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Abstract

This project discusses the "Self-Consistent Method (SCF)" to solve the many-
electron systems. Thereby we could obtain information about the electronic prop-
erties and structural behaviour of materials. All the numerical methods that is
discussed in this project is solved using "Python" programming language. Initially
we dealt with "Particle in a Box" problem using "Method of Finite Differences"
and then switched to many-electron systems such as helium and silicon atoms. The
radial probability distribution of helium and silicon atom is briefly analysed using
SCF method . But this method have certain limitations due to lack of high accuracy
to deal with complex molecules. So we required advanced technologies to overcome
these difficulties.
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ABSTRACT 

Flexible transparent electronics is the new emerging field of interest where thin films with optical 

transparency and electrical conductivity play major role. Transparent conducting oxide (TCO) thin 

films such as indium doped tin oxide, tin oxide doped with fluorine, zin oxide doped with (In, Al), 

etc. are currently using for such purposes. Proper evaluation of TCO films coated on flexible sheets 

need to be anlaysed before going for commercialisation. The consistency in the electrical 

resistance is one of the important properties that must be optimised. In this work, developed a 

simple method for the estimation of resistance variation of such films coated on flexible sheets. 

The doped zinc oxide films coated on two substrates, on easily available over head project (OHP) 

sheet and on the standard polyethylene terephthalate (PET) sheet were used for the study. The 

variations of electrical resistance, on bending the flexible sheets in tensile and compressive modes 

for several cycles, were systematically investigated. The resistance variation measurements were 

done with a Keithley make electrometer.  The results were explained on the basis of the structural 

and morphological features. The morphological analysis by recording the scanning electron 

microscope images confirmed the formation of cracks in coated sheets on bending deformation. 

The results revealed that the film coated on PET sheet had better electrical properties. Finally, to 

establish simple practical applications, these highly conducting films on OHP an PET sheets were 

used as invisible electrical contacts for lighting LED. This study confirmed that the variation of 

resistance in each mode of bending is not affecting much on the intensity of light from the LED. 
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ABSTRACT

The project entitled ”NEAR FIELD DISTRIBUTION STUDIES OF SRR

AND BCSRR” presents the resonance and field distribution studies of Split ring

resonator and Broadside coupled split ring resonator using HFSS simulation soft-

ware.

Metamaterials are artificially constructed structures which have negative permit-

tivity and permeability values showing exotic properties. Split ring resonators

and Broadside coupled Split ring resonators are a type of metamaterial which

have negative permeabilty value. Their resonance frequency changes due to vari-

ation in structural parameters and by introducing dielectrics to their near field.

This sensor property of SRR and BCSRR is analysed using HFSS software.

This dissertation is divided into four chapters. The first chapter is the introduc-

tion to the concept of metamaterials. The second chapter includes the theory

of Split ring resonator and Broadside coupled Split ring resonator and describe

simulation techniques used for study. The third chapter contain the experimental

details, results and analysis including graph and simulated figures and the fouth

chapter contain the conclusion.
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ABSTRACT 

 

The project discusses about the different types of variable stars, their classification and  with 

an emphasis on the Mira type variable stars and the eclipsing binaries. The light curve analysis 

of 8 different Mira type variable stars is done. The star data is collected from ASAS . The period 

of each star has been found out using ‘Period04’ software. The modeling of Eclipsing binary 

stars is done using the Starlight Pro software. The star data is collected from ASAS. The star 

parameters such as inclination, mass ratio, temperature and pole radius are found using the 

software. 
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Abstract 

Sleep can be regarded as reduced awareness and responsiveness. It is a naturally initiated 

biological process. Sleep is controlled by brain. Sleep helps brain to gain energy after working 

for a day. Sleeplessness cause lack of energy and cause sleep disorders. Brain activities can be 

studied by using electroencephalogram [EEG]. Analysis of EEG patterns during sleep helps to 

understand quality and architecture of sleep, identify sleep disorders, and study the different 

stages of sleep. Nonlinear approaches provide clear understanding of dynamic nature and 

irregularity of EEG signals. Cross permutation entropy is a nonlinear approach used to analyze 

the synchronization of EEG signals in different brain region. This helps to study the 

coordination of brain regions during sleep. In this project it is aimed to evaluate the efficiency 

of cross permutation entropy in diagnosing different sleep disorders. An effective sleep disorder 

diagnosis can provide early detection of sleep disorders and can provide effective treatments. 

 

  



7 

 

TABLE OF CONTENTS 

1. INTRODUCTION………………………………………………....8 

2. ELECTROENCEPHALOGRAPHY………………………….….10 

2.1. The 10-20 system…………………………………………..........................11 

2.2. Wave pattern of EEG…………………………………….............................13 

3. SLEEP …………………………………………...............................14 

3.1 EEG analysis of sleep ………………………………………........................15 

3.2 EEG in sleep………………………………………………………………...16 

3.3 Sleep stages………………………………………………………………….16 

4. SLEEP DISORDERS………………………………………………18 

5. NONLINEAR TIME SERIES ANALYSIS……………………….20 

5.1 synchronization………………………………………………………………21 

6. METHODOLOGY AND DATABASE…………………………………23 

6.1 Permutation entropy…………………………………………….....................23 

6.2 Cross permutation entropy……………………………………………………24 

6.3 Database………………………………………………………………………25 

4.3 Methodology………………………………………………………………….26 

7. RESULTS............................................................................................................27 

8. CONCLUSION………………………………………………………..............37 

9. APPENDIX ……………………………………………………………………38 

10. REFERENCE……………………………………………………………………......42 

 

  



1 

 

SIMULATION STUDIES ON N719 DYE 

SENSITIZED SOLAR CELLS 

 

Project report submitted to the 
 

DEPARTMENT OF PHYSICS 
 

CHRIST COLLEGE (AUTONOMOUS), IRINJALAKUDA 
 
 

 

In partial fulfilment of the requirement for the award of the degree of 
 

MASTER OF SCIENCE IN PHYSICS 
 

Submitted By 

RIYA.P.DAVIS 
 

REG NO. CCAVMPH013 
 

Under The Supervision Of 
 

Dr. SUDHEER SEBASTIAN K  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DEPARTMENT OF PHYSICS 

 CHRIST COLLEGE (AUTONOMOUS), IRINJALAKUDA 

JULY 2023 
 



2 

 

CERTIFICATE 

 

This is to certify that the project work entitled “SIMULATION STUDIES ON N719 DYE 

SENSITIZED SOLAR CELLS” is a bone fide work done by Ms. RIYA.P.DAVIS (REG No. 

CCAVMPH013), Department of physics, Christ college (Autonomous) Irinjalakuda in partial 

fulfilment of the requirements for the award of Degree of Master of Science in physics under the 

university of Calicut. 

 
 
 

 

          

 

             Dr. SUDHEER SEBASTIAN K. 
 

     Professor 
 

     Department of Physics 

Place: Irinjalakuda 
 
Date:  

 
     Christ College (Autonomous) 
 
    Irinjalakuda 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3 

 

DECLARATION 
 
 
 

I RIYA. P. DAVIS, hereby declare that the work presented in this report entitled “SIMULATION 

STUDIES ON N719 DYE SENSITIZED SOLAR CELLS” is based on the original work done 

by me under the guidance of Dr. Sudheer Sebastian K, Professor, Department of physics, Christ 

College (Autonomous), Irinjalakuda and has not been included in any other thesis submitted 

previously for the award of any other degree. 

 
 
 
 
 
 
 

Place: Irinjalakuda                                            

Date:                                 

 

 

 

 
 
 

 RIYA.P.DAVIS 

 REG NO: CCAVMPH013 

 

 

                               

                     

                                                 

                                  

 
 
 
 
 
 
 



4 

 

ACKNOWLEDGEMENTS 
 
I take this opportunity to express my deep sense of gratitude and extend my thanks to all the people 

who have inspired and motivated me during my course and project. 

 

Firstly, I would like to acknowledge the motivation and guidance given by my project advisor and 

Head of the Dept. Dr. SUDHEER SEBASTIAN K, Dept. of physics, Christ College 

(Autonomous) Irinjalakuda, throughout my project. 

 

I heartily thank Dr. Shaju K Y, Dept. of Physics, Christ College Irinjalakuda, for providing me 

with the necessary support to carry out my project work. 

 

My special thanks to Ms. DENET DAVIS, Research scholar, Dept. of Physics, Christ College 

Irinjalakuda, for her valuable and sincere help at every stage right from the starting till the 

completion of my project. 

 

I am thankful to all my classmates, teaching and non-teaching staff of the Dept. of Physics. I am 

indebted to my family for their constant source of inspiration. 

 

I thank God, Almighty, who always with me, and I am always in need of his blessings all my life 

time. 

                                                                                                               RIYA.P.DAVIS 

 

 
 
    
                                                                                                                                              

 

 

 

 

 

 

 
 



5 

 

ABSTRACT 

 

Dye sensitized solar cells is a type of thin film solar cell which have been of great interest due to 

their low cost and ease of production.  In this work, we have investigated the performance of N719 

dye sensitized solar cell using SCAPS 1-D simulation software. The structure of this solar cell is 

composed of FTO/PFN:Br/N719/PEDOT:PSS/Au, where FTO acts as anode, PFN:Br acts as the 

electron transport layer, N719 acts as the photoactive layer, PEDOT:PSS acts as the hole transport 

layer and Au acts as the counter electrode. The influence of thickness, defect density, doping 

density, electron affinity, and carrier mobility of N719, on the device output parameters is 

analyzed. A study on effect of different metal electrodes on device performance is carried out. The 

working point conditions such as temperature, series and shunt resistance were studied. Our 

simulation studies gave an optimized efficiency of 5.53%.  
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ABSTRACT 
 

Non aqueous Lithium-air batteries have gained significant research 

interest in the last decade because of their excessive theoretical energy 

density and low cost. In this project, La0.7Sr0.3Mn1-xNixO3-δ (x = 0.1, 0.3, 

0.5) and La0.7Sr0.3MnO3-δ were synthesised and used as a cathode in 

rechargeable Li-air batteries. The material characterisations, Xray 

diffraction spectroscopy, Raman spectroscopy, and Transmission 

electron microscopy showed that La0.7Sr0.3Mn1-xNixO3-δ (x = 0.1, 0.3, 0.5) 

gives almost identical structure of La0.7Sr0.3MnO3-δ.  

The electrochemical performance of the battery is analysed through 

cycling. In initial research stage the electrolyte used is 1M 

LiTFSi/TEDGME, the performance analysed with drying the salt and 

without drying the salt. The results show there is a significant improvement 

in the capacity by heating the salt. Further the electrolyte is switched to 

0.25 LiTFSi + 0.75 LiNO3, the presence of LiNO3 remarkably improved the 

battery performance. In Li-air battery, cathodes having 

La0.7Sr0.3Mn0.5Ni0.5O3-δ catalyst provided improved electrochemical 

performance in terms of specific capacity.  
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                                           ABSTRACT 

Sleep is a complex process where renewal of body and mind take place. Sleep can be analysed 

using the minute changes that arises in the EEG signal during different stages of sleep. 

Characterizing the EEG signal at different stages of sleep and scoring them is the most common 

clinical method of diagnosing and treating various type of sleep disorders. However nonlinear 

methods are more effective in analysing the EEG signal. In this study we used permutation entropy 

as a tool for analysing EEG signal for study  the sleep disorder characterization at selected channels 

on different sleep disorder subjects and it compared with the normal subject. 
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ABSTRACT

The zinc oxide, copper doped zinc oxide and silver doped zinc oxide thin film under various
doping concentration (1%, 2%, 3%) were deposited on glass substrate by spray pyrolysis deposition
technique.  The  characterization  of  thin  films  is  important  to  understand  their  properties  and
applications. The structural, morphological, compositional, optical and electrical properties of the
deposited films were characterised using X- Ray diffraction (XRD), Scanning electron microscope
(SEM), Electron dispersive X-Ray spectroscopy (EDS), UV-Visible spectroscopy and Hall effect
measurements.  The  XRD  analysis  confirmed  formation  of  ZnO  phase  in  deposited  films.
Morphological analysis using SEM confirmed uniform formation of film over the substrate surface.
Elemental composition analysis using EDS confirmed presence of Cu and Ag in doped samples.
Using UV-Vis spectroscopy, optical transmittance and band gap of the films were found out. It is
observed that, Cu doping increases optical transmittance where as Ag doping decreases it. Electrical
measurements showed the increase of conductivity with doping. To find the best sample, Figure of
merit (FOM) -  the product between conductivity and average transmittance, was calculated.
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Abstract

This project titled "The Formation of Warm Ionized Interstellar
Medium And its Connection with Star Formation in Galaxies" is an investigation
study to identify the spectral classes of stars that contribute to the formation of warm
ionized medium zones,what we can call the Strömgren spheres in galaxies. The primary
objective is to understand the roles of these stars in the process of the formation of
WIM. To achieve this, the project begins by generating spectral energy distribution
curves for different stellar spectral classes. This is done by applying Planck's radiation
law, considering the corresponding temperatures of the stars. The frequency and
luminosity distributions are then analyzed based on these curves.

Next, in this project we calculate the photon flux capable of ionizing
neutral hydrogen that is radiated by stars of each spectral class. This is done by
integrating the corresponding Planck curves and determining the area under the curve
for energies greater than 13.6 eV, using the equivalent frequencies.Using the obtained
photon flux and the conditions of equilibrium between photoionization and
recombination, the project estimates the radius of the Strömgren sphere produced by
each stellar type. The Strömgren sphere represents the region around a star where the
ionization and recombination processes are balanced.

By studying the distribution and properties of the warm ionized medium in
galaxies, it becomes possible to trace the presence of star formation zones and gain
insights into the underlying processes responsible for their formation. Studying the
WIM is crucial for understanding the complex interplay of ionizing radiation, feedback
mechanisms, star and galaxy formation. It offers valuable perception into the evolution
of interstellar matter and the birth of stars.
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ABSTRACT 

 

In the ternary system PbZrO3-PbSnO3-PbTiO3, compositions that lie in the antiferroelectric 

tetragonal region are potential candidates for energy storage application. Structural, dielectric 

and piezoelectric properties of the compositions are carried out. The composition having Zr/Ti 

ratio of 50/7 is found to have the highest recoverable energy and energy storage efficiency. 

Through systematic XRD and Raman spectra, it is found that in compositions having [Ti4+] = 

0.09, antiferroelectric tetragonal and ferroelectric rhombohedral coexist, limiting their energy 

storage potential. 
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HD106191 is a barium enriched star selected from the Barium star catalogue of Lu

(1990).  The metalicity value [Fe/H] of  -0.37, confirms the mild metal poor nature of

this object. In general, the abundance pattern in stars are helpful for understanding

their  origin.  Here we try to derive the complete abundance pattern in HD106191

using  the  high  –  resolution  spectra  acquired  using  the  HERMES  spectrograph

connected  to  1.2  m  MERCATOR  telescope  in  La  Palma  canary  island.  We  use

TURBOSPECTRUM radiative transfer code for the synthesis of theoretical spectrum

using  MARCS  model  atmospheres.  We  derived  the  abundances  of  all  possible

elements and found that this star show enhancement of both s-process and r-process

elements thus classified as an rs-enriched star.  The rs nature at mild metallicity of

HD106191 makes it very important for understanding the nucleosynthetic origin of

different elements at moderate metallicities. 
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ABSTRACT

The Gamma ray bursts (GRBs) are the brightest events detected in the Universe.

Using various satellites in the multi energy band, the GRBs have been widely

studied for its dynamic emission processes and complex nature of light curves. We

have used the data from two observatories, namely Fermi Gamma ray Space

Telescope and Neil Gehrels Swift Observatory to investigate about the relation of

extended Fermi LAT to the Swift XRT afterglow and to focus on their

characterisation. In order to compare the characteristics of the Fermi extended

LAT with the Swift XRT, the light curves are plotted and spectral analysis is

carried out with a simple power law. The time-resolved analysis of GRB 130427A,

one of the brightest burst detected by the Fermi satellite, provided valuable insight

into the emission mechanism of gamma ray bursts. It helped in understanding the

transition from prompt emission to afterglow emission. A distinct shift in the

power law index ↵ is observed for di↵erent energy bands. Before the point of shift,

there is a gradual increase in the power law indices, followed by a gradual decrease,

which suggests the transition from prompt emission to afterglow emission. Since

the power law indices varies for XRT and extended LAT, we conclude that both of

these emissions at di↵erent energy ranges might be from di↵erent segments of a

synchrotron spectrum.
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