measurements
The measurements are listed below:

3.6.1 Thickness Measurement

Thickness is one of the most important thin film parameters since it
largely determines the properties of the film. The thickness of the films is
usually measured by monitoring the rate of the deposition during the coating
process. In our work, the thickness of the thin films was measured by the
optical method. This instrument is present to the University of Babylon /

Faculty of Basic Education. As shown in the Figure (3.3).

Alombda LIMF-10 Optical Thin Film Measurement

Figure (3.3): Optical thin film measurement system [61].
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3.6.2 Structural and Surface Morphological Properties

The structural properties of the films were study the morphology of
surface thin films was study by atomic force microscope (AFM), Fourier

Transforms Infrared Spectrometer (FTIR) and X- ray diffraction (XRD).
3.6.2.1 Atomic Force Microscope (AFM)

Atomic Force Microscope (AFM) micrographs with digital instruments
(Inc. BY2000) are taken to observe the surface roughness and topography of
deposited thin films. Typical data have been taken from AFM height images
include root mean square (RMS) roughness and grain size. It has three main
modes of mapping topography: contact, non-contact and intermittent contact
or tapping. The most important part of an AFM is the tip with its Nano-scale
radius of curvature. The tip is attached to a micro scale cantilever which
reacts to the Van der Waals interaction and other forces between the tip and
sample. This instrument is present in Islamic Republic Iran- Tehran

University. The schematic of AFM microscope is showed in Figure (3.4).

Set Point

Photo-diodes Amplifier

Feedback
X Piezo control

7/
=03

—

Electronic control unit

Figure (3.4): Photograph illustrates the AFM [58].
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3.6.2.2 Fourier Transforms Infrared Spectrometer (FT-IR)
Samples of (PMMA-P3HT) films are studied by Fourier Transfer
Infrared Spectroscopy (FT-IR), using Vertex 70 from broker company, (FT-
IR) instrument that found in University of Kufa/ College of Science,
Department of Chemical. The spectrums have recorded as a dispersion of the
sample in (potassium bromide) by (IR) disk as (1mg sample in 200 mg KBr)
with the scanning range from (500-4000) cm™ and the resolution of (1cm™).

The schematic of FTIR Spectroscope is showed in Figure (3.5).

% He-No (as laser
o=z 1\ = m
s * ~Beam splitter
Fixed mirror ‘
Gt
o / Sample chamber
| !
H BEs
¢
Movable mirror
R s Detector

Figure (3.5): Fourier transforms infrared spectrometer [58].
3.6.2.3 X-ray Diffraction (XRD)

X-ray diffraction (XRD) analysis is used to recognize the crystal
structure of thin films. When incident beam of (X-ray) diffracts from a mono
wavelength on film surface this will exhibit peaks on limit angels for each

material because of Bragg's reflection on parallel crystalline surface. Figure



Chapter Three Experimental part

(3.11) shows the (X-ray) diffractometer type (Shimadzu 6000) made in
Japan, the source of radiation is Cu (k) with wavelength (A=1.54060) A,
current (30) mA and voltage (40) kV. The scanning angle 20 is varied in the
range of (20 — 80) degree with a speed of (7) deg/min. This instrument is
present in Islamic Republic Iran- Tehran University. The schematic of X-ray

diffractometer is showed in Figure (3.6).

X-Ray Source

Monochromator

\ Countng

Splc AngleLimitng ~~ Detector
Polycapilary Optc

Collmator

Figure (3.6): X-ray diffraction system (XRD) [58].
3.6.3 Optical Measurements

A double —beam UV-vis 1800 Shimadzu spectrophotometer was used
to measure the absorption of PMMA-P;HT thin films in the range (400-
1200) nm. Where the sample is placed in front of the fallen rays, where they
fall perpendicularly on the sample, also is used as a sample of the same type
of glass as a reference to cancel the effect of the glass. The use of

transmittance and reflectance data to calculate the absorption coefficients of

> [a <
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the films in different wavelength, which have been used to determine the
band gap. This instrument is present in the laboratory at the University of
Babylon / College of Science, Department of Physics. The schematic UV-
VIS spectrophotometer is showed in Figure (3.7).

Single Beam Dispersive Spectrophotometer

/
'

Source Entrance

0

3.6.4 Electrical Properties

Monochromator

Figure (3.7): UV-VIS 1800 spectrophotometer system [61].

The electrical properties of the films were study by D.C electrical
conductivity.

3.6.4.1 D.C Electrical Conductivity Measurements

The direct D.C electrical conductivity of the deposited films is measured
in University of Babylon-College of Science- Department of Physics -Thin
Films Laboratory by using the circuit for measuring D.C conductivity shown
in Figure (3.8), which consists of electrical oven type (Memmert Lab Oven
UFB 400,400W) and Keithly model 2400, the sample is placed inside the
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oven and from oven control adjusted temperature to (373) K, the sample
connecting with Keithly by wire and adjusted on resistant scale. The
electrical resistivity of the prepared films was determined as a function of
the temperature and resistance value (R.) that is given for a rectangular
shaped sample by equation (2.26)[83]:

The activation energy (E,) which can be calculated using the reciprocal
values of equation (2.2°) then taken the logarithm for each side of equation

to get on activation energy [84]:

Thus, the activation energy is equal to the slope of the graphs relation
between (Inc) and inverted temperature (10%/T) multiplied by Boltzmann
constant in €V unit where [85]:
kg = 1.38 x 10723 J /K = 0.086 x 1073 eV/K

E,(eV) = Slope X kg(eV) (3.1)

Oven

Sy
\

Electrodes \

Sample

Keithley
Electrometer

Figure (3.8): Circuit for measuring D.C conductivity [86].
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3.7 Hlumination Current-Voltage Characteristics

The study was conducted of electrical and photovoltaic properties of
solar cells through an electrical circuit, which consists of the following
instruments D.C. power supplied of type (6291A), Micrometer type Keithley
177, Micrometer Dmm, Voltmeter and Halogen light with power (120 W).
This instrument is present in the laboratory at the University of Basra /
College of Science.
3.8 The Short Circuit Current and Open Circuit Voltage

Measurements

The short circuit current (ls) is measured when the resistance (R) is zero.
The voltage are also (0), while the open circuit voltage (V,.) is measured
when the resistance value (R) is close to the infinity («), where the total
current is zero. The short circuit current (l.) and voltages (Vo) are measured

under illumination as in the following circuit, figure (3.9).

, Incident light Incident light
<
N N
A [ Y ©

Figure(3.9): Circuit diagram of (a) the short - circuit current (b) the open — circuit
voltage[85].
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Chapter Four Results, discussion, conclusions, and suggestions

4.1 Introduction

In this chapter, the results and the analysis of the experimental measurements
and tests of structural, optical, electrical, solar cell properties of the deposited thin
films are displayed in this chapter.

The structural properties of the PMMA and PMMA:P;HTare covered by the
study of optical microscope FT-IR, AFM and XRD. The optical properties are
studied, the optical energy gap and some other parameter such as absorption
coefficient, refractive index, extinction coefficient, both real and imaginary part
of the dielectric constant as a function of wavelength are determined, and the
electrical properties involve the D.C conductivity are also studied. Some
important factors of solar cell characteristics will be investigate here, the find
parameters of solar cell, short circuit current, open circuit voltage, and fill factor

and conversion efficiency.
4.2 Structural Properties of PMMA-P;HT

In this section, we studied the effect of PsHT adding on the structured and
surface morphology properties for PMMA thin film on glass substrate. The
overall crystallinity and purity of the as-synthesized samples were investigated by
X-ray powder diffraction (XRD) and morphological by atomic forces microscope
(AFM).

4.2.1 Fourier Transformation Infrared (FT-IR) Analysis

The polymers (PMMA and P3;HT) powder of were analyzed using Fourier
transform infrared spectroscopy (FTIR, Bruker IFS 66V/S). The FTIR spectra of
PMMA reveals the functional groups that are present. In the PMMA that has been
synthesized due to the presence of ester, a strong intensity peak at 1521cm™
developed. Vibration stretching of the carbonyl group C-O (ester bond) stretching

vibration is responsible for the broad peak extending from (1400 to 1000) cm™.
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C-H bending causes the wideband from (950 to 650)cm™. Because of stretching
vibration's existence, the broad peak ranges from (3500 to 3800) cm™. The FTIR
spectra of PMMA powder are essentially similar, with no notable alterations in
line locations, suggesting a non-wetting polymer particle interfacial surface, as
shown in Figure (4.1). The results showed that the active groups of the polymer
match its chemical composition. This results is a good approximation with the

results of the researcher[87].
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Figure (4.1): FTIR spectra for PMMA.

FTIR research confirms the molecular composition of the produced
polymer. The FTIR spectrum revealed all of P;HT distinctive peaks Figure (4.2).
C—H vibration in the aliphatic chain of hexyl groups causes peaks at 2800 cm™
and 3000cm™. The peak's intensity is vital due to the polymer's large
concentration of carbon-hydrogen bonds. The signal at 1460.6 cm™ can be used

to identify the thiophene ring. A peak at 1079.0 ¢ confirms the presence of C—H
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in the aromatic ring. This results is a good approximation with the results of the
researcher [88,89].
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Figure (4.2): FTIR spectra for P3HT.

4.2.2 Atomic Force Microscope (AFM) Analysis
To study the surfaces of film materials deposited important to recognize how
the distribution and arrangement of atoms on surfaces, and get to know the
differences or homogeneity properties or attributes relating to each atom
separately, can through microscopic analysis AFM to study the effect of the
parameters (thickness, concentration,
method of preparation,...etc.) on the properties of film material deposited. As
well as analysis of the AFM can calculate the thickness of film, roughness and
grain size, and gives an illustrative picture of the distribution of the particle size
of the crystal on the surface rate [90].
The atomic force microscope (AFM) scan's graphic scanning range has
dimensions (5um x 5um). To give a detailed and comprehensive description of

the topography of the prepared membrane surfaces, the vertical and horizontal
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dimensions of the cover provide a complete description of the Nano-geometric
structure of the films [91,92]. The vertical surface dimensions were described
from the three-dimensional (3D) images of the surface topography represented by
Figures (4.3-4.7) of PMMA films and P;HT films at concentrations (0.02, 0.04,
0.06), respectively, where we note topographic surface and appearance of grains
formed on the surface of the films, and from these images, we found that surface
thickness equal (83.540) for pure PMMA, (116.860) for pure PsHT, (21.3029,
19.05161, and 70.645) nm for concentrations (0.02, 0.04, 0.06)% of P3HT, this
values represents the thickness of the films surface roughness, which account for
the highest crystalline granular tops on the surface, also we note regularity in the
grow film and we note that granules with a vertical arrangement on the crystal
axis and equal heights. According to the following parameters:

Root Mean Square: The surface roughness factor is essential because it provides
an idea of the surface quality and grain growth. The value of the mean square root
represents the ratio of surface roughness, which is equal to the root square of the
sum of the Height and depression of the surface divided by their sum. and can
take advantage of that in how to get the morphology of the surface the films
according to the required applications. From the AFM assays, the average
roughness was (1.58nm) for pure PMMA, (2.538) for pure PsHT films and
(1.178, 2.287, 4.47)nm for PMMA\ P;HT films with concentrations (2, 4, 6)%,
respectively.

Maximum Height: This Height represents the amount of growth of
nanoparticles. The peak values were (45.62nm) for pure PMMA, (20.763) for
pure PsHT films and (14.29, 17.55, 28.88) nm for P;HT films at concentrations
(2, 4, 6) % respectively.
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As for the horizontal dimensions of the surface, they were determined from the
three-dimensional (3D) images of the total surface topography and the
appearance of the formation of grains formed on the surfaces of the membranes
and represented in Figures (4.3- 4.7) according to the following parameters:
Skewness: The deflection amounts were (-0.361580) for pure PMMA films,
(-0.190833) for pure PsHT films, and (1.02184, 0.597299, 1.2961) for PMMA:
PsHT films at concentrations (0.02, 0.04, 0.06)% respectively.
Surface Area: It is known that increasing the surface area of nanoparticles gives
them distinctive properties. The increase in the surface area was 5.62nm) for pure
PMMA films, (2.569) for pure PsHT, and (2.789nm, 3.011nm, 4.446nm) for
PMMA\P;HT films at concentrations (0.02, 0.04, 0.06)%, respectively. These
results are a good approximation with the results of the researcher [92].

Figures (4.3 - 4.7) shows the typical surface AFM images of pure PMMA,
pure P;HT and PMMA:P;HT thin films, and results show that:

The root mean square, roughness average and the surface thickness
increasing with increasing of PMMA: PsHT wt.%. As we note regularity in the
grow film and note that granules with a vertical arrangement on the crystal axis

and equal heights.
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Figure(4.4): 3-D images of the prepared thin films for cons.(0.02)P3HT.
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Figure(4.5): 3-D images of the prepared thin films for cons.(0.04)PsHT.
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Figure(4.7): 3-D images of the prepared thin films for pure P;HT.

Table (4.1): Results of AFM assays for pure PMMA and PMMAN\P3HT films.

Root Mean | Roughness Surface Surface

Sample Seqaure average Area Thickness

(nm) (nm) (nm) (nm)

Pure PMMA 1.580 2.70 5.620 83.540
Pure PsHT 2.538 5.03 2.569 116.860

0.04 2.287 . 3.011 19.0516
- 4.470 . 4.446 70.645

PsHT
’ ﬂ 1.178 . 2789 21.3029
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4.2.3 X— Ray Diffraction (XRD) Analysis

The structural information and crystallinity of PMMA and its doping can
be deduced from XRD of the samples. The XRD patterns of, PMMA and
PMMA:P;HT at different doping ratio (0.02, 0.04 and 0.06)% are shown in
figures (4.8 — 4.10) respectively.
The results of XRD assays using Cu - 0.15406 nm laser source showed the purity
and perfect amorphous of the pure PMMA, but pure PsHT were polycrystalline
thin films. For the sample pure PMMA, four distinct peaks appeared at (20° =
13.24, 15.95, 31.05, and 35.11) at the levels, (111), (002), (112), and (221)
respectively and the prevailing trend of growth is (111) as shown in the figure

(4.8). And these results are an agreement with the results of the researcher

[93,94].
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Figure (4.8): XRD Pattern of Pure PMMA.

So, for the sample pure PsHT, four distinct peaks appeared at (26°= 13.67, 19.46,
25.11 and 36.02) at the levels, (100), (200), (300), and (020), respectively and the
prevailing trend of growth is (100) as shown in the figure (4.9). And these results

are an agreement with the results of the researcher [95].
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Figure (4.9): XRD Pattern of Pure P;HT.

So, for the sample mixture of PMMA and PsHT by weight (0.02,0.04 and
0.06), three distinct peaks appeared at (20° = 13.03,25.05, and 26.04) at the plans,
(011), (110, and (121), respectively and the prevailing trend of growth is (011) as
shown in the figure (4.10). And these results are an agreement with the results of

the researcher [96].
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Figure (4.10): XRD Pattern of PMMA : P3HT.
(A) Wt: 0.02% (B) Wt: 0.04% (C) Wt: 0.06%.
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The crystal size of the prepared samples was estimated using equation (2.2),

as well as the d- spacing were calculated using Bragg's law of diffraction, and full

width at half maximum (FWHM) and other parameters shown in the table (4.2):

Table (4.2): XRD parameter for prepared films.

Sample (hkl) 20° 0° FWHM d-spacing Crys. Size
(rad) (nm) D (nm)

(011) | 13.03469 | 6.517345 | 0.13515 6.786545568 59.16361522

0.02 (110) | 25.05016 | 12.52508 | 0.15093 3.551947472 53.91879014
(121) | 26.04648 | 13.02324 | 0.15964 | 3.418295111 51.0775538

(011) | 13.06469 | 6.532345 | 0.14515 6.771029204 55.08923201

0.04 (110) | 25.07016 | 12.53508 | 0.13093 3.549159166 62.15747855
(121) | 26.06648 | 13.03324 | 0.13964 | 3.415717702 58.395517

(011) | 13.02469 | 6.512345 | 0.15515 6.791733608 51.53646737

0.06 (110) | 25.04016 | 12.52008 | 0.14093 3.553343309 57.74359798
(121) | 26.03648 | 13.01824 | 0.16964 | 3.419585314 48.06564572

(111) | 13.24719 | 6.623595 | 0.36777 6.67815544 21.74639224

Pure PMMA || (002) | 15.95581 | 7.977905 0.26819 5.550063171 29.91136106
(112) | 31.05672 | 15.52836 | 0.29477 2.877310158 27.97183192

(221) || 35.11887 | 17.559435 | 0.29756 2.55324117 28.00291782

(100) | 3.67409 | 1.837045 | 0.3790 4.02908022 20.97196343

Pure PsHT | (200) || 9.46142 | 4.73071 0.37094 9.340062093 21.48985047
(300) || 15.11738 | 7.55869 0.30736 5.855937967 26.07341521

(020) | 26.02172 | 13.01086 | 0.38401 3.421491482 21.23281527
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4.3 Optical Properties of PMMA-P;HT

In studying the variation of absorbance spectrum, transmittance and
reflectance is used UV-Vis spectrophotometer in the region of (200-600) nm for
these films, we can calculate absorption coefficient and allowed and forbidden
energy gap for direct and indirect transitions. Optical constants, which including
refractive index, excitation coefficient and dielectric constant were calculated.
4.3.1 Absorbance Spectrum

Optical absorption spectra depend on the chemical composition, crystal
structure, energy of the incident photon, film thickness, and film surface
morphology. Figures (4.11 - 4.12) displays the variation of absorbance spectra
with wavelength from (200-600) nm of the PMMA and PMMA-P;HT thin films.
It can be noticed from the figure that the absorbance for all films have a high
values at wavelength in the neighborhood of the fundamental absorption edge
(380nm), then the absorbance decreases with increasing of wavelength.

From the Figures (4.11, 4.12) the absorbance of films has medium values in
the visible and UV-VIS region. This behavior can be explained as follows: at
large wavelength the incident photons do not have enough energy to interact with
atoms, the photon will be transmitted. When the wavelength decreases, the
interaction between incident photon and material will occur, and then the
absorbance will increase [40]. In other words, the incident light is absorbed by
the free electrons. Consequently, by the increase of the weight percentages of

PsHT, absorbance is increased. These results are in agreement with [25, 31].
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Figure (4.11): Absorbance spectrum as a function of wavelength
for PMMA thin films.
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Figure (4.12): Absorbance spectrum as a function of wavelength
for PMMA:P3HT thin films.
4.3.2 Transmittance Spectrum

The transmittance of the PMMA and PMMA-P;HT thin films are shown in
Figures (4.13 - 4.14). It is clear from this figure that the transmittance spectrum
of all thin films increases with the increasing of wavelength (A). On the other

hand, the transmittance spectrum decreases with the increasing thickness and this
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Is due to the decrease of the surface roughness promoting the decrease of the

surface scattering of the light. These results are in agreement with [31,97].
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Figure (4.13): Transmittance spectrum as a function of wavelength

for PMMA thin films.
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Figure (4.14): Transmittance spectrum as a function of wavelength for

PMMA:PsHTthin films.
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4.3.3 Reflectance Spectrum

Figures (4.15 - 4.16) show the reflectance as a function of wavelength of
the PMMA and PMMA-PsHT thin films, the incident photon with the
variation of different thickness. The reflectance’s has rapidly decreases with
the increase of incident photon wavelength of all films and reach the
maximum reflectance value at the wavelength corresponding to the film

energy gap and it can be an indicator to the material absorption edge. These
results are in agreement with [97,98].

0.25

w— 105 nm

— 04 0N

0.2 4 =

0.15 -

Reflectance (R)

0.05 A

200 300 400 500 600
Wavelength 2 (nm)

Figure (4.15): Reflectance spectrum as a function of wavelength
for PMMA thin films.
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Figure (4.16): Reflectance spectrum as a function of wavelength
for PMMA: P;HTthin films.

4.3.4 Absorption Coefficient

The absorption coefficient o (cm™) is calculated by using equation (2.8).
Figures (4.17 - 4.18) shows the absorption coefficient o (cm™)as a function of
wavelength for the PMMA and PMMA:P;HT thin films. It can be seen that the
absorption coefficient the smallest at large wavelength and low energy, this
means that the possibility of electron transition is little because the energy of the
incident photon is not sufficient to move the electron from the valence band to the
conduction band.

From Figures (4.17 - 4.18) at high energies, absorption is bigger, this means
that there is a great possibility for electron transitions. Consequently, the energy
of incident photon is enough to move the electron from the valence band to the
conduction band, the energy of the incident photon is greater than the forbidden
energy gap, it is expected that indirect transition of electron occurs, and the

electronic momentum is maintained with the assistance of the phonon, among
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other results is that the coefficient of absorption is less than (10* cm™) at low

concentrations. These results are in agreement with [99,100].
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Figure (4.17): Absorption coefficients as a function of wavelength
for PMMA thin films.
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Figure (4.18): Absorption coefficients as a function of wavelength
for PMMA:P3HT thin films.
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4.3.5 Optical Energy Gaps of the (Allowed and Forbidden) Indirect
Transition

Both the allowed and forbidden indirect transition band optical energy gap
have been calculated by using equation (2.18).When the value of r = 1/2, the
allowed indirect transition band optical energy gap is calculated, but when the
value of r =2/3, the forbidden indirect transition band optical energy gap is
calculated. Figures (4.19- 4.20) show the relation between absorption edge
(ohv)"? for PMMA and PMMA-P;HT thin films as a function of photon energy,
on drawing straight line from the upper part of the curve toward the (x) axis at

the value (athv)?

=0 we get the optical energy gap for the allowed indirect
transition. The obtained values are shown in table (4.3).We can see that the
values of optical energy gap decrease with the increasing of the weight
percentages. This attributed to the creation of site levels in the forbidden optical
energy gap; the transition in this case is conducted in two stages that involve the
transition of electron from the valence band to the local levels to the conduction
band as a result of increasing the weight percentage. This behavior is attributed to
the fact that films are of heterogeneous type (i.e. the electronic conduction
depends on added concentration), the increase of the weight percentage provides
electronic paths in the polymer which facilitates the crossing of electron from the
valance band to the conduction band, which explains the decrease of optical
energy gap with the increase of the weight percentage of PMMA and

PMMA:PsHT. These results are in agreement with  [30, 101].
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Figure (4.19): (chv) Y2 as a function of hv for PMMA thin films.
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Figure (4.20): (ahv) Y2 a5 a function of hv for PMMA-P;HT thin films.
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Table (4.3): The values of optical energy gap for the allowed and forbidden indirect

Table (4.4): The values of optical energy gap for the allowed and forbidden

transition for PMMA thin films.

Thickness Eq(eV) Eq(eV)
nm allowed forbidden
105 3.745 3.213
84 3.818 3.514
54 3.91 3.708

indirect transition for PMMA:PsHT thin films.

Thickness Eq(eV) Eq(eV)
nm allowed forbidden
105 2.699 2.554

84 3.211 2.921
54 3.325 3.112

4.3.6 Refractive Index

The refractive index depends on many parameters of the type material and
crystalline structure, the variation of the refractive index versus wavelength in the
range of (200-600) nm for PMMA and PMMA:PsHT thin films at different
thickness are shown in Figures (4.21-4.22). It can be noticed from this figure the
refractive index (n) value increases when thickness increases. This behavior can
be explained on the basic of that increases thickness leads to make prepared
samples less dense (decreasing the packing density) and the change in crystalline
structure, which in turn increases propagation velocity of light through the sample
which results decreasing of the refractive index (n) values. The shape of the

refraction index curve for different parameters is similar to the reflectivity curve
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because the reflectance is associated with refraction index according to the same

relationship. These results are in agreement with [102].
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Figure (4.21): Variation of refractive index as a function of wavelength for

PMMA thin films.

w— 105
— Ay
| S— Y
Z
; —”_‘_’-F’-'_'_’_‘
=
= a
£
= g
=
200 300 400 500 600 700 800
Wavelength 2 (nm)

Figure (4.22): Variation of refractive index as a function iof wavelength for
PMMA:P3HT thin films.

4.3.7 Extinction Coefficient
The extinction coefficient (k,) is calculated by using equation (2.11),
represents the amount of absorption energy in the thin film material, which means

the attenuation of an electromagnetic wave that is traveling in a material. The
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values of (k,) depends on the density of free electrons in the material and also on
the structure defects. The relationship between extinction coefficient and
wavelength of deposited PMMA and PMMA:P;HT thin films is shown in Figures
(4.23, 4.24). In general, it is clear that the extinction coefficient (k,) change with
the increasing of wavelength () for all prepared samples. The extinction
coefficient (k,) decreases with the decreasing of thickness for all prepared
samples. In general, the behavior of (k,) similar to the behavior of a. This is
attributed to the same reason mentioned previously, since the increasing of
thickness decreases the optical energy gap as a result of absorbance increment.

These results are in agreement with [103,104].
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Figure (4.23): Extinction coefficient as a function of wavelength for

PMMA thin films.
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Figure (4.24): Extinction coefficient as a function of wavelength for
PMMA:PsHT thin films.

4.3.8 Real and Imaginary Part of Dielectric constant

The real and imaginary complex dielectric constant (g, &) for PMMA and
PMMA-P;HT thin films have been calculated from equations (2.15) and (2.16),
respectively. The Figures (4.25, 4.26) show the change of (g;) as a function of the
wavelength. It can be seen that (g,) considerably depends on (n°) due to low value
of (k,°) so, the real dielectric constant increased with the increase of the thickness
and it is smallest at high wavelength. Figures (4.27, 4.28) show the change of (g;)
as a function of the wavelength. It can be seen that (g;) is dependent on (ko)
values that change with the change of the absorption coefficient due to the

relation between (o) and (k,). These results are in agreement with [104, 105].
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Figure (4.25): Real dielectric constant as a function of wavelength for
PMMA thin films.
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Figure (4.26): Real dielectric constant as a function of wavelength for
PMMA:PsHT thin films.
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Figure (4.27): Imaginary dielectric constant as a function of wavelength for
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4.4 Electrical Properties of PMMA and PMMA-P;HT

The bulk electrical conductivity oq, IS calculated for the prepared films by using
equation (2-20). The detailed results of these properties are:
4.4.1 The D.C Conductivity and Activation Energy

In Figure (4-29) show us the behavior of electrical conductivity of the
samples with the temperature. We note that the electrical conductivity increase
with increasing temperature that means has a negative thermal coefficient of
resistance .the interpretation of this is that the polymeric chains and P3;HT
particles act as traps the charge carriers which transited by hopping process. On
increasing the temperature, segments of the polymer being to move, releasing the
trapped charges. The released of trapped charges is intimately associated with
molecular motion. The increase of current with temperature is attributed to two
main parameters, charge carriers and mobility of these charges, and therefore the
increase of temperature will increase the number of charge carriers exponentially.
The mobility depends on the structure and the temperature these results are in
agreement with [27,106]. The conductivity increases with increasing the

proportion of doped as shown in Table (4-4).
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Figure (4.29): Variation of D.C electrical conductivity with temperature
for PMMA:P;HT.

Table (4.5) Values of conductivity with concentration of
PMMA:PsHT wt.% .

PMMA/PsHT wt.% Gac (. cm)™?
Pure PMMA 0.547
0.02 PsHT 0.690
0.04 PsHT 0.835
0.06 PsHT 1.190
Pure PsHT 1.253

Figure (4.30) show the relation between Inc and the inverse absolute

temperature for PMMA-P;HT. The activation energy was calculated by using
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equation (2.25), and from these calculation, it can be seen that the high value
existence for the activation energy in state of pure(PMMA) , and by adding
weight ratios (PsHT) the value of activation energy are decreasing for all
(PMMA:P;HT) Thin films as shown in Figure (4-30). The activation energy
decreases with increasing the proportion of doped as shown in Table (4.5) , This
can be explained that increasing the proportion of impurities led to the approach
of the Fermi level more towards the conduction band. This is consistent with the

findings of the researcher [107,108].
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Figure (4.30):Variation of D.C electrical conductivity with inverse absolute
temperature for PMMA:P;HT.
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Table (4.6): Values of activation energy with concentration of

Results, discussion, conclusions, and suggestions

PMMA:P;HT.
(PMMA:P5HT) wt.% Ea (V)
Pure PMMA 0.747
0.02 PsHT 0.439
0.04 P;HT 0.964
0.06 P;HT 0.839
Pure PsHT 1.142

4.5 J-V Characteristic of PMMA-P;HT Heterojunction Under

Dark and IHluminated Conditions

Poly (methyl methacrylate) (PMMA) is one of the organic polymer that are
widely using because of their applications in solar cells. It was obtained
anisotype n-p heterojunction (HJ) by (PMMA: PsHT/n- Si ) where (PMMA:
PsHT) are p-type and (Si) is n-type. The (J-V) Characteristics of (pure PMMA)
solar cell devices in dark and Xenon illumination with intensity of 200mW/cm?,
Is shown in Figures (4-31).The open circuit voltage V. is about (0.36V) at short
circuit current Js. about (11.6mA/cm). The fill factor (F.F) is about (0.62) and the

efficiency (1) is about(2.6%).
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Figure (4.31): J- V characteristic for PMMA/ Si solar cell.
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Figure (4.32): J- V characteristic for PsHT/ Si solar cell.

When doping with( PsHT) , the results showed an increasing in the value of the
efficiency with an increasing in the ratio of doped , as in Figures(4.32 — 4.35).

Where the efficiency increases from (3.58) with the ratio of doping (0.02) to (6.1)



Chapter Four Results, discussion, conclusions, and suggestions

by the ratio of doping (0.06) as in Table (4.6). This is consistent with the
findings of the researchers [109].
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Figure (4.33): J- V characteristic for PMMA: 0.02 PsHT / Si solar cell.

40

30 4

dark

J(mA/em?)
b1

[
o

Illumination

-30

Figure (4.34): J- V characteristic for PMMA: 0.04 P3HT / Si solar cell.
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Figure (4.35): J- V characteristic for PMMA: 0.06 P;HT / Si solar cell.

Table (4.7) The results of the J-V for PMMA-P3;HT thin films at different concentration.

Jsc Voc Jimax V max F.F I
Devices based on | (mA/cm?) (V) (mA) (V) (%) | (%)
con.

Pure PMMA 11.6 0.36 10 026 | 0.62 | 2.6
Pure PsHT 14.9 0.44 11.2 0.32 0.54 | 3.58
0.02% PsHT 15.5 0.5 12 035 | 054 | 4.2
0.04% PsHT 14.9 0.68 11 049 | 052 | 53
0.06% PsHT 155 0.88 10 0.61 044 | 6.1
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4.6 Stability of Cell Efficiency with Change of Time
For the purpose of proving the stability of cell efficiency with the change of
time, the efficiency was measured for two months November in 2021 and March

in 2022 for ten days measure it the results were identical for these two months
with less different ratios, as shown in Figures (4.35and 4.36) .
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Figure(4-36): J-V characteristic for PMMA: 0.06 P;HT/ Si solar cell in 1 ten days

in November.
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Figure (4-37): J-V characteristic for PMMA : 0.06 PsHT/Si solar cell in 1** ten days
in March.

77



Chapter Four Results, discussion, conclusions, and suggestions

30 -

20 -

J(mA/ecm?)

[ T T T

-11 -09 -0.7 -05 -03 -0.1| 0.1

-20 -

-30 -

Figure(4-38): J-V characteristic for PMMA: 0.06 PsHT/Si solar cell in 2™ ten days
in March.
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Figure (4-39): J-V characteristic for PMMA:0.06 PsHT/Si solar cell in 3% ten days in
March.
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4.7 Conclusions

In the light of these results and facts which have been mentioned

previously in this work, adding process is very useful and important to enhance

applications characteristics. Based on results presented in this work, we

conclude the following points:

1.

Spin coating technique is a good technique in the preparation of thin films

and a preferred method in polymers with low molecular weights.

. It is found through a study of XRD that these polymers polycrystallinity.

. Study showed of AFM all films the roughness increased with increasing the

ratio of doped a for the films surface morphology.

. The addition of poly (3-hexylthiophene) to (PMMA) led to the improvement

optical properties, these led to wide used in devices.

. The optical study appear that the PMMA:P;HT thin films were highly

absorbed with an indirect type of transition. The value of optical energy gap

(Ey) was found decreased with increasing of doping ratio.

. The results of the electrical properties showed that the -electrical

conductivity increases with increasing of doping ratio.

. The prepared of thin films has one activation energy and this energy

decreased with increasing of doping ratio.

. Efficiency increases with increasing the rate of concentration PMMA:P;HT

and the change in the time factor does not effect on the efficiency of the

solar cell.
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4.8 Suggestion for Future Works
Based on the data and the results obtained, we must mention some of the
proposals for future work that could serve as future research:

1. Study the effect of poly (3-hexylthiophene) on the mechanical and thermal
properties of poly (methyl methacrylate) and used as pyroelectric materials.

2. Irradiation of the pure and doped poly (methyl methacrylate) by y- Ray
and study the change in their properties.

3. Using the produced poly (methyl methacrylate) in practical application
such as: cancer treatment and antibacterial reagent.

4. Study the effect of frequency and relative humidity on the capacitance of
PMMA and PMMA-P;HT thin film as humidity sensors application.
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