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ABSTRACT

In this project, we prepared thin film using poly(3,4ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS) and investigated the morphology of the thin films using atomic force microscopy (AFM)
technique. The AFM images revealeda smooth film with an rms roughness of. We also measured the resistivity of PEDOT:PSS films using four probe technique and calculated the conductivity using
the resistivity values obtained from four probe measurements. We achieved a conductivity of 1.85x10* S/cm.

1. INTRODUCTION

PEDOT.:PSS stands for poly(3,4-ethylenedioxythiophene).poly(styrenesulfonate). It is a
conductive polymer composite consisting of two main components, PEDOT and PSS.[1] It is also
known for its high electrical conductivity. It has excellent stabilityy, mechanical flexibility and
transparency, making it suitable for a variety of applications in organic electronics.[2]

PEDOT:PSS enables large-scale and cost-effective production techniques such as printing and
coating. This study examines the electrical conductivity, stability and performance of PEDOT:PSS
films for various applications in the emerging field of flexible and wearable electronics.[3]

2. EXPERIMENTAL DETAILS

PEDOT:PSS is used from Clevios AL4083. It is a water soluble polymer and is suspended in
water. Thin films were prepared on indium thin oxide (ITO) coated glass substrates using spin
coating technique. Specialty Coatings device was used for spin coating. The films were coated at
1500 rpm resulting in approximately 100 nm thick films. Park System Atomic Force Microscopy
(AFM) device was used at non-contact mode to investigate the morphology of PEDOT:PSS thin
films. Four probe system was used to characterize the electrical properties. The resistivity values
were obtained from the measurements directly and by taking into account that the conductivity is
the inverse of resistivity, the conductivity was calculated. The chemical structure of the
PEDOT:PSS is shown in figure 1.
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Figure 1. Chemical structure of PEDOT:PSS

PEDOT:PSS solution and thin film of PEDOT:PSS are shown in figure 2 (a) and (b), respectively.

3. RESULTS
3.1 Morphology Investigations

Figure 3 shows the AFM image of PEDOT:PSS thin film

Figure 3. AFM image of PEDOT:PSS film

As can be seen from figure 3.1 PEDOT:PSS film exhibits a thin film morphology with an rms roughness
of 2477 and a height scale of 50 nm. There are white features on the surface, which can
be attributed to either PEDOT or PSS phases comprising the PEDOT:PSS structure.

3.2 Conductivity Investigations of PEDOT:PSS Films

Figure 4 shows the four probe measurement results of PEDOT:PSS Films

o

| Pt Date l

Dete W02 29200 PM

Waler 1D forerrw’

Waler Lot s

WNofer Srage Stuare

Wafer S¢e |vvr| 20

l’:qo F scuson (rrm) ﬁ

orrter Ff Py %

Cumert Used (mA) o)

Awy 2 Derv 1 Sgre ey Voo

Ry (Oneveg) Ranme 008059 051489 L BT T S 47012¢

Res [Otvnam) v 000054 ® v 514818 0 200054 0 00005S

Th (el 0.1 % ® 0.1 0.1

v " 755601 0010296 9819872 242004 R a7
Pont x Y s ichmsg) Resohmorm W Thix fern
) ® ® S 4AT9126 0 S0005S RN274435 01
v ® s R aamn 0 000044 Ras24r o
" S 92020) K L ST T 0 000054 R2s60us 01
% T 28203 % R 40887 0 200054 N2428%¢ 0.1

(a) (b)

Figure 2 (a) PEDOT:PSS solution (b) PEDOT:PSS thin film

Figure 4. Four probe data of PEDOT:PSS films

As can be calculated from the resistivity data, PEDOT:PSS films exhibited a conductivity of
1.85x10%4 S/cm, which is comparible with the literature.

4. CONCLUSION

In conclusion, PEDOT:PSS films form electrically conductive films, with an appropriate thin film
morphology in the nanoscale, which make them suitable for organic and hybrid electronics.
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Summary

In this final year project, we tried to understand and make a comprehensive analysis of a thermodynamic model constructed to describe the distribution of firms’ growth by Zambrano et al. In this model, they use the principle of maximum entropy

(MaxEnt) in order to adequately describe the dynamics and distribution of firms’ growth. The MaxEnt principle is based on a rule of choosing the best probability distribution consistent with the constraints, which is the one with maximum entropy, out

of different probability distributions expressing the state of knowledge. The model was tested on a 1 155142 total number of Spanish firms, which have been evolving for one decade. It successfully predicts whether the creation of the firms or

destruction of the firms is favored. In the case of creation and destruction having no cost, the system is in macroeconomic equilibrium, which is consistent with Zipf’s Law.

|.Stylized Facts:

In the study of the collective behavior of firms, researchers have identified recurrent trends and attributes that manifest
similarly across various business environments and time frames. These reoccurring phenomena, also known as "stylized
facts," provide the necessary perspective for capturing the essential characteristics of the collective dynamics of firms,
allowing for a more profound comprehension and analysis of the topic.

Firm size distribution.

Growth Rate Distribution

The Negative Correlation Between Firm Size and Volatility (Variance) of Growth Rates

The Negative Correlation Between Growth Rate and Firm Age

E. The Positive Correlation Between Survival Probability, Age, and Firm Size

F. The Positive Correlation Between Entry and Exit Rates
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Il. Theoretical Framework and Microdynamics

According to Gibrat's law, also known as the law of proportionate effect, the growth rate of a firm is independent of its
absolute size. Gibrat's law is frequently used as a starting point for studies regarding firm size and growth rate, and it has
had a substantial impact on economic and financial theories. The mathematical expression of the law is

x;(t) = v (t)x;(¢) (2.1)

Where x;(t) is the size of the ith firm at time t, x;(t) its change in time, and v;(t) a size independent growth rate .
According to Gibrat's Law, the size distributions of firms are expected to approach a log-normal distribution over time,
which has been supported by empirical evidence. In the microeconomic hypothesis [1] that is the subject of our study,
EBITDA is used as a proxy for a company's size. Due to the central limit theorem [2], a finite-size term (FST) that is
proportional to the square root of the size is shown to become predominant for medium and small sizes. In addition to
this term, it is proposed that non-proportional forces eventually become effective for small sizes. Thus, the full dynamical
equation is written as

(6 = v, O (O] + V1, O OF +v0,(0), (2:2)

Where v,;(t) (9 = 1,%, and 0) are independent growth rates of a stochastic nature. Thus, a temperature is defined from

their variance of the growth rates Var [vq] = T,. The variance of the growth for serval realizations for positive (+) and
negative (-) values of firm size is expressed as,

Var[x;(t)] = Ti{lx;(O)])* + T% (lx; (O] + Tp. (2.3)

This equation defines six regimes (three for negative and three for positive EBITDA) according to the size: small sizes |x| <
TOJ—F/TlJ—;Z; medium sizes Toi/TlJ—;2 < |X]| < Tli/Z/Ti; and large sizes Tli/Z/Tf—r < |x|. Due to the presence of the non-
proportional term, x can traverse between negative and positive values. Theoretically, the set of temperatures in the
negative domain is assumed to be independent of those in the positive domain.

positive

firms’ earnings

Y

year

Fig. 1. An illustration of the dynamics of companies: According to equations (2.2) and (2.3), heaven
(Tf/zand T regimens), hell (T ,and Ty regimens), and purgatory (T, regimen, both positive and negative). In
this model, firms are depicted as dots and are subject to random movement over time, similar to particles in a gas. The
direction of their movement is determined by their earnings, which are separated into three regimes by dashed horizontal
lines. In the purgatory regime, growth is linear, while in heaven and hell, growth is proportional to the temperature of
each respective regime. Two of the companies' trajectories are shown by solid brown arrows, which go from purgatory at
the start to paradise and hell, respectively.

I1l. MaxEnt Principle

It is supposed that [1], for an ensemble of firms obeying equation (2.1), dynamical equilibrium is reached asymptotically
when certain macroscopic constraints are satisfied. As such constraints, the average total number of firms, N, the average
prosperity of a given region, or any other objectively observable variable can be cited. The analytical derivation is
concentrated on the regime that has received the most attention in the scientific literature: the proportional growth one:

T;—;Z/Tli < |x| for the largest sizes. Thus, the dynamical equation for the given region can be written as

x;(t) = vy,; () [x; (D).

For further simplification of the model, the dynamical equation is linearized [20] by proposing a new dynamical variable

u(®) = In ["i“)]

+
Xc

+ . . . . . + + + . . . . .
Where x; is a reference value, in this case, the transition size x; =T;,,/T; . The linearized dynamical equation is

expressed as, u(t) = vy ;(t). Thus, the macroscopic entropy for the system’s density distribution p (u) for N firms
is written as

So) =~/ dup(uytog| "]

By extremizing S under the empirical constraints, such as the total number of firms and the minimal size of firms, the
equilibrium density is determined. For the further analysis of the system, an energy function €[p] is defined, that depends
on powers of the dynamical variable u, namely,

Elpl = ) Inf dup(u) (e — @)Y= > Ay

where m,, are the central moments ofp and A,, the coupling constants. The maximization problem is expressed as
6p(Slp] = BElP]) =0

where B is a Lagrange multiplier (B, A,, become then the multipliers for each term), and the general solution is of the
form,

p(u) = N exp

“1=f ) M- <u>>”] NEEY

The values of the multipliers are obtained by solving the system of Lagrange equations, m,, = [ dup(u)(u — (u))™, for
the distribution of equation (3.1).

IV. Connection With Thermodynamics

For simplicity, only the first two moments n=0 (a constraint on the average total number of firms m,, = N) and n =1 (a
constraint on the mean value <u> written as m,, = 0) are considered for negative and positive domains, separately.

Because the equations are formally equivalent to those found in thermodynamics, and traditionally the multipliers

associated with these constraints are [24,26] f = Tl, , A = —1, 44 = A, athermodynamic potential is defined,
1

N =-T;S—uN + AU
where U= <u-<u>>. The variational problem becomes §, £2[p] = 0. The distribution is obtained as,
p(u) = Ne~Au-w)/Ty

The distribution is expressed as a function of the observable x as

A*

Xc d
— dxX
x1+A

px(x)dx = Ne*'

where u* = 7%and A* =Ti. . Accordingly, a power-law density function is obtained. The solutions of the Lagrange
1 1

equations lead to the equation of state

ES

et =

This is the appropriate equation for interpreting the empirical data, since A* can be measured from the data and u* can be
interpreted, owing to the thermodynamic analogy. Comparing our results to those of a physical system reveals that
corresponds to the chemical potential. In this case, u is considered to be the 'cost' of including/creating or
excluding/extinguishing firms from the proportional large-size regime. Following MaxEnt, the system can be seen as it is in
contact with a reservoir of firms, and tends to minimize the potential Q. Because 0Q/0N=-u, Q decreases for u>0 when
new firms enter in the proportional regime, and thus, increasing the likelihood of an influx of firms into the system.
However, for u<0 the introduction of new firms increases the value of Q, which may result in the exit of other firms from
the system. In the particular case pu=0, there is no cost for the flow of firms, it is expected to be an equilibrium, stable and
healthy situation for a capitalist economy.

The exponent of the distribution, which is defined by the thermodynamic variable A, can be viewed as a metric of the
standard wealth of a given area. More precisely, it establishes the magnitude of firms' sizes by limiting the geometric
mean of x under the proportional growth regime.

Using the state equation, the exponent is interpreted intuitively and based on physical principles:
—forA* <1 (u* < 0), the system favours the extinction of firms;

—forA* > 1 (u* > 0),, the system favours the creation of firms; and

—forA* =1 (u* = 0),, the system freely creates and extinguishes firms.

This last case corresponds to the Zipf law distribution, expressed as:

xC
N — - N=<.
p(x) "
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devices of the future , not the present ABSTRACT

Quantum computer is a revolutionary device still under development. There are many areas where quantum computers are expected to be used. Some of them are: artificial better make it quantum mechanical, and

intelligence, molecular modeling, quantum cryptography, financial modeling, weather forecasting, simulation. One of the most important areas expected to be used is

This advanced processing power could help cure

of information as there are atoms in the universe

Nature isn't classical, dammit, and if you
want to make a simulation of natural, you'd

by golly it's a wonderful problem, because
it doesn't look so easy.

simulation. For example, it offers the opportunity to develop many expensive projects more cheaply and economically, for example, with realistic world simulations, we can C Y/ Richard Feynman

develop billion-dollar projects much more economically in these areas. To give another example, the world population lives in very narrow spaces due to the increasing

human population, and they need realistic simulations to expand these narrow spaces, and quantum computers will be able to expand their living spaces with realistic world

simulations that will offer people an opportunity. From what we understand here, quantum computers will one day be one of the most important parts of our lives, so it is S @ )\ (7%5\7
\ N - J \

very important to be one of the pioneers in the development of quantum computers.

J|

Einstein explained the photoelectric
effect by suggesting that light look the
form of discrete bundles called
photons.This seemed at odds with
light’s wave nature.

French physicist Louis de Broglie
expanded on previous discoveries by
proposing that all tiny particles can
behave as waves,and vice versa.

\

Austrian physicist Erwin Schrodinger’s
paper describing the motion of an
electron as a wave function was a

defining moment in quantum
mechanics.

Alongside Niels Bohr,Werner
Heisenberg suggested that subatomic
particles only adapt a particular state

when observed.

Niels Bohr proposed that energy in a hydrogen atom
transferred only in certain well defined quantities

Neils Bohr receives the Nobel prize

Einstein began his debates with Bohr at the solvay Conference
in Brussels

The epr paper was written by Albert Einstein, Boris
Podoisky,and Nathan Rosen

Bell came up with Bell’s Inequality
Nobel Prize was awarded to Sin Itiro Tomonaga, Julian
Schwinger Richard P. Feymann for their work in quantum

electrodynamics

Richard Feymann first discussedthe idea ‘Can a classical
computer simulate any physical system?’

David Deutsche highlighted that Alan Turing’s universal
computer could not be extended to quantum mechanics

Grover develops the search algorithm

IBM launch an integrated system for quantum computing for
scientists and businesses
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QUANTUM COMPUTERAND TYPES OF QUANTUM BITS

Qantum Superposition

A particle in superposition is in two states at once , so it could
represent both a binary 0 and |. Think of a coin: If it’s spinning you
can see heads and falls simultaneously.

Qubits (Quantum Bits)

Classical computers can only store information in bits that take the
value 0 or |. Quantum computers, on the other hand, use qubits
(quantum bits) instead of bits for basic computational blocks.

Qubits are created using physical systems such as the spin of an
electron or the direction of a photon.

The quantum state of a qubit can be written as:
%) = «|0) + B|1)

a and 3 are complex numbers.

- - = - ——-—— .
- -

Quantum Entanglement

Two entangled particles are strangely linked, so the fate of one
affectcs the other. If you observe one particlethis will causeits
superposition to be lost, and the same will happen to its entangled
twin.

Quantum Teleportation

We have a qubit and we want to transfer it from one place to
another, but we cannot do it because what we are transferring
is not particles or any matter, it is just quantum information.

Observation

Observing a particle in superposition causes it to adopt a single
state. Any interaction with the environment does the same. The
more entangled the particles, the harder it is to maintain
superposition.

Quantum Gates

Single Quantum Logic Gates

| Gate (ldentity gate), X Gate (Pauli-X), Y Gate (Pauli-Y),
ZGate , S Gate, T Gate, Hadamard Gate (H)

Multiple Quantum Logic Gates
CNOT Gate (Controlled Not, CX), SWAP Gate, Toffoli Gate

Operator Gate(s) Matrix
Pauli-X (X) 1X |- 3> 5 &
L | ~G 1 ('J
- e | L4 —
Pauli-Y (YY) 1Y | [} -;n]
Pauli-Z (Z) [z [l 0]
i O |
] [ 1
Hadamard (H) 1 H | ;,!} L: - :J
Phase (S, P) ’ S } [Ll' L"]
{ |
7 /8 (T) T} [6 oo
1 0 L4 L4
Controlled Not *f*‘ [(» 1 O n]
- - 0 () 0O 1
(CNOT, CX) s v B 3 O
R - 1938 8
Controlled Z (CZ) g— O i 82 o
| Z | == © © O =1
) 1 |_:| o 0
SWAP b [:j : o 3]
— e — s 0 C 0 1
T()ﬂ.oli T a o O 5 o O o O o
(CCNOT, P © © 0 © 1 © © o
CCX, TOFF) "l 5 &8 3 22 3 38 ¢

Entangling The Qubits

With 2 qubit arrays, we can entanglement our qubits using Hadamard
and CNOT quantum logic gates.

Qubit Structure Architectures

Although there are many qubit structures, there are mainly three
types of architecture: charge, phase, and flux qubits.

Apart from these three main qubit structure architectures. There are
architectures like Transmon, Fluxonium, Xmon, Quantronium,
Gatemon etc

Superconducting Qubits

Superconducting loops Trapped ions Silicon quantum dots 'l’opologncal qubcts Diamond vacancies
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The first natural candidate that comes to mind for quantum computing is single-atom systems. Trapped ions are an
accepted system among these single-atom systems.

Since the energy levels of atoms are discrete and their transition energies are different, we can code these levels as |0) and
|1).The energy difference between the |0) energy level and the |I) energy level is called the transition energy.

We can raise the electron to |l) with a laser operating at the frequency corresponding to this transition energy difference.
As the same electron falls from |l) to |0), it emits a photon at the same frequency.

This method is a form of quadrupole trapping that creates an electric field with DC and AC potentials applied to the
electrodes at both ends and middle of the device. Since trapping is done with an electric field, it is necessary to use ions
instead of neutral atoms.

When a metal is heated to high temperatures (>1000K) in a high vacuum environment, some atoms are gasified in the
vacuum chamber. We turn these neutral atoms into ions by hitting them with high-energy electrons, and when they
become ions, they are trapped in traps after a while.

Trapping in the X and Y axes is provided by AC potential, while trapping in the Z axis is provided by DC potential.
However, trapping with the electric field does not sufficiently immobilize the ions.

Determining which energy levels to use as |0) and | 1) is not easy.

Apart from the levels corresponding to the |0) and |I) states, we also use quantum vibrational levels to apply operations
where the state of one qubit determines the action to be taken of the other qubit in trapped ions. [1]
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This system is based on circuits using superconducting Cooper electron pairs and the Josephson effect, which won the
1972 and 1973 Nobel Prizes in Physics, respectively.

In superconducting materials, the charge is carried by electron pairs called Cooper Pairs. Cooper pairs consist of electron-
phonon interactions. The negatively charged electron attracts the positive ions in the material lattice and a shift occurs in
the lattice. This shift affects another electron.

Bonding occurs between the electron causing the shift in the lattice and the electron affected by the shift, with the help of
phonons, and a pair is formed that effectively behaves like a single particle.

At low temperatures, the Cooper couple does not scatter in the material and electron current occurs as if the material
has no resistance.

Since the particle called fermion, that is the electron, cannot be in the same quantum state at the same time, molecular
materials are formed, on the other hand, the particle called the boson, that is, the photon, can be in the same quantum
state. Although electrons are fermions in Cooper Pairs, they become bosons in pairs.

All Cooper pairs can collapse to the lowest energy level collectively entangled. Thus, we can write the entire
superconducting part with a single wave function.

This is where the Josephson effect comes into play. This event is split by placing an insulating layer (2-3 nanometers thin)
between the two superconducting parts. According to classical physics, since the energy of the electrons is not enough, it
is expected to bounce off the insulating part and stay in its own part. But Cooper Pairs tunnel through the insulator, and a
phase difference between the two superconducting parts is sufficient for supercurrent to occur. Therefore, there is no
need for electric current.

When DC potential is applied to the system, the phase difference increases and we start to see AC current. The Josephson
junction acts as an inductor and the junction acts as an oscillator.

It's a non-linear oscillator as its inductance depends on the amount of supercurrent. Thus, we obtain a system with unequal
energy intervals. Thus, the states |0) and || ) can be placed. [1]

0 C 0 0 0 O ‘r ‘ 0 Superconductor
- ’ —> 0 ® @ \\/\/\/\/w
000069 %0 9| n
Lattice of superconducting material NVV\// 9 if;’;'j;jfiijfl;-)
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ABSTRACT
In this project, we prepared nickel oxide thin films using sol-gel method and investigated the morphology of these layers through atomic force microscopy technique. The AFM images
revealed a smooth film with rms roughness of 2.477 nm. We also measured the resistivity of NiO, films using four probe technique and calculated the conductivity using the resistivity
values obtained from four probe measurements. We achieved a conductivity of 9.9x103S/cm.

INTRODUCTION

NiO, is a metal oxide with special morphological and electrical properties that make it
suitable for various electronic device applications. Recently, NiO, attracted attention
for its use in perovskite solar cells fabricated in the p-i-n structure. Due to its
hydrophobic nature, high hole mobility and high conductivity it has been evaluated as
a hole transporting layer in perovskite solar cells.[1] This study focused on
investigating the morphology and electrical properties of NiO, thin films for their
potential use in perovskite solar cells. We have investigated the morphology and
electrical conductivity properties of NiO, thin films.

Figure 1. NiO, solution (left) and thin film (right)

EXPERIMENTAL DETAILS

124.42 mg nickel (Il) acetate tetrahydrate was dissolved in 5 ml isopropanol and 30 pl
ethanolamine (MEA) mixture at room temperature. The mixture stirred at 70 °C for at
least two hours to get NiO, solution. This solution is filtered with 0.22 micrometer PTFE
filter prior to spin casting. The films were coated at 1500 rpm for 30 s and the coating
was repeated in two steps, and then annealed in an oven at 450 C for 30 min. The
resulting films were measured by a mechanical profilometer as to be approximately 25
nm. Park System Atomic Force Microscopy (AFM) device was used at non-contact mode
to investigate the morphology of NiO, thin films. Four probe system (Signatone) was
used to characterize the electrical properties. The resistivity values were obtained from
the measurements directly and by taking into account that the conductivity is the

inverse of resistivity, the conductivity was calculated.

Figure 2. Steps of NiO, film preparation via spin coating technique
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RESULTS AND DISCUSSION

Nanomorphology of the nickel oxide thin films was investigated using AFM technique
(see Figure 3).

Figure 3. AFM set up

Figure 4 shows the AFM image of NiO, thin film. Rms roughness was 2.027 nm and the
height scale was 10 nm, which indicates a rathersmooth morphology.

Figure 4. AFM image of NiO, film

Conductivity meausurements were performed using four probe technique (see Figure 5).

Figure 5. Four probe conductivity measurement system

(Table 1) summarizes the resistivity and the conductivity values of NiO, thin films. As can
be seen NiO, possess a high conductivity of 9.9x10% S/cm.
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In conclusion, due to smooth thin film morphology and high conductivity NiO, may be
evaluated as a hole transporting material perovskite solar cells. Overall, this study
advances knowledge of the morphological and electrical characteristics of NiO,and
highlights the material's potential for cutting-edge electronics. The fascinating
characteristics of NiO, can be taken advantage of through more investigation and
optimization work to create high-performance electronic devices used in a variety of
applications.
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OZET

Kanser ile micadelede etkin tedavi yontemlerinden birisi olan radyoterapi tedavisi tekniklerinden yogunluk ayarli radyoterapi (YART-IMRT) ve yogunluk ayarli ark terapisi (YAAT-VMAT) modaliteleri, radyasyon dozu hizi, gantri
donusu ve cok yaprakli kolimator gibi tedavi parametrelerinin bilgisayar algoritmalari yardimi ile ayarlanarak uygulanmasi sonucunda ortaya cikmaktadir. Kanser hicresine verilmek istenen radyasyon dozunun hesabi bu
bilgisayar algoritmalari ile tedavi planlama sistemi (TPS) denilen is istasyonlarinda gerceklestirilir. TPS’de bulunan bu algoritmalarin radyasyon dozunu dogru hesaplayabilmesi icin tedavi esnasinda kullanilacak lineer hizlandirici
cihazinin mevcut TPS’de modellenmesi gerekmektedir. Bu calismada, Varian Truebeam lineer hizlandirici cihazinin Eclipse TPS'inde modellenmesi icin gereken parametrelerden birisi olan “dozimetrik yaprak araligi (Dosimetric
Leaf Gap-DLG)” olciimleri gerceklestirilmistir. Ayrica, Varian firmasi tarafindan belirtilen élcim yonteminin farkli deney dizenekleri ile gerceklestirilmesi sonucunda olusan degisimler incelenmistir.

Kanserin etkili tedavi yollarindan biri de radyoterapidir. Radyoterapide kanser hicrelerinin bolinmesini
engellemek ya da onlari 6ldirmek amaciyla iyonizan radyasyon kullanilir. Radyoterapi; brakiterapi ve

eksternal radyoterapi olarak ikiye ayrilir. Eksternal radyoterapinin amaci, hedef volim igindeki timor T e o e enss
hiicrelerini yok ederken, cevre risk altindaki saglam dokulari korumaktir. Radyoterapide basari orani en e
yuksek seviyeyi yakalayabilmek icin mutlaka cok iyi bir planlama ve tedavi teknigi gerekir. TPS’de bulunan —— :
algoritmalarin radyasyon dozunu dogru hesaplayabilmesi icin tedavi icin kullanilacak lineer hizlandirici e '
cihazinin mevcut TPS’de modellenmesi gerekmektedir. Modelleme ise ilgili lineer hizlandirici cihazi Greticisi ¢ — =
tarafindan kullanilacak TPS icin belirtilen dozimetrik dlctimlerin alinmasi ile gerceklestirilir. Bu 6lcimlerin S p

dogru deney duzenekleri kurularak olctilmesi bir diger adiyla kalibrasyon yapilmasi, TPS sistemi i

algoritmalarinin radyasyon dozunu dogru hesaplamasinda onemli bir rol oynamaktadir. Varian firmasi S -

tarafindan belirtilen 6lcim yonteminin farkli deney duzenekleri ile gerceklestiriimesi sonucunda olusan e — - -

degisimleri ortaya koymayi amacg edindigimiz bu calismada kati su fantomunda alinmis olan dlcimler farkl ol

derinlikte 3 adet farkli iyon odasi kullanilarak élcimler alinmis ve 6lcim sonuclari tabloda belirtilmistir. Iy
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Tablo 1: IBA FC65p (0.65cc Hacimli) 5 cm Derinlikteki iyon Odasi

HEDEF — YONTEM v ] o | e
Dozimetrik yaprak mesafesi, radyoterapi tedavisinde kullanilan hareketli metal yapraklarin radyasyon Wiy - —c = s i —
kaynagina olan uzakhgini ifade eder. Bu yapraklar, tedavi sirasinda radyasyonun istenilen bdlgeye b o = = = -
yonlendirilmesini saglamak icin kullanihr. Yapmis oldugumuz calismada hedefimiz bu o6lcimu farkl oo S s v o
derinliklerde farkli iyon odalariyla yapmak ve arasindaki farki incelemek olmustur. Bu hedefe ulasirken e St - L300
izledigimiz yontem deney sirasinda kullanmis oldugumuz Varian firmasinin Eclipse TPS sistemi igin e TSR o
hazirlamis oldugu yonergelerdir. Bu prosedir, temel Dozimetrik Yaprak Mesafesini (DLG) belirleme Ry —
yontemlerinden birini aciklamaktadir. Deneyler sirasinda hata payinin distik olmasi icin dedektor ve 6lcim 'i i =
cihazinin hazir olmasina, dedektori referans geometrisinde konumlandirmaya ve dedektoriin de elektron o n e oo
kontaminasyon derinliginden daha derinde olduguna 6zellikle dikkat edilmistir. izlemis oldugumuz bu enntie S

adimlar sonucunda ve alinan 6lcimler dogrultusunda hesaplamamiz su sekilde gerceklestirilmistir:

1- Ortalama MLC yaprak iletiminin mesafe okumasina olan katkisini (RgT) her bir mesafe g icin

hesaplanmistir. Iletimin mesafe okumasina olan katkisi su sekilde tanimlanmuistir.

RgT =R _(T).(1-g[mm]/120[mm])

2- Her bir mesafe g icin dizeltilmis mesafe okumasi hesaplanmistir. Diizeltme yapilmis mesafe, g ot o

asagidaki sekilde tanimlanmistir.

Verilen bosluk boyutu g ve dizeltilmis mesafe okumasi Rg' tarafindan belirtilen noktalara

seklinde bir dogrusal fonksiyona uygun hale getirilmistir. Uygun fonksiyonun kesim noktasi olan b e

Rg’ = Rg- RgT

g(Rg') =aRg'+b

kaydedilmistir. Ayrica b'nin mutlak degeri, Dozimetrik Yaprak Mesafesini temsil etmektedir.
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Sekil 2: Trans Bank A

Sekil 3: 10 mm Dozimetrik Yaprak Araligi
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Tablo 2: IBA FC65p (0.65cc Hacimli) 10 cm Derinlikteki lyon Odasi
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Tablo 3: IBA CC13 (0.3cc Hacimli) 5 cm Derinlikteki iyon Odasi
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Sekil 4: 14 mm Dozimetrik Yaprak Araligi

Tablo 4: IBA CC13 (0.3cc Hacimli) 10 cm Derinlikteki iyon Odasi

Sekil 8: Farkh derinliklerde ve Farkli lyon odalari
ile alinan dlgimler

SONUC

Bu calismada Varian cihazi kullanilmis olmasindan dolayr tedavi planlama sistemi (TPS) olarak Eclipse
kullanilmistir. Eclipse, Varian Truebeam Lineer hizlandirici ile kullanilan bir Tedavi Planlama Sistemidir. DLG
Eclipse planlama sisteminde tanimlanan bir dozimetrik parametredir. Bu nedenle DLG'nin RT tedavi
planlamasinda hasta dozunun dogrulugu acisindan 6nemi buyuktar. Yukarida kati su fantomundan alinmis olan
olcimler farkh derinlikte 3 adet iyon odasi kullanilarak yapildiginda ¢ikan sonuclar tablolarda verilmistir. Varian
firmasinin DLG 6lcimi icin hazirlamis oldugu yonergelerde 6lcim derinligi ve kullanilacak detektor konusunda
net bir oneri bulunmamaktadir. Sonuclara bakildiginda ise farkli dizenekler ile yapilan 6lciimlerden cikan
sonuclar farkhlik gostermektedir. Bu nedenle bu dlcimlerin Eclipse tedavi planlama sistemine ayri ayri girilerek
gercek olcimlerle kiyaslanip dozun dogru hesaplatilmasi acisindan optimizasyonunun yapilmasi gerektigi
sonucuna varilmistir.
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MCNP ile Kanser llaglarinin Sogurulan Doza Etkisinin Arastinimas:

Ozet

Kanser tedavisinde cesitli yollarla radyoaktif cekirdeklerden ve radyasyon teknolojilerinden yararlanilmaktadir. Bazi hastalar sadece kemoterapi ile tedavi edilebilirken, digerleri
radyoterapiye ve bazen de ameliyata ihtiyac duymaktadir. Isin tedavisi planlanirken hastanin kanser tird, timaor konumu, hacmi vb. cesitli parametreler g6z dninde bulundurularak
gerekli doz miktari belirlenir. Tedavi icin gereken radyasyon dozu tek bir tedavi yontemiyle uygulanabildigi gibi, farkli ydntemlerin senkronize uygulandigi tedavi planlari da
olusturulmaktadir. Son zamanlarda kanser tedavisinde es zamanli kemoterapi ve radyoterapi uygulamalan giderek daha fazla tercih edilmekte ve basarili tedavi oranini
yukseltmektedir. Paralel yarutilen tedavilerin birbirine olan etkileri tedavinin seyrini dnemli 6lctide degistirebilmektedir. Arastirmacilar, cevre dokularin alacagi dozu arttirmadan
kanserli dokuda sogurulan dozu artirmak icin enjekte edilebilecek nano parcaciklar tzerine calismalarini sGrdlirmektedirler. Ortamda bulunan maddelerin sogrulan doza etki ediyor
olusu bu calismanin temel motivasyonunu olusturmaktadir. Bu ¢alisma, kanser tedavisinde kullanilan ilaclarin radyasyonla etkilesimi sonucunda dokuda sogurulan doza olan
etkilerini incelemektedir. Farkli kanser tirlerinin tedavisinde kullanilan Tadocel, Fluro-5, Erbitux, Carboplatin, Temodal, Tamoxifen, Endoksan ve Oxaliplatin olmak tzere 8 farkl ilaci
iceren dokularin 5-125 KeV enerji araliginda sogurulan dozlari ve doz artis oranlarn belirlenmistir. Bu sonuclar Monte Carlo N Particle Transport Code (MCNP 6.2) simulasyon
programi kullanilarak tayin edilmistir. SimUlasyonlar sonucunda incelenen ilaglardan Oxaliplatin ve Carboplatin’in diger ilaclara kiyasla cok yiksek doz artis oranina sahip oldugu
gozlenmistir. Elde edilen sonuclar hastalarin doz planlamalar olusturulurken ortamda bulunan maddelerin de g6z 6ninde bulundurulmasi gerektigini gostermektedir.

Giris

Gunumuzde temiz enerjiden medikal uygulamalara cesitli alanlarda radyasyon teknolojilerinden

faydalanilmaktadir. Radyasyon teknoljileri zararlariyla ilgili kaygilarin yani sira kontroll

kullanildig1 takdirde emsalsiz ¢6zimler sunmaktadir. Kanser tani ve tedavisi de radyasyonun

uygulama alanlarinin basinda gelmektedir (Jayant S Vaidya 2021).

Isin tedavilerinde uygulanacak radyasyon dozunun miktari ¢cok énemlidir. Yetersiz doz timori

tahrip ya da tedavi edemeyecedi gibi, asiri radyasyon dozu da saglikli hicreleri dldirerek yeni

hastaliklara ve hatta 6lime sebep olabilir (Niloofar Azadegan 2021). Isinlama tedavilerinin ana

odak noktasi, cevredeki saglikli dokuya minimum dizeyde hasar vererek hastalikli bélgeye dogru

doz miktarini uygulamaktir (Anne W. Lee 2019). & —

Literatlrde, uygulanan radyasyon dozunu artirmak amaciyla timaére nano partikal katkilamaya coac N ST —
yonelik bircok deneysel ve teorik calisma bulunmaktadir. Bu calismalarin bircogunda MCNP

simuUlasyonu basta olmak (zere, cesitli bilgisayar simulasyonlarina basvurulmustur. Lechtman vd.

, altin nanopartikiller kullanarak radyosensitizasyonun isinlama enerjisi, nano parcacik boyutu,

konsantrasyon ve hiicre ici lokalizasyon ile biyiik dlclide degistigini gostermistir (Lechtman vd. Sekil 2: Sogurulan Doz Degerleri Sekil 3: Doz Artis Oranlari
2013). Bayram Bilmez vd. spinel feritlerin doz artirici etkilerini ve sogrulan dozun partikul

boyutuyla iliskisini incelemistir (Bayram Bilmez vd. 2022).

Kanserli dokuya madde katkilanmasi ile sogurulan dozun arttirilmasina yonelik calismalardan da Bulgular ve Ta rt|§ma

gorulebilecegi gibi, ortamda bulunan maddelerin sogrulan doza etki ediyor olusu bu calismanin

temel motivasyonunu olusturmaktadir. Isin tedavisi géren hastalarin ayni zamanda kanser Simdlasyonlar bir timor fantomu icerisinde homojen dagilmis halde ilaclari iceren mikro
ilaclarini kullanma olasiligr cok yiiksek olmasina ragmen, kanser tedavisinde kullanilan bu sekiz hucreler GUzerinden gerceklestirilmistir. llaclarin yogunluklari, sahip olduklari element dagilimlar

ilacin radyasyon dozuyla iligkisini arastiran herhangi bir calisma bulunmamaktadir. sebebiyle birbirinden farkli olmasina ragmen, timaor fantomu icerisindeki ilag konsantrasyonu 5

Bu calismada literattirdeki bu eksigi gidermek ve kanser tedavisi planlanirken dikkat edilmes; mg/cm3 olacak sekilde tim ilaclarda sabit konsantrasyonda calisilmistir. Sekil 2'de ilag iceren

gereken farkli bir noktay! ortaya cikarmak amaclanmistir. Hastalarin doz planlamala timor fantomlarinin  sogurdugu doz degerleri gosterilmektedir. Sogurulan  doz

olusturulurken dokuda bulunan ilaclarin sogurulan doza arttirici veya azaltici etkisi Rad grafigjindgki o.l.eg‘jerler SimUI?syonvkonfigUrasyonurla (kayln.ak enerjisi, |§|nlar.n.a akisi,
olup  olmadiginin  belirlenmesi  bu  ¢ahsmanin  ana  hedefidir. d yasyon hedefin ylzey alani, yogunlugu, mesafe vb.) gére degiskenlik gosterebilir fakat

tim konfigurasyonlar icinilgili enerji bolgesinde grafikteki egrilerin davranisi
l benzer olacaktir. Bazi ilaglarda yaklasik 15 keV'den itibaren sogurulan doz
degerlerinin arasindaki farklarin ylkseldigi gorilse de, doz artis oranlari

Materyal ve Yontem l l‘ L

vV WV Ilag

Carboplatin, Temodal, Tamoxifen, Endoksan ve Oxaliplatin olmak lizere 8 cewTwEwZ Kures kanser ilaglarmin sogurulan dozile iligkisini daha agik¢a gosterebilir. Sekil

farkli ilacin 5-125 KeV enerji araliginda sogurulan dozlari ve doz artis 3'te ilaglarin farkli enerji diizeylerinde sahip olduklari doz artis oranlari
oranlari arastirilmistir. Tablo 1'de doza etkisi incelenen ilaclarin element \ verilmistir. Gergeklestirilen simulasyonlar sonucunda Oxaliplatin veya

v

Farkli kanser tirlerinin tedavisinde kullanilan Tadocel, Fluro-5, Erbitux,

konsantrasyonlari ve yogunluklari verilmistir. Carboplatin ilaclarini iceren dokularda yaklasik %275'e kadar, Endoksan

Monte Carlo Yontemi, temelde rastgele sayilar treterek dogal strecleri o icerenlerde ise yaklasik %25e kadar doz artig oranlari gézlenmistir. Yuksek
taklit etmeye yarayan stokastik bir similasyon yontemidir. Pozitif Sekil 1: Simulasyon doz artis orani gézlemlenen iki ila¢ da Platin elementini icermektedir. Bu

bilimlerden sosyal bilimlere cok genis bir yelpazede arastirmacilarin Geometrisi ozellik bu iki ilaci incelenen diger ilaglardan ayiran en belirgin 6zelliklerden

ihtiyaclarini karsilayan bu yontemin Gzerine kurulu cesitli simulasyon biridir.

programlari bulunmaktadir. MCNP, Fluka ve Geant4 bu programlarin pozitif
bilimlerde siklikla tercih edilenlerindendir (M.G Stabin 2003). Platin, ilaclarin icerdigi diger elementlere kiyasla yluksek atom numarali oldugundan, X isini

Niikleer etkilesimlerin incelendigi calismalarda ihtiyaca gére kurgulanabilen Monte Carlo N bolgesinde daha yuksek fotoelektrik tesir kesitine sahiptir. Oxaliplatin ve Carboplatinde elde
Particle (MCNP); genis bir fonksiyon spektrumuna sahip olup, bu calismada hiicrede sogurulan edilen yiksek doz artis oranlari, dusuk enerji-yuksek atom numarasi etkilesimi bolgesinde

dozu tayin etmek amaciyla kullanilmaktadir. Sekil 1'de MCNP'de kullanilan simulasyon oldugundan doz arttirici etki bu sekilde yorumlanabilir.
geometrisi verilmektedir. Simulasyonlar yuksek enerijili fotonlar ile gerceklestirildiginde ilaglarin sogurulan doza etkisinin

ihmal edilebilecek dizeylerde oldugu tespit edilmistir. Bunun yani sira, kritik doz artirici etkiler

: . dusuk enerjili (X-Isini Bolgesi) fotonlarin kullanildigi simulasyonlarda gozlenmistir.
Tablo 1 : llaclarin yogunluklari ve element konsantrasyonlari
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Sonuc ve Oneriler

Simulasyonlar sonucunda elde edilen veriler gostermektedir ki timorun icinde ya da etrafinda
kanser ilaclarinin varligi sogurulan doza etki edebilmektedir. Tedavi plani hazirlanirken
radyoterapi alacak hastalarin kullandigi ilaglarin da g6z 6nlinde bulundurulmasi kritik bir 6neme
sahiptir. Tedavinin aksamamasi ve farkli olumsuz sonuclara sebep olmamasi icin medikal
alandaki arastirmacilarin da katilimiyla daha kapsamli calismalar yapilarak ila¢ - sogurulan doz
iliskisi icin duzeltme faktorleri elde edilebilir.
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Elektrokimyasal kapasitor olarak da bilinen bir suiper kapasitor,
bliylik miktarda elektrik enerjisini hizh bir sekilde depolayabilen ve
serbest birakabilen bir tiir enerji depolama cihazidir. Siiper @
kapasitorler, 6zel olarak tasarlanmis elektrotlarin yuzeyindeki
elektrik yuklerinin ayriimasiyla enerji depolar. _
Siiper kapasitorler yiiksek giic yogunluklari ile bilinir, bu da biiytik ) 20 40 6K 0 W0 120 o o 0 M X0
miktarda elektrik enerijisini hizh bir sekilde iletebilecekleri ve uzun e S
cevrim omirleri anlamina gelir, bu da depolama kapasitelerini
kaybetmeden binlerce kez sarj edilip bosaltilabilecekleri anlamina
gelir. Bu ozellikler, elektrikli araclar, yenilenebilir enerji sistemleri
ve yedek guc kaynaklari gibi cesitli uygulamalarda kullanish
olmalarini saglar.

3 mA-{(c) = 5 mA-(d)
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Sekil (@) rGonun 0.5 mA'de GCD egrisi ~ Sekil (b) rGonun 1 mA'de GCD egrisi
Sekil (¢) rGonun 3 mAde GCD egrisi  Sekil (d) rGonun 5 mA'de GCD egrisi
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i g E"""Ctgte I/Se%’am' g i} GCD(Galvanostatik sarj-desarj) elektrokimyasal enerji depolama
I g I g ; cihazlarindaki elektrotlarin sarj ve desarj islemlerini kontrol etmek icin kullanilan
il G S 1 © @ = bir tekniktir. Bu teknik, sabit akim ile elektrotun sarj veya desarj ediimesi

A Wy isleridir.
i Electric Double Layers _
| — |
Bu sekilde 0.5, 1, 3, 5 mA akmlarindaki
| kapasitanslar verimistir. Bu grafige goére
: . et e .. . . 5 en distk akimda yiksek kapasitans elde
Elektriksel biriktirme yontemiyle elektrotlar %2lik rGO ve 0.1 5 odilir
molarlikLiClO, ile kaplandi. 6 saatlik isitma islemi sonrasinda darbe TNa—
ile rGO fazlahgindan arindirildi ve béylece daha gézenekli bir yapi 2 i
elde edildi. - N S

Sekil 3. rGO'nun 0.5,1,3,5 ve 10 mA'deki spesifik kapasitanslari
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rGO, grafen oksit malzemesinin indirgenmesi yoluyla elde edilir. Bu
islem, grafen oksit malzemesinin kararhhigini arttirarak, elektriksel ve Sekil 4. rGONun Enenji-Giic egrisi
termal iletkenligini arttirir ve mekanik ozelliklerini iyilestirir.

Energy Density (Wh Kg 1)

2000 donguluk bir sarj-desarj analizi sonucunda
bu grafik elde edilmistir. Bu analize dayanarak
sunlar soylenebilir; yaklasik 250 devirde elektrodun

——200mVA | 2 NG baslangic kapasitesinin  dayankiligi  uzun slre
1 ‘ 100 mV/s ‘i 20m\."'s‘ ‘: b e, —— v . .
- 0010 [—200mVis 2 Sl korunmasina ragmen belli bir sinirdan sonra hizla
20 mV/s j |
i - | azald.
: AT [ A )
3 T U S ————
| : e e .
Bu calismada homojen kapl elektrotlardan uretiimis dugme yapida bir stper
N N comai kapasitor elde edimistir. Elde edilen verilerden hazirlanan elektrotlar, yuksek
PotentiallV) T e kapasite, kararllk ve yuksek glic yogunlugu sergilemektedir ve bu nedenle enerji
, , o depolama alaninda kullanilabilir. Ayrica, yuksek guc hucresi yogunluguna ragmen,
Sekil 1. rGo'nun 200 mV/s, 100 mV/s, 50 mV/s ve 20 mV/s'deki CV egrileri o ] 3 ) o ,
Sekil 2. FGONUN 200 MV/s ve 20 mV/sdeki CV egrileri aninda guc iletimi gerektiren tum sistemler icin idealdir.
CV (donusumll voltametri) elektrokimyasal ozellikleri analiz etmek icin kullanilan KAYNAKGA
bir« teknlktlr BU teknik, elektr‘ot Uzer\indeki r‘edoks r‘eaksigonlar‘lnln gemhm ve aklm - Hao L, Li X, Zhi L. Carbonaceous electrode materials for supercapacitors. Adv Mater. 2013; 25(28): 3899- 3904.

e . .  efe g e e e « R. Naresh Muthu, Sankara Sarma V. Tatipart Electrode and symmetric supercapacitor device performance of
degl§|mler| arasindaki |||§klgl oIc;erek Qah@"ﬂ boron-incorporated reduced graphene oxide synthesized by electrochemical exfoliation, 17 Ocak 2020


https://onlinelibrary.wiley.com/authored-by/Muthu/R.+Naresh
https://onlinelibrary.wiley.com/authored-by/Tatiparti/Sankara+Sarma+V.
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FiziKk BOLUMU

Viskoelastik Malzemelerin Basin¢ Altinda Kirilmasinin Yapay Zekaya islenmesi

Hazirlayan : Kutay GURSEL 17022069
Danisman : Dog. Dr. Arzu CILLI

edilen yapay zeka degerleri ile karsilastiriimistir.

OZET

Yapay Zeka, bilgisayar sistemlerine veya makinelerin insan benzeri zekaya sahip olmasi icin tasarlanan teknolojilere

verilen genel bir isimdir. Yapay zeka, insan distinme ve problemleri ¢cozme yeteneklerini taklit etmeye calisir.

Yapay zeka, bircok farkli yontem ve teknik icerebilir. "Fuzzy" veya "Bulanik Mantik", belirsizlik ve kesin olmayan
bilgilerle calisan bir matematiksel modeldir. Geleneksel matematikte, bir 6nermenin dogru veya yanlis oldugu net bir
sekilde tanimlanirken, bulanik mantik, dnermelerin kismen dogru veya kismen yanlis olabilecegini kabul eder. Bulanik

mantik, gercek diinyadaki belirsizliklerle basa ¢ikmak icin kullanilir.

Bu calismada Yapay Zeka ve onun bir yontemi olan “Fuzzy” kullanilmistir. Viskoelastik malzemelerin basing¢ altinda

kirllma teorisinde Akbarov yontemiyle elde edilen kritik teorik kirilma degerleri, MATLAB’ de Fuzzy yontemiyle elde

Akbarov Yontemi ile Elde Edilen Sonuclar

Bu calismada viskoelastik malzemelerin basing altinda kirilmasinin Akbarov yontemiyle elde edilen teorik degerleri asagidaki
ilk boliimde ki tablolarda verilmistir. ikinci béliimde ki tablolarda ise yapay zeka yoéntemlerinden biri olan Fuzzy ile,
elde edilmis kritik degerlerin sonuclarinin, teorik degerlerle uyumu ve hata oranlari gosterilmistir.

Tablo 1

w= 0.5, a=-0.3, E =50, n=0.2 durumunda p degisiminin
tcr. degerlerine etkisi

0.18 0.20 0.22 0.23 0.24 0.25 0.27
6.599 2.900 1.700 1.299 1.000 0.800 0.569
6.300 2.799 1.649 1.269 1.000 0.800 0.569

Tablo 2
w=0.5, a=-0.3, E= 100, n= 0.2 durumunda p degisiminin
tcr. degerlerine etkisi

0.22 0.23 0.24 0.31 0.36 0.38 0.42
1.450 1.200 0.970 0.270 0.115 8.39x10’-2  3.50x10’-2
1.450 1.200 0.970 0.270 0.115 8.39x10°-2  3.50x10’-2

Tablo 3
w= 0.5, a=-0.3, p=0.28, n=0.2 durumunda E degisiminin
tcr. degerlerine etkisi

100 150 200
tcr.0 0.490 0.469 0.449 0.400
0.479 0.465 0.449 0.400

Tablo 4
a=-0.3, E= 100, p= 0.42, n= 0.2 durumunda w degisiminin
tcr. degerlerine etkisi

0.5 1.0 2.0 3.0 5.0 6.0
EETN 3.50x10-2  3.90x10-2  5.00x10-2  6.49x10"-2 0.189 0.649
NEE 3.50x10-2  3.90x10°-2  4.89x10-2  6.49x10°-2 0.189 0.649

Tablo 5
w=1, E= 100, p= 0.45, n= 0.2 durumunda a degisiminin
tcr. degerlerine etkisi

0.7 -0.5 -0.3 -0.1
EET  9.999x10'-5 3.800x10’-3 1.400x10’-2 3.200x10’-2
LT 9.999x10-5 3.599x10"-3 1.400x10’-2 3.099x10’-2

Tablo 6
w= 0.5, E= 100, p=0.32 durumunda a ve n degisiminin
tcr. degerlerine etkisi

I R
n n n

0.1 0.2 0.5 0.1 0.2 0.5 0.1 0.2

m 0.10
m 0.10

0.209 2.50 7.5x10’-2  0.170 4.90 2.3x10’-2  8.8x10’-2

0.209 2.50 7.5x10’-2  0.170 4.90 2.1x10’-2  8.8x10’-2

Fuzzy ile Elde Edilen Sonuglar ve Hata Oranlari

Tablo 1

Elde edilen sonuclara %0 ile %7 hata oraninda uyum
gosterdigi gozlemlenmistir.

- 0.20 0.23 0.24
131180 59080 45450
Tablo 2

Elde edilen sonuglarla %0 ile %3 hata oraninda uyum
gosterdigi gozlemlenmistir.

- p
- 0.24 0.31 0.36
_ 44090 12270 5220
43700 12300 5250
%0.89 %0.24 %0.57
L ]

_ 4409 1227 522

4300 1230 522
%2.53 %0.24 %0

Tablo 3

Elde edilen sonuglarla %0 ile %4 hata oraninda uyum
gosterdigi gdozlemlenmistir.

_ 22270 21313 20450 18180
22900 21600 20700 18600
%2.83 %1.35 %1.22 %2.31
_ 2191 2113 2045 1818
2250 2130 2030 1850
%3.16 %0.80 %0.74 %1.76
Akbarov Yontemi

Akbarov yontemi, cok kriterli hesaplamali problemlerde
kullanilan bir yontem olup, farkh kriterlerin ve alternatiflerin
performanslarini degerlendirerek optimal teorik sonuclar elde
etmeyi saglar.

Tablo 4

Elde edilen sonuclarla %0 ile %4 hata oraninda uyum gosterdigi
gozlemlenmistir.

W
_ 2268 2995 8630
2270 2990 8540
%0.09 %0.22 %1.05
L ]
_ 222.22 295 863
%3.84 %2.37 %1.05

Tablo 5

Elde edilen sonuclarla %0 ile %8 hata oraninda uyum
gosterdigi gozlemlenmistir.

- alfy
m 12.7 1450
%2.36 %7.41
L
_ 15.9 140
= 1L
%6 %0.71

Tablo 6

Elde edilen sonuclarla %0 ile %14 hata oraninda uyum gosterdigi
gozlemlenmistir.

-m-m:—
n n n
_ 0.1 0.2 0.5 0.1 0.2 0.5 0.1 0.2
m 4540 9540 113630 3400 7720 222720 1040 4000
4660 9700 108000 3400 6810 213000 1040 3970
%2.64  %1.68  %5.21 %0 BEEE o456 %0 %0.76
L]
m 454 954 11363 340 772 22272 99.5 390.45
453 954 11100 350 772 21100 102 398
%0.22 %0 %237  %2.94 %0 %5.55 %251  %1.93
Viskoelastisite

Viskoelastik, viskozite ve elastisite ozelliklerini bir arada
gosteren bir malzeme veya maddenin 6zelligini ifade eder.
Viskoelastik malzemeler, hem akiskan hem de kati davranislari
sergileyebilir.

Viskoelastik malzemeler, bir dis kuvvet uygulandiginda hem

deformasyon (kalici sekil degisimi) gosterebilirler J
hem de kismi bir sekilde geri donebilirler (yani orijinal N~—
sekline yakin bir sekle geri dénebilirler). $

Tablo 5

——-

YONTEM

"Fuzzy", kullanildigi duruma baglh olarak farkli anlamlara sahip olabilen bir terimdir. Yaygin olarak
kullanilan yorumlardan bazilari sunlardir :

Fuzzy Logic : Bulanik mantik, belirsizlik veya belirsizlik altinda akil yiritme ve karar verme ile
ilgilenen matematiksel bir mantiktir. ifadelere 0 ile 1 arasinda dogruluk dereceleri atayarak kesin

olmayan veya 6znel bilgilerin temsiline izin verir.

Bir ifadenin dogru veya yanlis oldugu geleneksel ikili mantigin aksine, bulanik mantik kismi

gercek kavramini barindirir.

Fuzzy Set Theory : Bulanik kiime teorisi, klasik kiime teorisini belirsizlik ve belirsizligi ele almak
icin genisleten matematiksel bir cercevedir. Klasik kiime teorisinde, bir eleman bir kiimeye aittir
veya ait degildir, ancak bulanik kiime teorisinde Uyelik, bir aidiyet derecesi olarak ifade edilir. Bu

durum, belirsiz veya belirsizlik kavramlarinin temsilini ve manipuilasyonunu saglar.

Fuzzy Tablolari
Tablo 2
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Ongériilemez Degerler

Bu datalarin karsilastiriimasi haricinde hesaplanmayan bazi ara degerleri de biz ekledik veya degistirdik. Bu degistirdigimiz veya

ekledigimiz datalari ana datalarimizla karsilastirdik.

Normal Parametre (Tablo 2)
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Normal Parametre (Tablo 1)

Deginilmemis Parametre
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0.2 142000 83000 46400
%7.7 %7.5 %2.09

Bu kurgulanan sistemde, yeni parametreler vererek elde ettigimiz datalari kullanmis olsaydik yeni tcr.0 ve tcr.eo elde ediyor
olacaktik. Yeni elde edilen datalarin ise daha once karsilastirmalarda oldugu gibi %0 ile %8 arasinda hata payini
gozlemlemis olduk.

Tesekkiir: Bu calismanin Fuzzy Yéntemi kisminda desteklerini esirgemeyen ve bana yol gdsteren Abant izzet Baysal
Universitesi Ogretim Uyesi Do¢. Dr. Murat BEKEN hocama sonsuz tesekkiirlerimi sunarim.
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MOS (Metal-Oxide-Semiconductor) DEVICES
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ABSTRACT

Metal-Oxide-Semiconductor devices have revolutionized the field of modern electronics, playing a pivotal role in the development of integrated circuits and countless electronic devices.

This abstract provides a concise overview of MOS devices, highlighting their working principles, advancements, and diverse applications. The foundation of MOS devices lies in the metal-oxide-semiconductorstructure,
composed of a metal gate electrode, an insulating oxide layer, and a semiconductor substrate. This configuration enables the control of charge carriers within the semiconductor by modulating the electric field at the oxide-
semiconductor interface. The key operating principle of MOS devices is the modulation of the channel conductivity through the application of a gate voltage. In recent years, significant advancements have been made in MOS
device technology. The relentless pursuit of miniaturization has led to the development of sub-10nm MOS devices, incorporating novel materials, advanced fabrication techniques, and innovative device architectures. These
advancements have enabled higher device densities, increased performance, and reduced power consumption, thereby driving the rapid evolution of electronic devices. MOS devices find extensive applications in various
electronic systems. From microprocessors and memory chips to sensors and display technologies, MOS devices form the backbone of modern electronics. The high integration density, low power consumption, and scalability of
MOS devices make them indispensable in portable devices, wearable technology, and emerging technologies such as artificial intelligence and quantum computing.

Background and Importance of MOS Devices in Modern Electronics
The concept of the Metal-Oxide-Semiconductor (MOS) dates back to the late 1950s and early 1960s. The earliest MOS
transistors were based on research conducted by Mohamed Atalla and Dawon Kahng at Bell Labs in 1959. They
demonstrated the potential of a metal gate electrode separated from the semiconductor by a thin layer of oxide to control
the flow of current in a semiconductor device.

Throughout the decades, MOS devices have played a crucial role in the development of digital electronics, contributing to the

rapid growth of the semiconductor industry.

MOS Device Basics

The basic structure of a MOS device consists of three layers: a metal layer (usually aluminum or copper), an insulating layer

of oxide (typically silicon dioxide), and a semiconductor layer (usually silicon). The metal layer acts as the gate electrode,
the oxide layer serves as the insulator, and the semiconductor layer forms the channel region. The principals of forming
MOS structure are similar to the metal-semiconductor (MS) contact structures, but the MOS structure is like a sandwich
structure which have a thin layer of silicon oxides in the middle between metal and semiconductor (Si) layer.

MOS Transistor

A common MOSFET is a four-terminal device that consists of a p -type semiconductor substrate into which two n+-
regions, the source and drain, are formed, usually by ion implantation. The Si02, gate dielectric is formed by thermal
oxidation of Si for a highquality Si02 — Si interface The metal contact on the insulator is called the gate; heavily
doped polysilicon or a combination of silicide and polysilicon is more commonly used as the gate electrode.
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MOS Capacitor

An MOS capacitor is made of a semiconductor body or substrate, an insulator film, such as

S102, and a metal electrode called a gate. The oxide film can be as thin as 1.5 nm. The MOS capacitor is not a widely used
device in itself. However, it 1s part of the MOS transistor. A MOS transistor is a MOS capacitor with PN junctions at two
ends.
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$10,

St

S1 body l

MOS Device Fabrication Techniques

Silicon wafer preparation and cleaning : First, sand is heated until it
melts into a high purity liquid and then gets solidified by crystallization.
The resultant silicon rod is called an ingot. These ingots are sliced into a
disc thinly sliced wafers. The surface of sliced wafers is rough and
contains defects. So polishing machines are used to polish the surface of
the wafer.

A silicon water tabricated with
mikreelectronic crouits

Final water product after polishing, Samond saw
cleaning and Inspection

Oxidation: A process to make the wafers semiconductive. Wafers go
through the oxidation process. Oxygen or water vapor is sprayed on the
wafer surface to form a uniform oxide film. This oxide film protects
the wafer surface during the subsequent processes and also blocks

current leakage between circuits. The film acts as a strong protective
shield.

< Lo

Lithography and patterning :In order to draw the circuit on the 4
wafer, the photoresist, a material that responds to light is applied ‘ J
thinly and evenly on the oxide film previously placed on the

wafer.when light transfers the patterned photo mask, the circuit is
drawn on the wafer surface. Just like developing a photo, a circuit
pattern is imprinted on the wafer by spraying, developer and Lo
removing unlit areas from the areas that are exposed to light.
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Etching and removal of unwanted materials : The etching
process is used immediately after photolithography to etch Matertal o etch

the unwanted material from the wafer.There are two main Si-substrate

methods of etching, wet etching and dry etching.

*  Wet Etching: When chemical solutions are used for

etching, it is called wet etching.
* Dry Etching: When gas or plasma is used, it is called dry

No

Undercut
" N

. Isotropic: etches equally in all directions
etching. different directions

This leaves a pattern on the wafer in the exact design of the
mask. The hardened photoresist is then removed (cleaned)
with another chemical.

“

Anisotropic: etches at different rates in

Doped Region
Doping and diffusion of impurities : Electrical characteristics
of selected areas on the developing integrated circuit are :

PR ﬁl I
changed by implanting energized ions (dopants) in the form

»3
of specific impurities into areas not protected by resist or other 1 Si {‘ Si
ayers. The dopants come to rest below the wafer's surface,
creating the positive and negative areas on the wafer which
encourage or discourage the flow of electrical current
throughout the die.

Junction depth

lon Implantation

Metal Wiring : in order for this circuit to work, an electrical i s

signal must be applied. It is necessary to create a path for
electricity to pass through according to the circuit pattern.

This process is called the metal wiring process.

It is a process that allows electricity to flow by depositing a thin
metal film using materials such as aluminum, titanium or
tungsten so that electricity can pass through the semiconductor
wells.

Final Testing : Each memory chip is tested at various stages in the manufacturing process to see how fast it can store

or retrieve information.The completed packages are inspected, sealed, and marked with a special ink to indicate product
type, date, package code, and speed. The finished goods area ships the chips to computer, peripheral,
telecommunications, and transportation customers throughout the world.

o iy -

Applications of MOS Devices

Metal-Oxide-Semiconductor devices find extensive applications :~ i
in various fields, with digital integrated circuits being one of the I : |
most significant areas.

* Microprocessors

* Memory Chips

* Digital Signal Processors

* Field-Programmable Gate Arrays

» Application-Specific Integrated Circuits
* Digital Sensors

* Display Technology (LCD) (OLED)

* Power Electronics

* Amplifiers, Filters

* Biosensors, Energy Harveseting

* Sensing Devices

* Thermoelectric Devices

* Neuromorphicsystems
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Challenges and Future Directions

e Scaling and miniaturization: One of the challenges is scaling down the size while maintaining performance.
As devices become smaller, the effects of quantum mechanics and short-channel effects become more
prominent.

* Power consumption: Leakage currents, subthreshold leakage, and dynamic power dissipation are significant
concerns. Future directions involve exploring alternative device architectures, such as nanowires, nanotubes,
and tunnel field-effect transistors (TFETs), which promise better control over power consumption.

» Integration of new materials: Traditional MOS devices utilize silicon as the semiconductor material, but the
exploration of new materials is essential for future advancements.

* Beyond classical computing: Emerging fields like neuromorphic computing, quantum computing, and flexible
electronics seek to integrate MOS devices into flexible substrates for applications like wearable devices and
rollable displays.

 Beyvond Moore's Law: The traditional scaling predicted by Moore's Law is reaching its limits due to physical
and economic constraints.Future directions involve exploring new paradigms like heterogeneous integration,
specialized accelerators, and system-level optimization. This approach involves combining different
technologies, such as 3D stacking, advanced packaging, and integrating diverse functionalities onto a single
chip.
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Einstein Alan Denklemlerinin

Matematiksel Arka Plani
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Isaac Newton'un Kutle Cekim Yasasi, gozlemler ile tam olarak uyusmadigi anlasildiktan sonra bu kusurlarin giderilmesi
Albert Einstein'in gelistirdigi Alan Denklemleri ile saglanmistir. Bu calismada Einstein Alan Denklemleri'nde yer alan
matematiksel ifadeler ve bu ifadelerin fiziksel karsiligi temel anlamda aciklanmaya calisilmistir.

Giris

1915 yilinda yayinlanan Einstein Alan Denklemleri (EFE)Y, cisimlerin hareketinin bir kuv-
vet nedeniyle olmadigini, 3 boyutlu Riemann egri uzayini zaman boyutu ile birlikte ele
alarak “uzay-zaman” kavramiyla evreni agiklamistir.[1]

Einstein Alan Denklemleri

Einstein'in tasvirine gore uzay her yerde izot-
ropik degildir; cisimler uzay-zamani kutleleriyle
bukerek egrilikler meydana getirir ve olusan bu N
jeodezik egriler uizerinde hareket ederler. Bu ha-
reketleri sonucu ortaya cikan ivmenin kuvvetin

nedeniyle oldugu dusunulse de gercekte hareke-

tin nedeni kutlenin uzay-zamanin izotropikligini ®

bozmasidir(Sekil 1).
1 S
R,uu — §Rg,uu + Ag,ul/ — ?TMV (1)

“Matter tells space-time how to curve, and
space-time tells matter how to move.”
“Madde uzay-zamana nasil bukulecegini soyliyor, uzay-zaman da maddeye nasil ha-
reket etmesi gerektigini.”

S

Sekil 1: Uzay-zaman egriligi.

EFE icerinde yer alan tensorlerin anlamlari
asagida verilmistir.

¢ g, Metrik tensor » /\

o R}, Riemann Egrilik Tensori - / N

e 17, Ricci tensoru | \

e R Ricci skaleri | X RN

o7, Enerji-Momentum tensoru t \
N~ ~

Metrik Tensor

Metrik tensor g,,, uzayda vektorlerin
uzunlugunu® ve skaler carpimlarini hesapla-
mak icin kullanilir.

ds* = g,,dx"dz” (2)
Metrik tensor, bir vektorun boyutunun tum

egri uzaylarda invaryant kalabilmesi icin, koordinat donusumleri altinda baz vektorlerine
bagh olarak vektor bilesenlerinin nasil degismesi gerektigini soylemektedir.[2]

Sekil 2: Kapali bir egrinin yola bagl
olarak dogrultusunun degismesi.

Riemann Egrilik Tensoru

Ricci Tensoru ve Ricci Skaleri hesabi icin Ri-
emann Egrilik Tensoriiniin? belirlenmesine ih- SEaE . , ,
tiyac vardir ve uzayin egriligini ifade etmektedir. N 7

v 1 Vo ‘:} j,
pA — §g (0ugre + OrGuo — Osgur)  (3) SEEEEmEEE

aci degisimini hesaplamakta kullanilir. (Sekil 2) ///////////////////////////////ﬂ

Vektorlerin baz bilesenlerinin koordinat sistem- Sekil 3: lki cism.in uza}/.—zaman
leri lizerindeki degisimleri Christoffel Sembolleri® S|k|§ma§| nedenlyl.e Diinya'nin
[" ile ifade edilmektedir. merkezine hareketi.

lki vektorun paralel tasinmasi sonucu olusan
vektorun baslangic ile bitis noktasi arasindaki

Ry, =00, — 0,15, + 15,15, — 15,15, (4)

Ricci Tensoru

Ricci Tensorit, Riemann Egrilik Tensorii ile
metrik tensorun carpimi sonucu elde edil- @
mektedir.

R, = RY — g&ﬂRwﬁV

[11e%%
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Ricci  Tensoru, vektorun bilesenlerinin
veya hacim elemaninin jeodezik egri bo- o
yunca artis veya azalisini ifade eder-
ken, geometrisindeki degisimi gostermez.
Ricci tensoru hesabiyla, uzayin genislemesi
veya daralmasi anlasilabilir.  ($Sekil 5)
Bu genisleme ve daralma ise, uzaydaki

kitle ve enerjiden kaynaklanmaktadir ve

uzayin geometrisi hakkinda bilgi vermek- Sekil 4: Jeodezik egri boyunca birim
tedir. hacim elemaninin (a) kiictilmesi, (b)

blyumesi.

Ricci Skaleri

Ricci Skaleri® Ricci Tensoérii ile met-
rik tensorun carpimi  sonucu elde
edilmektedir.[3]

Ricci Skaleri, bir uzayin egriligini, bir
cismin hacminin duz uzaya oranla nasll
degistigini (Sekil 4) soyleyerek, uzayin
genisledigini veya daraldigini , buna
bagl olarak da bir kuvvet alaninin et-
kisi altinda olup olmadigini soylemekte-

dir.

R = QWRW (6)

Sekil 5: Uzay-zamanin pozitif (a)
egriligi, (b) negatif egriligi, (c) diiz ol-
masi.

Enerji-Momentum Tensoru

Enerji-Momentum Tensorii (Stres-Enerji Tensorii) 1), uzay-zaman igerisinde enerjinin
akisini (flow) ve momentumun dagilimini ifade etmektedir. Stres-Enerji Tensorl, tensor
komponentleri icerisindeki bilesenleri (Enerji yogunlugu, Momentum yogunlugu, Stres-
Basing, Enerji akisi ve momentum akisi) ile uzay-zamanin nasil egrilecegini aciklamaktadir.

Bu calismayi hazirlama surecinde derslerine katilmama musaade ettigi ve
degerli goruslerini esirgemedigi icin es danisman hocam kiymetli Prof. Dr. A.
Savas Arapoglu’na tesekkiirlerimi sunarim.
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SUMMARY In our study, it was observed the effect of different anodization times (10-110 min) and the addition of isopropanol (3/5 ratio) to the HF:dH2O electrolyte on the morphological properties of porous silicon (PS) structures produced at a constant

current density (1:3:1-dH20:ISOP:HF, J=30 mA/cm? ), as well as on the efficiency of Ag/PS/nSi mini water (dH20) fuel cells using these PS structures. The highest open-circuit voltage and the highest short-circuit current were measure to be 320 mV and

0.22 mA/cm? (respectively) in the cell made with PS, produced at 50 min. The highest power conversion efficiency was measured to be 70.4 mW/cm?2. The structural significance, apart from the measure of porosity, has been clearly demonstrated as the

efficiency decrease compared to the cells made with PS produced under the same conditions using only dH20.

Porous Silicon (PS) is known as a material that covers ¢Si which is generated by electrochemical etching crystalline
silicon in aqueous or non-aqueous electrolytes containing hydrofluoric acid (HF)[1], forming a sponge-like layer, which
provides a significantly large surface area of 103 m?/m?3, framing the pore perimeters in the range of nm/um, resembling
a spider's web. The porosity measure of the structure is one of the fundamental parameters and holds importance in
applications such as batteries and sensors. The pores serve as channels that transport fuel to the catalyst for oxidation
reactions, and the increased surface area of the porous layer compared to normal ¢Si allows for enhanced reaction rates,
thus improving the efficiency of fuel cells.

Production of Porous Silicon L.aver on ¢Si:

PS layers were formed using an n-type (111) single crystal Si (r= 1x10-2Q.cm) as anode and Platinum (Pt) as cathode.
The Si surface was subjected to an anodization process using a (1:3:1)HF:ISOP:dH,0 and (1:0:4), solution for different
durations (10-110 min) and 50 min respectively. The process was performed at constant current density of 30 mA/cm?
and under white 1llumination using the experimental setup shown in Figure 1.

Ag/GS/S1 diodes were obtained by coating 200 nm Ag metal on the GS/Si1 structure produced at different anodization
times. The room and dH2O current-voltage characteristics between the Ag-nSi contacts of these diodes were measured

and the fuel cell behavior in dH20 was investigated.

Scaning Electron Microscopy (SEM) Images of Porous Silicon (PS) Structures:

Figure 1. PS anodization cell

Surface images of the produced porous silicon (PS) structures for c¢Si, 50, and 110 minutes, created under the conditions
of (1:3:1-dH20:ISOP:HF, J=30 mA/cm2) are provided below.

Figure 2. SEM Pictures of ¢Si and PS structures under different anodization conditions
(a) 1:0:4-dH,O:ISOP:HF (b) 1:3:1-dH,O:ISOP:HF 50 min and, ¢) 1:3:1-dH,O:ISOP:HF 110 min
(J=30 mA/cm?) |2].

As seen in the SEM images, it is determined that the PS structures, produced without using isop (a), are pored down
towards the cSi substrate shaped as cones with a width of 1-5 um. However, when 1sop is used(b,c), it is determined that
as the anodization time increases, the PS layer starts to get compact, closing the pores of the PS structure and forms a
separated appearance with shallow and narrow cracks ~nm). According to these images, it has been determined that the
use of isop clearly leads to the production of a homogeneous sponge-like compact PS layer.

The current-voltage characteristics of Ag/PS/nSi diodes

c-Si

(a) PS-50 min (HF:ISOP:dH20; 1:0:4)

The current-voltage characteristics of Ag/PS/nSi diodes created with PS layered structures produced at different
anodization times under the production conditions mentioned before are shown. These measurements were taken using a
Keithley 2400 instrument in ambient conditions and in fuel (dH20). The measurements were taken between the back In

contact and the Ag silver contact.
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Figure 3. Current voltage characteristics of Ag/PS/nSi diode structure with produced different anodization
conditions PS layer (1:3:1-dH,O:ISOP:HF (10-110 min), J=30 mA/cm? )

e dH20
O Air

J.. (mA/cm?)

200 A

150 4

100 4

®dH20 200 ]

o4 T ©
=
RS e O
@ O Air < 150
o £ ©
oe — 100 o
O,
) °
(o]

e dH20
O Air

093
3
R
0
WO
W

T (mA/em2)

200 1

150 ]

100 ]

1:3:1-dH,O:ISOP:HF PS-Production time 70

1:3:1-dH,O0:ISOP:HF PS-Production time 30 min 1:3:1-dH,O0:ISOP:HF PS-Production time 50 min
o) ®dH20 & 20 ]
o) O Air g °
O :z 150 ]
o E ] i
o) : ]
OO —_ 100 - ?
S 3]
&
&
1

1:3:1-dH,O:ISOP:HF PS-Production time 110

The current-voltage characteristics of Ag/PS/nSi diodes created in different anodization periods under conditions specified
above measured using a Keithley 2400 device are shown under both room conditions and in fuel (dH,O).

Structures composed of PS-coated structures produced at different anodization durations, along with Ag/PS/nSi structures, have
been determined to exhibit rectifying characteristics in both room conditions and under fuel (dH20) with respect to current-
voltage characteristics, acting as Schottky diodes. As shown in Figure 4, while the current-voltage characteristics obtained
under room conditions did not exhibit the fourth quadrant, when the characteristics obtained in dH20O fuel were magnified, it
was determined and analyzed that all structures produced open-circuit voltage and short-circuit current with different
efficiencies.
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Figure 4. Short circuit current — open circuit voltage characteristics of Ag/PS/nSi diode structure with
produced different anodization conditions PS layer (1:3:1-dH,O:ISOP:HF (10-110 min), and 1:0:4-
dH,O:ISOP:HF (50 min), J=30 mA/cm? , different times)

The changes of short-circuit current, open-circuit voltage, and power conversion efficiency of Ag/PS/nSi diodes, created in
different anodization times under the production conditions specified above, measured in fuel (dH20), is given below
Figure 5.
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Figure 5. Short circuit Current —open circuit voltage and power density of Ag/PS/nSi fuel
cells structure versus PS production time

In Ag/GS/S1 dH20 fuel cells, it has been determined that the efficiency of the cell is directly affected by the surface properties of
the porous silicon structure formed during the anodization process, especially the porosity. When PS layers produced using Isop
are evaluated within themselves, the maximum short-circuit current and open-circuit voltage were measured in our 50-minute
sample (0.22mA, 320 mV), and the minimum short-circuit current (0.12mA,) in our 110-minute sample.

The efficiency was higher in the 50 min sample produced with the equivalent volume of solution without ISOP (1:0:4:
HF:ISOP:dH,0).

When Ag/GS/S1/Ag/GS parts of Ag/GS/S1/ diodes are placed in dH2O, open circuit voltage-short circuit current is observed in the
4th region of the current voltage characteristic taken between Ag-nSi contacts.This indicates that Ag/GS/Si/ structures behave like
fuel cells when immersed in fuel. The process of acting as a battery can be described as follows.In Ag/GS/Si/In fuel cell, Ag film
is defined as the anode acting as catalyst and solid electrolyte as GS structure proton exchange membrane (PEM) [3].
If the GS/S1 is defective, the boundary region will act as the cathode.
When water molecules hit the surface of the silver metal film catalyst;

2H,0 - 2H, + 0,

and hydrogen to proton (H*, p*)) and electrons (e™) with the following two different reactions
H, > 2H" + 2e” or/and H,0 - H" + OH™

While the electrons formed go around the outer circuit, H+ ions (protons) pass to the cathode.Oxygen and non-degradable water
molecules reach the cathode region from the GS surface, interact with protons to form water molecules again.

It has been clearly defined that optimum cell efficiency i1s achieved with sufficiently large pores, where porosity and morphology
make the water formation stage particularly difficult in this process.

CONCLUSIONS:

* Electrical characterization of Ag/GS/Si/In fuel cells produced with PS layers prepared using ISOP in dH20 fuel
resulted in the highest open circuit voltage of 0.32 V and short-circuit current density of 0.22 mA/cm2 at room
conditions.It was determined by SEM pictures that the use of 2-propanol (Isop) in the formation process of PS-
Structure provides shallower pores and a more compact, spongy surface formation on crystalline silicon compared to
non-ISOP, and that it can be used for pore size control.

 In addition, when SEM and IV-characteristics were evaluated together, it was determined that the compact-porous
surface structure of PS material decreased the battery efficiency (70.4 mW/cm?2), while the formation of large, deep
pores increased it (92.5 mW/cm?).

* Our research was determined to examine the effect on controlled pore size and PS layer thickness with the use of
isopropanol.
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FIZIK BOLUMU
Nukleer Spektroskopi Verilerinin Python Kullanilarak Incelenmesi

Ozgiin BUYUKTANIR 14022009
Danismanlar: Dog. Dr. Ayse DURUSOY, Ogr. Gor. Dr. Ozgilir AKCALI

OZET NUKLEER KAYNAKLAR

Spektroskopi (Tayf bilimi), bir 6rnegin uyarilarak veya dogrudan 6érnek tarafindan yayimlanan radyasyon, manyetizma, optik Bu calismada 6rnek olarak Co-60, Ba-133 ve Cs-137 kullanilmistir. Co-60 ve Cs-137 beta i1simasi yapmalarindan sonra, Ba-
vb. niceliklerin incelenerek; 6rnegin yapisi ve fiziksel 6zelliklerinin tayininde kullanilan bilim dalidir. Spektroskopi, astrofizik- 133 elektron yakalanmasi sonrasinda kaynaklar gama i1simasi yaparlar. Bu bozunumlarin enerji seviyeleri, olasilik siddetleri,

te galaksilerin kizila kaymasi, kimyada molekdllerin titresimlerinin yakalanmasi, nikleer fizikte radyoaktif izotoplarin tayini bozunum enerjileri ve yari dmirleri asagidaki bozunum semalarinda gosterilmistir.

gibi bircok alanda yaygin olarak kullanilr.
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duruma gecerler. Bu durumdan da gama isimalari yaparak kararli duruma gecerler. Bu isimalarin bir dedektor yardimi ile ya- 1908

kalanarak, enerji dagilimi olarak 6lclilmesi ve incelenmesi niikleer spektroskopi olarak isimlendirilir. Bu teknik, radyoaktif izo-

b—81  A283NS

toplarin fiziksel 6zelliklerinin tayininde kullanilir. Gama isimasinin yakalanmasinda en cok tercih edilen dedektorler, Nal(Tl)

. . . . . . . 00 STARLY ‘2 L 00 STAanLl 69 12020 324 Yt 0.0
sintilasyon dedektorleri ve Ge yari iletken dedektorlerdir. E Wga

GAUSS DAGILIMI SPEKTROSKOPI VERILERIRININ PYTHON ILE INCELENMESI

Gauss dagilimi (Normal dagilimi), beklenen deger ve standart sapma

Gaussian Distribution

olarak iki parametreye bagh bir stirekli olasilik dagilimidir. Genel formu,

f@) = —— e o) = Ne 2 (T

oV2m
Xo: Beklenen Deger Cs-137 gama 1sin1 spektroskopisi simule edilmis daha sonra elde edilen veriler analiz edilmistir. Programin akis semalari asa-

Python, yavas bir programlama dili olmasina ragmen, zengin bilimsel, istatistiksel ve veri gorsellestirme kiutlphaneleri saye-

sinde buyuk miktarda verinin islenmesinde tercih edilen bir yazilim dilidir. Bu ¢alismada Python kullanilarak Co-60, Ba-133,

FWHM = 235 o g: Standart sapma gida gosterilmistir.

N: Veri miktar
FWHM: Maksimum yarisi tam genislik 1.KISIM

Probability Densty
© o o o
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seklindedir. Gauss dagilimi, -oo ile +oo arasinda taniml bir dagilim ol- Kullanici N S Verilerin dizine dékilerek
Gauss dagihimi ve egrinin
Calistir tarafindan grafik olusturulmas:

. o , olusturulmas:
verilerin girilmesi

masina karsin, Nukleer spektroskopide istenilen degerde en uygun for-
Value

mu olusturdugu icin en yaygin tercih edilen istatistiksel dagilimlardan-

dir. NUkleer spektroskopide xq 1Isimanlarin kanal degeri veya enerijileri olup,o ¢ozunurlige bagl bir degiskendir ve sisteme et- Gauss dagilimi ve egrinin

. S = Dizinin Json dosyasi
simetrik turevlerinin

ki eden elektrik, optik gibi fiziksel olgulara gore degisir. olarak disan aktanimas

alinmasi

2. KISIM

GAMA ISINI SPEKTROSKOPISINDE SINYAL ANALIZI

Verilerin ¢ikti olarak

Kullanici tarafindan girilen ; )
verilmesi

verilerin hesaplanmasi

Calistir Json Dosyasi

Gama isini spektroskopisinde drnekten yayimlanan gama isininin enerjisine baglh olarak 5 fiziksel olay gerceklesmektedir.

_ Yayimlanan fotonun enerijisi, E < 1.022 MeV ise: Program c¢iktisi: Co-60 kaynaginin 1173 KeV degerindeki simiilasyonu;

Tam dolu enerji tepe noktasi (Full-energy peak), 6rnekten
Gaussan Deta

yayimlanan fotonun fiziksel bir etkilesime ugramandan de-
dektor tarafindan tespit edilmesidir.

Compton-edge, yayimlanan fotonun elektron ile esnek ol-
mayan ¢arpisma yapmasl sonucu, enerjisini kaybederek de-
dektor tarafindan tespit edilmesidir. Bu durumda enerji

~

Klein-Nashina Compton Scattering Distribution olarak ad- : | "Thee m% w0 1% e uw  wee uw “Tom um  Lm

Ny

landirilan enerji dagilimi gézlenmektedir.

Symmetne Denvative of Gaussan Dats and Merged Data  Symmetrc Dervative of Gavssian Dats Symmetrc Denvative Merged Data
A0+ h ‘ ’ '
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Geri sacllma tepe noktasi (Backscatter peak), dedektoriin duvari tarafinda sogrulan ve tekrar sacilan elektronun dedek- !
tor tarafindan tespit edilmesidir. M gy Sy S ——— "W 340 150 e 1390 B0

E
1 4+ 2E /mc? Similasyon Analiz  Hata

1173 1172.56 %0.04
— Yayimlanan fotonun enerjisi, E > 1.022 MeV ise ¢ift olusum gergeklesir: 20 21.35 %6.75

Eps =

Tek kacis tepe noktasi; eger tek bir foton kurtulursa, Es; = (E - 0.511) MeV a 0.05 0.06 %20

Cift kacis tepe noktasi, eger iki foton kurtulursa, Epg = (E— 1.022) MeV 100 125.19 %25.19
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[2] Krane. (n.d.). Introductory Nuclear Physics.
Python’da yazilmis olan ikinci bir yazilim ile analiz edilmistir. SimUlasyon ile analiz arasindaki fark incelenmistir.
[3] Bevington, & Robinson. (n.d.). Data Reduction and Error Analysis for the Physical Sciences (3rd ed.). McGraw-Hill Compa-

nies.

[4] https://www.nndc.bnl.gov/nudat3/
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FEN EDEB
FARULTE

' Kuantum hesaplama, kuantum mekanigi ilkelerine dayanan ve gelecekte bilgi isleme yontemlerini devrimlendireceébir bilim dalidir. Bu bitirme calismasinda, kimtum hesa

temel kavramlari olan spin ve kubit gibi yapi taslari mceler?mlstlr. Ayrica, kuantum do’anlkllk o’arak adlandirilan fenomenin mantigi ve buglandaklgneml ele alinmistir. Kuanti

h

hesaplamanin teknik yonu de kuantum kapilari araciligiyla kubit manipulasyonu ve birden fazla islemi ayni anda gerceklestirebilen Deutsch algoritmasi gibi orneklerle gé')sterilmistir.

KUANTUM HESAPLAMA

mektedif. o e ' ' '
D)=i1)= 1

0)=14)=

Kuantém dalanikhk & . :

umu olgalmus OI‘.
egin, bi¥ elektro

"

irlerin rs olmandirlar.

Kubitler

® k‘ ntum
|

W) =a|0) + B |1)

0

devrelerinin temel bilesenleri olan

1)

Coklu kiibitler

’ Klgsik hesa|.olamada'|ki bit birl'estirildigiﬁde 4 farkl durum’(00,01,10,11) elde.edilir. Bilgisayarin
bu 4 durumdan hangisine sahip oldugunu sdyleyebilmek icin, birinci ve ikinci bitin degeri belli
olmasi gerekmektedir. Kuantum hesaplamada superpozisyon sayesinde bilgisayarin hangi

£ dgrumda ojdugunu pelirlemek icin 4 adet bilgiyi temsil eden 4 katsayiyi (a,B,y,d) bilmemiz

eksponansiyel artmaya devam eder.
|W)30|00)+B|@1)+Yy[1Q%+5[11)

Kuantum kapilari

iri ile t

matrisle temsil edilebilir.

durumuna getirir. qubit 0
g o0 0 . 10) 1000
X= Cl> cl) X kapisinin matris gosterimi N

Xj)=1) ql—?
XQ=|O) ‘ ‘ ) y ) , l 0 y N

1)

0+

. bilgisayard eIdeediImesindin kayna&anmakt%jlr. ‘
OoT pls. @

1000 1

k. .E‘J‘rinde b"< (NOT)"Iemi gieklestiir. . ® ®
Jo —® =

1000
qo —.—ﬂ—
750
§ 500
0 s
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Girdiler: go=1 ve q:=0;

750 4

G

8

Ciktilar:go=1 ve q:=1
N

Elektronlar, minyatir miknatislar olarak dusunulebilir, bir manyetik alanda bulundugunda
. kmdilerini, kendi kuzey kutuplarinin manyetik alanin kuzey kutbu ile karsilasacak sekilde

kOhumlandirirlar. Bu'konumda iken elektronlar minimum enerji durumundadir ve bu durum |o)
(spin asagqi) ile gosterilmekte, ayrica her elektron bu durumda kalma egilimindedir. Bir
elektronu 180 derece dondurmek icin belli miktarda enerji verildiginde, elektron |1) (spin
yukarl) durumuna gecer, ancak bu durum elektronun kalmak istediqgi
doIay|S|yIa(iIektronu bu duruma getiren kuvvet ortadan kalktiginda, elektron |0) durumuna geri

durum degildir,

lki ya da daha falza parcacik, her birinin 6zelliklerinin diger parcaciklarin 6zelliklerine bagli
olacak sekilde bir iliski gelistirmeleri durumuna, bu parcaciklarin birbirilerinden ne kadar uzak
olduguna bakilmaksizin, kuantum dolaniklik denir. Bu su anlama gelmektedir; iki parcacigin
arasindaki mesafe buyuk olsa da bir parcacigin durumunu olcmekle diger parcacigin da

. .
giftinde,.elektronﬁrm spinl'erinin belli oldugunu séylemek mumkin dedil,
bunun yerine onlarin birbirine dolanmis oldugu soylenir, yani birbirlerine ters spinlere sahip
olduklari soylenir. Bir olcim yapildiktan sonra elektron, olcumde elde edilen spini korumakta,
yani aslinda olcimle elektronun spini belirlenmis olur. Ayni zamanda bir elektron ciftinde bir
elektronun spini ol UIdUkterlionra, ciftin ikinci elektronunun spini hemen belli olur, cunku
bi) olay, JoWnh Stewa't Bell tarafindan kanitlanmistir.

Parcaciklar 0 ve 1 olmak Uzere iki durumda olabileceginden, klasik hesaplamada 0 ve 1
degerlerine de sahip olan bitlerle bir benzetme yapilabilir. Kuantum hesaplamada kullanilan bu
"bitlere" kubitler (kuantum bitler) denir. Bir kubit ile klasik bir bit arasindaki fark, kubitin

n‘kanigin. sUperp.zisyon Q verilenflogrusalfkombinagyonlar olusturabilmesidir.
) >4

5 Bloch kure gosterimi, a|0) + B|1) durumundaki tek bir kUbiti geometrik
e olarak temsil etmenin iyi bir yoludur. Bir kubitin tdm olasi durumlari, ucg
\ e | boyutll bir birige kure ileggemsil eﬁ(ir. Kubit durumlanyve kuantum
uantum kapilarinin bunlari nasil
degistirebileceqgi Bloch kuresinde rahatlikla gortulmektedir.

gerekir (2kibitsaysi=22=4) Yani 3 kUbitimiz varsa, kuantum bilgisayarin sahip oldugu tim bilgileri

ogrenebilmek icin 8 tane katsayiy! bilmemiz gerekir ve kubit sayisi arttikca bu sayi katlanarak

Mantik kapilari, klasik bilgisayarlarda bitleri manipule etmek icin kullanilan temel islemlerden
biri oldugu gibi, kuantum bilgisayarlarda da kuantum kapilari vardir. Matematiksel olarak Boole
isil edile. klasik I.pllarln ‘ine, ku@ihtum kaflilar aslifla Gnitefmatrislerdir.
Uniter matrisler, vektérlerin kiire etrafinda nasil hareket ettigini aciklayan bir sayi blogudur.
Her kuantum kapisi, kubitlerin durumunu temsil eden vektoru degistiren farkh bir UGniter

kapisi
?&durumja uygu'ndlglnd,, onu |1’durumL’a ve |1,durumLﬂa uygu’ndlcjlnda., onu |0)

Iki grafigin icerdigi sonuclardaki farklilik, birinci grafigin sonucunun bir kuantum bilgisayar
simulatorunden elde edilmesi, ikinci grafigin sonucunun ise ideal olmayan gercek kuantum

CNOT kapisi iki kubitlik bir kuantum kapisidir. Bu kapi iki kubit Gzerinde calisir, ilk kubit kontrol
kubiti olarak kullanilirken, ikinci kubit ise hedef kubitidir. EGer kontrol kubiti |0) durumunda ise,
hedef kubite hicbir islem yapilmaz ve eger kontrol kubiti |1) durumunda ise, hedef kubit

AN -
hedef kiibit) oldugu gibi kalir go=1 oldugundan g kiibitine islem uygulanir

Hadamard kapisi * E ¢ @ » a

Hadamard kapisi, |0) durumunu ve |1) durumunu kullanarak stperpozisyon kuantum durumunu
olusturmak icin kullanilan temel kuantum kapilarindan biridir. Matematiksel olarak su sekilde
temsil edilebilir: !

|0) durumuna uygulandiginda asaqgidaki sonuclari verir:(]0)+1))/V(2) kﬁ‘}ﬂ‘

|1) durumuna uygulandiginda asagidaki sonuclari verir:(]0)-|1))/V(2) Hadamard kapisinin

Bell durumlan matris gésterimi

Bell durumu, iki kubitin maksimum duzeyde dolanik oldugu bir kuantum durumudur. Bell
durumlari [00), |01), |10) ve |11) temel iki kubit durumlarin dogrusal kombinasyonlaridirBell
durumlarini olusturmanin en basit yolu, bir Hadamard ve bir CNOT kapisindan olusan bir kuantum
devresi kullanmaktir. Bell durumlarini elde etmek icin yukaridaki dort kuantum durumundan birini
girdi olarak kullanmak gerekir. Girdilerin her biri icin Bell durumlarini temsil eden farkl bir cikti
elde edilir.

Girdi Kt

|00) @) =(|00)C+ 11)) W(2) i _{Ti 1

o4 %) =(00)- LINN@) | qy o 7

|10) W) = (]10) +/01)) N(2) 2 3

11) W) =(]01) - [10)N(2) C = . :

Kuantum paralelligi

Kuantum paralelligi, superpozisyon durumu sayesinde bir kuantum bilgisayarin ayni anda birden
fazla hesaplama yapmasini saglayan bir kavramdir. Baska bir deyisle, bir kuantum bilgisayarin
belirli bir f(x) fonksiyonunun birkac farkh x degeri icin ayni anda degerlerini hesaplamasini saglar.

Deutsch algoritmasi

Deutsch algoritmasi, kuantum bilgisayarin ayni anda birden fazla hesaplama yapabildigini
gosteren ilk algoritmadir. Bu algoritma bize bir Boole fonksiyonunun sabit mi yoksa dengeli mi
oldugunu tek bir adimda soyler.
Not: Sabit bir fonksiyon, tam girdiler icin her zaman ayni ¢iktiyi veren bir fonksiyondur.
Dengeli bir fonksiyon, tam girdiler icin cikti olarak esit sayida sifir ve bir veren bir fonksiyondur.
Klasik hesaplamada bir fonksiyonun sabit mi yoksa dengeli mi oldugunu belirleyebilmek icin
fonksiyonun iki kez degerlendirilmesi gerekir. Ancak, Deutsch algoritmasi kullanilarak bu
prosedur bir adima indirgenmistir.
Ornegin: f: {0,1}-{0,1}

f(0)=0; f(1)=0; f(0)=f(1)—fonksiyon sabittir

f(0)=0; f(1)=1; f(0)=f(1)-fonksiyon dengeidir

Us :
X)y) = [x) lyDF(x))

1—(f()0) f(o() 0 0
- 0 -flo) O 0
%) — [x) = fo 1 g )1—f(0) f(1]
U, o o f{1 1-f[1]
ly) —_— ly©f(x))
Deutsch algoritmasinin kuantum devresi Ur kapisinin matris gosterimi

U: kapisi
Eger |x) (x € {0, 1}) kontrol kubiti ve |-)=(|0)-|1))/v2 hedef kubiti olarak alinirsa, devrenin girdisi
|W)=|x)®|-) olur. Daha sonra |W)’'ye U: kapisi uygulanirsa, devrenin giktisi

Uf |W1)=UF [(|x0)-|x1))/V2]=[|x,f(x))-|x,1-f(x))]/V2 olur
f(x)'nin degeri ya 0 ya da 1 olabilir. )
f(x)=0 icin U [W1)=[|x,f(x))-|x,1-f(x))]/V2=[|x,0)-|x,1)]/V2=]|x,-) OF |W1)=(-1)™|x -} (9)
f(x)=1 icin U |\I11)=[IX,f(x))—|x,1—f(x))]/\/2=[|x,1)—|X,O)]/\/2=—|x,—)n]> her iki durum icin ortak formdal

Deutsch algoritmasi icin kuantum devresi

Devredeki ilk iki Hadamard kapisi |+) ve |-) durumlari olusturmak icin ku
W) =|+ -)=(|0)+|1))/V2®]-)=(]0 -)+]|1 -))/V2

W,) durumu (9) denklemine gore

W,) =((-1) |0 -)+(-1)"™ |1 -))/V2 olur

W,) durumu, f(0)=f(1) icin

W,) =x((|0)+]1))®]-))/V2=%|+ -) olup fonksiyon sabit oldugu anlasilir.
W,) durumu, f(0)=f(1) icin

W,) ==x((]0)- [1))®]-))/V2==]- -) olup fonksiyon dengeli oldugu anlasilir. W.) Vo) |Ws)

Son olarak, devredeki ilk kubit Gzerine uygulanan son Hadamard kapisi, durumunu temel
durumlardan birine geri getirecektir;

f(0)=f(1) icin |W3) = H|W,)==%x|0 -) (14) f(0)=f(1) icin |Ws) = H|W,)==x|1 -) (15)

Her iki durum icin |Ws) = x=|f(0) @ f(1))® |—) (16) ifadesi yazilabilir.

Verson olarak, ilk kibite olcum yapildiginda, olcim sonucunda O degeri elde ediliyorsa fonksiyon
sabittir, aksi halde olculen deger 1 ise fonksiyon dengelidir.

Bu algoritmanin degeri fonksiyonu tek adimda iki farkli deger icin

0©0)=|0)  degerlendirmesi ve onu |Ws) = *|f(0) ® f(1))® |—) ifadesinin alti cizili kismindan

oe1)=p)  gorilebilir

anilir.

|1® 0)=[1)

|1®1)=|0)

~ 4001

2001

oA-

o ~

If(@) ® f(1)) tablosu
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ABSTRACT

Phenyl-C61-butyric acid methyl ester (PCBM) is a conventional electron transport layer (ETL) for p-i-n type inverted perovskite solar cells (PSCs) due to its low-temperature processability and high performance [1]. In this work
we investigated the effect of PCBM concentration as an ETL for the PSCs that were fabricated using a sol-gel method and had the following configuration: ITO/NiO,/CH;NH,Pbl,/PCBM/BCP/Ag. The fabricated solar cells were
then analyzed under a solar simulator, which simulated the illumination conditions of sunlight. Various photovoltaic parameters were calculated, including the open circuit voltage (Voc), fill factor (FF), short circuit current
density (Jsc), and power conversion efficiencies (PCE). These parameters provide insights into the performance of solar cells and their ability to convert light into electricity. Additionally, shunt and series resistances were
extracted. The shunt resistance refers to the presence of unintended low-resistance pathways in the solar cell, which can cause a reduction in its performance. Series resistance, on the other hand, refers to the total resistance
along the current path within the cell. By studying the impact of varying PCBM concentration in the CB solvent, we aimed to understand how this parameter affects the overall performance of the perovskite solar cells. Our
results can provide valuable insights for optimizing the design and fabrication of efficient inverted perovskite solar cells.

Effect of PCBM concentration on the performance of Perovskite Solar Cells

Solar Energy and Perovskite Solar Cell , T
* Device Fabrication

The ITO-coated glass substrates were 35
cleaned using an ultrasonic bath with _ N S N
acetone and isopropyl alcohol./,«"' = BCP o § "
i The hole transport layers (Nio;) were f_—=— ~ E g Bl —— ; .
w deposited using a sol-gel method [4]. ’;/’}c CHyNH,Pbl, R ° > = 3
The perovskite layers were fabricated NiOx g
. . . ITO
Halide perovskites are a family of materials usmlg an anl’ilbs;oll://le';t wlashmg rocl;te, X |
: : involving a : solution in Gamma-butyrolactone. Gl
that have shown potential for high performance and g 2 y - 7.0

Toluene was used as the anti-solvent, and the perovskite
layers were annealed at 100°C for 20 minutes.

PCBM precursors were prepared in chlorobenzene, with concentrations of 18, 20, and 22 mg. Both the PCBM electron
transport layer (ETL) and the BCP buffer layers were deposited using the sol-gel method. Finally, Ag metal contacts were
evaporated to complete the fabrication of the solar cells [4].

* Characterization and Photovoltaic Parameters
Photovoltaic parameters were analyzed by studying the current-voltage (J-V) curves under 1 sun AM 1.5G conditions.

low production costs in solar cells.

In 2012, researchers first discovered how to make

a stable, thin-film perovskite solar cell with light
photon-to-electron conversion efficiencies over 10%,
using lead halide perovskites as the light-absorbing layer.
Since then, the sunlight-to-electrical-power conversion
efficiency of perovskite solar cells has skyrocketed,

Figure 5. Device scheme and energy level alignment [4]

with the laboratory record standing at 26.0 %. Figure 1. Photograph of a PSC under sunlight | | Both reverse and forward scans of the champion cells out of a total of 18 devices were given in Figure 6.
. . o 9 ¥ (A% - ;.»,.,f-. ™ 49 K : —:-c- zuv;‘ o™ b d : -:-w.nu:: g™
Perovskite crystal structure and properties o T — — | g < e :

direct bandgap N (@ @ 2 \
strong absorption (8 w N ] P \\ ] 4 ‘
long carrier life time Figure 2. Perovskite crystal structure of the form ABX; [2] Y i ! i i "\ 1 v ; : : \
Iong diffusion Iength A = An organic or inorganic cation: MAI, FAl, Cs*, Rb* 04 ¥ ) 4 04 s . 12 00 03 2 0 08 : .
small exciton B.E B = A big inorganic cation: Pb?*, Sn?*,Ge?*... Voitage (V) Veotage (V)

X= A slightly smaller halogen anion: I, Ct, Br Figure 6. llluminated J-V curves of the PSCs with different PCBM ETLs.

To determine the shunt and series resistances, linear fits were applied to extract the slopes from the J-V curves. The
Device structure and working principle results of these analyses, along with the extracted resistances, were presented in an inset in the figure and whole

* The basic structure of a perovskite solar cell parameters were presented in Table 1.

Consists of an electron transporting layer,

Conventional (n-l-p) Inverted (p-i-n)

Table 1. Photovoltaic parameters of the champion cells

a hole transporting layer, and metal contacts. PCBM in CB Voc Jse FF PCE Roikia it
* Perovskite solar cells are classified as regular & [Forward (Reverse)*] (mV) (mAcm?) (%) (%) (Qem?)*  (kQem?)*
«n-i-p» and inverted «p-i-n» structures, g 18 mg/ml 1048 (1025) 22.33 (22.15) 55.88 (56.39)  13.08 (12.80) 128 2.23
depending on which transport material on the - 20 mg/mi 1037 (1000) 19.99 (19.60) 56.91(57.97)  11.80(11.36) 129 2.18
exterior portion of the perovskite encounters Transparent Conducting Oxide Trarsparent Conducting Oxde
_ , 22 mg/ml 1037 (1025) 17.68 (17.83) 59.71 (65.80) 10.95 (12.03) 120 9.52
light rays first.
. . Mmpocous ° °
* Inthe n-i-p structure of perovskite solar cells  Results and Discussion
the electron ETL is deposited first, whereas Vote Transport Layer Box chart graphs show the results obtained from analyzing 18 PSCs, Figure 7. The champion cells, which displayed the
the HTL is deposited first in p-i-n structures. ST highest performance and consistency, were identified among the tested samples.
% y ...o.:_ o: ..o:o. ...:' . o:.o. - .o.:_ LAY - % :. }_ Mesoporous
FF = m;’l’ X]mpp ___—» Opencircuit voltage “Fadon Viarsport Lige i _ ) ) ' ' 24 ' ' ' ' s hysteresis effect in the PSCs starts to
oc X Lse===" Short circuit t densit ! ] ] . . .
o Ceul cHrTemt EEmety AP LA e | . . u increase with the concentration of
PCE(%) = (ﬂ ) x 100 = (FF XVOCX]SC) x 100 Figure 3. Classification of Perovskite Solar Cells [2] i ' “'_ 1 “ AZZ' o *e PCBM
- - T 1020 ) T"“} ' g’zo- o8\ T <+ increasing the concentration of PCBM
« .. . . g % B | r/ ] & % il resulted in slight decreases in the V
> ; A = R A OC
[ 1000 4 "ee “aass - -53 84 o | —d® @ |
Optimizing Perovskite Solar Cells: Electron Transport Materials . ‘ 1 114 Ok by values and decreased J.. values
980 1 k¢ | A - - oL *»* highest PCBM concentration resulted in
E(eV) .
v i, Electron transport layers (ETLs) play a fundamental 560 ' ' _ o ' ' ' the best R, and the FF that improved
a0 role in perovskite solar cells. Delivering high shunt = ! = - = = charge transport and reduced losses
v e 0 45 0! osIbG; resistances (R.,,) and lower recombination currents Y R S 144 RN T A within the cell
iy | FRO A | (I,¢) is key to obtain high efficiency. it must have an _ . | ** the box charts suggest that the PCBM
ITO Off 65 > o" E : | - .
= energy level that is compatible with that of the | | concentration of 20 mg may be the
O . . . . . r o = \ 124 ; T *)\ . . .
perovskite material to help promote injection of the 604 | VR i A\ o\ 1 2 ; [ 5 Lo\ best option with narrower Gaussian
- photo-generated electrons and reduce energy losses, & "%\ Sy o/ | 8 ' ) F ) | curves indicating higher reproducibility
and it must possess innately high electron mobility to = A 10 % BV and consistency
Figure 4. Electron transport layers for PSCs [3] enable fast electron transport. i | ] ‘ | . [ ' ‘ J
Phenyl-Co1-butyric acid methyl ester (PCEM) : | Ongoing experiments are being
enyl-C61-butyric acid methyl ester 45 = i i 8 .
PCBM Electron Transport Layers o 2 % e A 7 conducted to evaluate the lifetime and
o , <‘“\/ ----- 7\ PCBM in CB (mg/mi) PCBM in CB (mgimi) stability of PSCs, as this is a significant
Itis widely ObserV_Ed that the involvement of - ’>\§ Figure 7. Box chart graphs over 18 PSCs with different PCBM ETLs. challenge in the field.
phenyl-C61-butyric acid methyl ester (PCBM) molecules, //R\\
either by mixing within the bulk or inserting a single \J/j/
layer into devices. . I REFERENCES
: : . del
PCBM has high electrical conductivity and has been the v ﬁ?goh eﬁeiitr;?]natf;?:;s(fréobi”ty [1] Tsai, Chih-Hung, Chia-Ming Lin, and Cheng-Hao Kuei. "Investigation of the effects of various organic solvents on the PCBM
most commonly used PSC ETL material of the fullerene v smoothing perovskite surface electron transport layer of perovskite solar cells." Coatings 10.3 (2020): 237.
derivatives. It has been tested using different fullerene v passivating surface traps [2] ossila.com/pages/perovskites-and-perovskite-solar-cells-an-introduction
v solution processability . . . " . .. .
derivatives as electron transport materials in inverted v 1o annealing process [3] Kim, Taewan, Jongchul Lim, and Seulki Song. "Recent progress and challenges of electron transport layers in organic—inorganic

IS——— perovskite solar cells." Energies 13.21 (2020): 5572.

terfacial recombination [4] Choi, Fatma Pinar Gokdemir, Hamed Moeini Alishah, and Serap Gunes. "Cerium and zinc co-doped nickel oxide hole transport
current leakage layers for gamma-butyrolactone based ambient air fabrication of CH3NH3PbI3 perovskite solar cells." Applied Surface Science 563
diffusing of I from perovskite (2021): 150249.

planar perovskite solar cells (PSCs). The results indicated
that devices prepared with PC61BM outperformed
those using other electron transport materials.

ocooU




Ylu

FEN EDEBIYAT
FAKULTESI

FiZIK BOLUMU
METAMALZEME

Ogrenci Adi SOYADI: Semanur BASTURK Ogrenci no:19022003

Danisman: Dog¢. Dr. Cenk DENKTAS

OZET

Metamalzemeler veya metamalzemeler, dogal malzemelerde bulunmayan ozelliklere sahip olacak sekilde tasarlanmis insan yapimi malzemelerdir. Metamalzemeler, dogada kendiliginden
bulunmayan ustiin 6zelliklere sahiptir. Clinkii dogada asina oldugumuz malzemelerin aksine metamalzemeler ¢ok farkli optik ozelliklere sahiptir

GiRiS

Metamateryal veya metamalzeme, dogadaki malzemelerde bulunmayan 6zelliklere sahip olacak sekilde
tasarlanan yapay malzemelerdir. Metamateryaller genellikle plastik, metal gibi dogal malzemelerden
olusturulan mikroskobik boyutlardaki yapilarin tekrarlanan kaliplar olarak birlestirilmesi ile elde edilir.
Metamateryaller bu 6zellikleri, titizce tasarlanan bu yapilar sayesinde kazanir. Geometrisi, blyikligi ve
diizeni, 151k ve sesle dogada goriilmeyen bir sekilde etkilesebilir. [1]

Metamalzemeler laboratuvar ortaminda hassas mikro boyuttaki ¢alismalar sonucunda elde edilmektedir.
Hatta ilk basta metamalzemlerin iiretilebilmesi birgok kisiye gore olanaksiz kabul edilmekteydi. Ciinkii
dogada alisilagelen malzemlerin aksine metamalzemler c¢ok farkli optik oOzelliklere sahiptir.
Metamalzemler, bir maddenin icerisine o maddeye yonelen elektromanyetik dalgalarin ¢ok farkl sekillerde
biikiilmesini saglayan ¢ok minik implantlar yerlestirilerek elde edilmektedir. Bir cismin goriiniir olmasini
saglayan da elektromanyetik dalgalarda meydana gelen bozulmalardir. Yani mikrodalgalarin yonii
degistirilebildiginde gercekten de bir maddeyi goriinmez kilmak miimkiin hale gelir.

gelen 15in yarsyyan 1Sin
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2000’11 yillarin basinda metamzelmeler tizerinde o A

yapilan arastirmalar ve ¢alismalar ; i, < 0 (MM) / \
yogunlasmistir. 2006 yilinda ise Duke 5 ' f."’ ,.\\
Universitesi ~ve  Imperial  College’daki sl anlan1gm, MM ¢ fonlan rsm, GM
aragtirmacilar tarafindan mikrodalga 1gguma (metamalzoma)  (geleneksel malzeme)
maruz kalan malzemeleri goriinmez hale 0D ks Cp CAroncad Casao| 11301 1 pret wa

getirmek i¢in metamalzemeler kullanildi. Bu Gorsel-1 (bilsenbesergil.blogspot.com’dan
sayede  metamalzemeler 1ile  goOrlinmezlik alinmistir [2] )

arasindaki iligki de saglamlasmis oldu.
Isigin farkli ortamlardan gegerken kirilma gibi bir 6zelligi bulunmaktadir. Kirilma indisi ortamlara gore

degisiklik gostermektedir. Ornegin vakumda n olarak gosterilen kirilma indisi 1.00 iken hava icin 1.000293
‘dir. Ve cam 1¢in ise 1.52 degerini almaktadir. (n) sabit bir say1 olarak kabul edilmektedir ve
yogulukla iligkilidir.

Bir cismin goriinmezligini saglamak i¢in de malzemenin negatif kirilma indisine sahip olmasi gerekir. Bu
durum ilk kez 1967 yilinda Victor Veselego tarafindan ele alinmistir ve metamalzemelerin bu tarz
ozelliklere sahip olabilecegi soylenmistir. Metamalzemler laboratuvar ortaminda tiretilmeye baslandiktan bu
yana basin ve halk tarafindan ilgi odagi haline gelmistir.

Elbette metamalzemler alaninda ¢ok timit verici ¢alismalar yapilmaktadir. Fakat bunlar heniiz mikrodalga
151k altinda yapilan ¢alismalardir. Goriilebilir 151k 1¢inde uyarlanmasi i¢in zaman gerekmektedir.

METAMALZEMELERIN BAZI KULLANIM ALANLARI
GORUNMEZLIK VE FOTOLITOGRAFI

Gortilebilir 151k altinda metamalzemeler liretmek icin sifirdan baslamak yerine bazi halihazirda bulunan
teknolojilerin kullanilmasi onerilmektedir. Bunlardan bir1 “ ” yontemidir. Bu yontemi kullanarak
gorilebilir 151k altinda ¢alisan i1lk metamalzemeyi liretme ¢abasi basarili oldu. Almanya ile ABD ‘li bilim
insanlarinin ¢calismalar1 sonucunda 2007 yilinda kirmizi 1sikta ¢alisan bir metamalzeme tiretildi.

Bilim insanlar1 cam bir plaka alip daha sonra iizerine giimiis tabakasi, magnazyum floriir ardindan tekrar
giimiis kaplama yaptilar. 100 nm kalinliginda bir sandvi¢ yapis1 elde ettiler. Sonra ise oyma teknikleri
kullanarak bir balik 1zgara yapisi elde ettiler. Bu delikler kirmizi 15181n dalga boyundan daha da kiigiik
yapidaydi. Daha sonra bilim insanlar1 olusturduklari bu yapidan bir kirmizi 151k demeti gegirerek incelediler
ve yapilan 6l¢tim sonucunda indisin -0.6 oldugunu gordiiler.

Bu teknolojinin ileride ¢ok gelismis(isigin bir dalga boyundan daha kiiciik ayrintilar1 yakalayan) bir diiz
mercegin icat edilmesinde de kullanilabilecegi bilim insanlari tarafindan ongoriilmektedir. Bu yeni siiper
mercek ile X-1s1m1 kullanmadan detayli DNA fotograflar1 ¢ekmek bile miimkiin olacaktir.

Gortiniir 1s1kta yapilan calismalar olumlu sonuc¢lanmistir fakat sadece kirmizi 1sik ile smirhidir. Bilim
insanlar1 artik kirmizi 15181 bir nesnenin etrafinda tamamen dondiirerek goriinmez kilmay1 hedeflemektedir.
Ayrica ileride bu teknolojnin fotonik kristaller teknolojisinde de kullanilmasi diistiniilmektedir. Fotonik
kristaller 15181 kullanir ve elektronik ksittallere kiyasla 1s1 kaybinin daha az olmas1 yoniinden avantajlhidr.

NANOTEKNOLOJI VE GORUNMEZLIK

Tim c¢alismalar atomun yapist ile yakindan ilgilidir. Yani atomun hareketlerini diizenlemek ogrenildigi
takdirde pek ¢ok sey miimkiindiir. Ornek olarak Cornell Universitesi’nden bir grup fizik¢i diinyanin en
kiiciik gitarini iiretmislerdir. Bu gitar bilinen gitarlar ile tamamen aym 6zelliklere sahiptir fakat sadece 10

AKUSTIK METAMALZEMELER

"Metamalzemeler" terimi genellikle yapay alt
dalga boyu yapilarinin rastgele veya periyodik
diizenlemelerinden olusan yapay kompozit
malzemeleri tanimlamak i¢in kullanilir. 1992 gibi
erken bir tarihte, fononik kristaller {iizerine
yapilan c¢alismalar, yapay mikro yapilarin
tasariminin, elastik kompozit ortamlarda elastik
dalgalarin  yayilmasini  diizenleyebilecegini
gostermistir.

Gorsel-3 (malevus.com’dan alinmustir [5])

Deneylerde negatif esdeger gecirgenlikler ve gecirgenlikler: kullanan ve alanla ilgili teorik anlayisa katkida
bulunan ilk metamalzemelerin gerceklestirilmesinde, elektromanyetik alanlar ana rolii oynamistir. Fononik
kristaller ve elektromanyetik metamalzemeler iizerine yapilan arastirmalara paralel olarak, akustik
metamalzemelerin hem ortaya ¢ikisini hem de hizli gelisimini destekleyen mekanik, 1s1 transferi ve optik i¢in
benzer kavramlar kullanilmistir. 2000 yilinda, bilim insanlar1 yerel bir rezonans birimi elde etmek amaciyla
yuksek yogunluklu bir cekirdegi kaplamak i¢in kaucuk bir malzeme kullandi. Bu grup ayrica, akustik
metamalzemeleri incelemek i¢in yeni kapilar acan yerel rezonans fononik kristal i¢in bir teor1 gelistirdi. Daha
sonrasinda ise bir fononik kristalin yerel rezonansi i¢in etkili kiitle yogunlugunun, yerel rezonans frekansinin
yakininda negatif olabilecegi bulundu.

2004 yilinda, suya gomiilmiis yumusak silikon-kauguk sagicilardan olusan kati-sivi periyodik bir kompozit
yap1 sunuldu. Bu yapimin belirli bir frekans araliginda negatif esdeger elastik modiile ve negatif esdeger kiitle
yogunluguna sahip oldugu bulundu. Elektromanyetik metamalzemelerden esinlenilerek, akustik metamalzeme
kavrami tanitildi. Ornek olarak, 2006 yilinda Helmholtz rezonatorleri periyodik olarak diizenlenmis ve
rezonans frekans bandinda negatif bir esdeger elastik modiiliin oldugu deneysel olarak gosterilmistir. Daha
sonra, geleneksel fononik kristal teorisini kullanarak, birka¢c arastirma grubu, negatif esdeger Kkiitle
yogunluguna ve kiitle modiiliine sahip genis bir akustik metamalzeme araligi kesfetmistir .

2018'de, yerel rezonansa dayali bir metamalzeme sandvi¢ paneli sunuldu, sandvi¢ panellerin ses yalitimini
onemli ol¢liide gelistirdi. 2019'da Mehaney ve ark. iki kauguk katman arasina sikistirilmis bir 1D gozenekli
silikon-karbiir fononik-kristal tasarladi. Bu yapi, diisiik frekansli bir fonon bant araligi sorununu ¢ozdii. Bu
calismalar, negatif esdeger parametreleri elde etmek i¢in bir boru veya bosluk kullanda.

Fakat bu yapilar sert olma egiliminde oldugu icin sekilleri
kolayca  degistirilemez.  Akustik rezonans  yapilari
kullanilarak akustik metamalzemeler, negatif etkili dinamik
kiitle yogunlugu, negatif elastik modiilii ve sifir kirilma
indeksi gibi geleneksel malzemelerin sahip olamadigi
akustik ozellikler gelistirebilir. Bu, ses dalgalarini kontrol
etmek 1¢in yeni arastirma yonleri saglar. [6]

Gorsel-4 (Advance Materials
Technologies Volume 7'den alinmistir. [7] )

SONUC

Son yillarda, siradan malzemelerden elde edilemeyen emsalsiz Ozellikleri nedeniyle hizla biiyiiyen
metamalzeme alanina 1lgi artmaktadir. Dogada kendiliginden bulunamamasi , bilinen malzemelerden ¢ok daha
farkl1 6zelliklere sahip olmasi metamalzemelere karsi olan ilgiy1 arttirmastir. Cesitli sensorlerde, goriintiileme
teknolojilerinde ve daha bir¢ok alanda kullanilabilmesi bilimsel ve teknolojik olarak ¢ok onemli bir konu
oldugunun gostergesidir.

mikron boyutundadir. Telleri vardir ve iistelik ¢alinabilir. Fakat anlamli veya bizim duyabilecegimiz aralikta
ses elde etmek simdilik miimkiin degildir.

Ulkemizde de bu alanda Bilkent Universitesi NANOTAM tarafindan
calismalar yiiriitiilmiistiir. Prof. Dr. Ekmel Ozbay ile doktora égrencisi
Atilla Ozgiir Cakmak, cisimlerin belirli frekanslarda goriinmez
olmasini saglayan nanoteknoloji tabanh bir malzeme gelistirmislerdir.
Bu sayede cep telefonu sinyallerinin rotalar1 yonlendirilebilecegini ve
kalp pili kullananlarin giivenli bir sekilde MRI c¢ektirebilecegini
belirtmistir. [3]

Gorsel-2 (wikipedia.org'dan
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SODYUM METASILIKAT TABANLI NANO BIZMUT TUNGSTAT KATKILI RADYASYON ZIRHLAYICI KOMPOZITLERIN URETIMI
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OZET

Radyasyonun zararlarini azaltmak icin en 6nemli yontemlerden biri zirhlamadir. Radyasyondan korunma, canli organizmalar ile radyasyon kaynagi arasina “koruyucu malzeme” yerlestirilmesi ile gerceklestirilir. Bu baglamda bu
¢alismasinin amaci Sodyum Metasilikat (Na,SiO;) malzemesi igine yuksek atom numaralari ve radyasyon zirhlama kabiliyetleri sebebiyle sentezlenen nano partikiil malzeme Bizmut Tungstat (Bi,WO¢ )farkli oranlarda katkilanarak
kompozit olusturulmasi ve elde edilen kompozit malzemenin gama spektroskopisi yontemi ile Nal(Tl) dedektori kullanilarak alinan 6lciim sonucglarindan tim numunelerin lineer azaltma katsayilari deneysel olarak belirlemek bu
parametreye bagli olarak kutle azaltma katsayilarini ve HVL gibi zirhlama parametreleri hesaplanmalarina gore radyasyon gecirgenliginin olctlmesidir.

GiRIS

Genel olarak, X-isinlari ve gama-isinlari gibi iyonlastirici radyasyon, niikleer tesislerde ve tipta teshis ve tedavi amach kullaniimaktadir. iyonlastirici radyasyonun insan saghgi Gizerindeki zararl etkileri maruz kalma siiresine, maruz
kalma miktarina ve kisinin radyasyon kaynagina ne kadar yakin olduguna baglh olarak degismektedir. Ote yandan, iyonlastirici radyasyona karsi en etkili koruma zirhlamadir. Kursun, yiiksek kitle yogunlugu ve yiiksek K sogurma kenar
enerjisi nedeniyle uzun suredir etkili bir radyasyon kalkani malzemesi olarak kullanilmaktadir. Ancak hayatimizda maruz kaldigimiz radyasyon miktari her gecen gin arttikca kursun kullaniminin dezavantajlari da artik goz ardi
edilemeyecek boyuta ulasmistir. Bu acidan bakildiginda hafif, toksik olmayan, kursunsuz, iyi radyasyon koruma 6zelliklerine sahip yeni nesil malzeme arayislari hizla devam etmektedir. Bu kapsamda bu bitirme calismasinda kursuna
alternatif, tibbi uygulamalara yon verecek yeni bir malzemeye odaklanarak hidrotermal metodla sentezlenen nano partikillu katki malzemesi Bizmut Tungstat (Bi,WO,) kullanilmistir.

Kompozitlerin ana bileseni olarak dusiik maliyetli, toksik olmayan ve kokusuz bir malzeme olan Na,SiO; (sodyum metasilikat veya kisaca SMS) secilmistir. Nano 6lgekli Bi,WO, partikilleri, SMS bazli kompozitlerde kitlece farkl
oranlarda takviye edici bilesenler olarak kullaniimistir. Saf sodyum metasilikat ve SMS/Bi2WO6 nano kompozitleri 81 kev, 356 keV, 662 keV,1173 keV,1332 keV radyasyon enerjilerinde zirhlama 6zellikleri 6lclilmustiir. Bu kapsamda,
SMS/Bi2WO06 nanokompozitlerinin radyasyondan korunma ézellikleri hem deneysel hem de teorik olarak belirlenmistir. llgili numunelerin radyasyon zirhlama performanslarri yani nano yapili kompozitler icin deneysel sonuclar

WinXCom programi ile olcllen teorik hesaplarlarla karsilastirilarak detayl bir analiz yapilmistir.

DENEYSEL

Kompozitlerin Hazirlanisi

Ik olarak matris malzeme Sodyum Metasilikat (Na,SIO,) agat havanda 6giitiilerek tamamen ince toz haline
getirilmistir. Katki malzemesi Bizmut Tungstat (Bi,WO,) matris malzemeye %5, %10 ve %20 oranlarinda
eklenerek homojen hale gelene kadar tekrar 6glitiilmus, toz haline getirilmistir. Kompozitler 6lgiim icin
gerekli sekli vermek adina soguk press makinesinde pelet haline getirilmistir. Sonu¢ olarak saf ve
%5,%10,%20 katkili 4 adet disk 6lctim icin hazirlanmistir. Uretilen kompozitlerin kiitle yogunluklari, matris
malzeme sodyum metasilikat suda ¢ozunebilecegi goz onltine alinarak, Arsimet prensibine gore daldirma
sivisi etanol kullanilarak deneysel olarak belirlenmistir.
Saf ve SMS/BiWO6 katkili numuneler

) © o o

%20

Radyasyon Zirhlama Ol¢limii

Deneysel olarak gerceklestirilen radyasyon zirhlama 6lgtimlerinde gama spektroskopisi kullaniimistir. Gama
spektroskopisi genellikle bir malzemenin radyoaktivitesini ve radyoizotoplarin yogunlugunu tayin etmede
kullanilan bir yontemdir. Spektroskopi sistemi bir dedektor, buna bagl elektronik sistemler (fotogogaltici
tlp, yukselticiler analog-digital sinyal donlsturiici ve cok kanalli analizor gibi) ve yazilimin kurulu oldugu
bir bilgisayardan olusur. Bu spektroskopinin temel hedefi, detektérden gelen sinyallerin islenmesiyle
olusan ve enerji sogurulmasina karsilik gelen sinyaller icin spektrumdaki zirvelerin analizinin yapilmasidir.
Uretilen kompozitlerin disik, orta ve vyiksek enerjili gama isinlarini zirhlama kabiliyetlerinin
belirlenebilmesi icin Baryum-133 (Ba-133), Sezyum-137 (Cs-137) ve Kobalt-60 (Co-60) olmak Uzere (g
noktasal radyoaktif kaynak tercih edilmistir. Kullanilan deney dizeneginin sematik gosterimi ise Sekil 1’de
verilmistir,
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Sekil 1 Zirhlama 6lgclim geometrisinin sematik gosterimi

Deneysel 6lciimler her numune icin 6lcim hata degerini azaltmak icin Uc¢ kez tekrar edilmis ve her 6lcim
1200 saniye surmustur. Ayrica, orneklerin hazirlanis kisminda da belirtildigi gibi, iki farkh kalinliktaki ayni
takviye parcacigina ve ayni agirlik yizdesine sahip ornekler icin 6lcimler tekrar edilmistir. Bu noktadan
ortalama alinarak, lineer azaltma katsayisi hesabi yapilmistir. Olciime baslamadan 6nce ortamda radyoaktif
kaynak deney sisteminden uzaklastirilmis ve ortamin kendi bos sayimi alinmistir. Bu degerler background
(art ortam) sayimi olarak kayit edilmis; ardindan dedekt6r ve radyasyon kaynagi arasinda hicbir radyasyon
perdeleyici malzeme yokken 6lctiimler alinarak, her bir radyoaktif kaynaktan yayinlanan gama isinlarinin
siddeti olan 10 degerleri belirlenmistir. Ardindan sentezlenen saf Sodyum Metasilikat ve Sodyum
Metasilikat temelli kompozitler Sekilde gosterildigi gibi kaynak ile dedektor arasina yerlestirilerek sayimlar
alinmistir. Tum olcum islemleri yapildiktan sonra baslangictaki background sayiminin tim sayimlar
uzerindeki diizeltmeleri yapiimistir.

Sonuclar

Radyasyon zirhlamasi icin kullanilacak malzemeler homojen yogunluga ve icerige sahip olmalidir. Bunun yaninda
radyasyon zirhlayici malzemelerin radyasyon dozunu givenli bir seviyeye dusirmek icin yeterli bir kalinlikta Gretilmesi
gerekmektedir. Bir malzemenin radyasyon zirhlama kabiliyetini belirlemek ve bilinen baska malzemelerle
kiyaslayabilmek icin; lineer azaltma katsayisi, kiitle azaltma katsayisi, ortalama serbest yol, yari deger kalinhgi (HVL)
bilinmesi gerekir.

Kitle azaltma katsayisi, bir zirh malzemesinin monoenerjik bir fotonla birim hacim basina toplam etkilesim olasiligini
temsil etmektedir. Lineer azaltma katsayisinin malzemenin yogunluguna orani kitle azaltma katsayisini vermektedir
ve bu katsayinin birimi cm2 /g’dir. u/ p formili ile hesaplanir .

Madde ortaminda etkilesen tek enerjili radyasyonun malzemeye girmeden dnce sahip oldugu baslangic siddetini (10)
yariya disirmek (1= 10/2) icin gerekli malzeme kalinhgina yari deger kalinhgi (HVL) denir. HVL, bir malzemeye gelen
fotonlarin siddetinin yarisina dustigi kalinligi tarif etmesi nedeniyle, bir malzemenin radyasyon zirhlama performansi
degerlendirilirken kullanilan 6nemli bir parametredir. Herhangi bir zirhlayicinin tek enerijili radyasyon demeti igin yari-
deger kalinligi: HVL =In2/ u formulu ile hesaplanur.

Buna gore hesaplamalar Tablo 1 ve Tablo 2’de sirasiyla kiutle azaltma katsayisi ve HVL degerleri deneysel ve teorik

olarak gosterilmektedir.

( Saf, %5,%10,%20 numunelerinin yogunluklari sirasiyla 2.5903 , 2.6417, 2.7604, 2.8790 g/cm?3 olarak dlciImustir.)
Tablo 1. Numunelerin kitle azaltma katsayilari

81 keV 356 keV 662 keV 1173 keV 1332 keV
SAF 0,1775 00,0949 0,0730 0,0564 00,0534
%S BWO 0,3428 0,0997 0,0766 00,0572 0,0533
Deneysel u/p
2610 BWO 00,4962 00,1135 00,0786 00,0582 00,0538
%20 BWO 0,8080 00,1222 00,0791 0,0582 0,05449
SAF 00,1830 00,0989 0,0760 00,0579 0,0543
. %S BWO 00,3480 00,1070 00,0774 00,0581 0,054949
Teorik wW/p
210 BWO 00,5130 00,1140 00,0788 0,0583 0,054949
2620 BWO 0,8430 00,1300 00,0816 0,0586 0,0546
Tablo 2. Numunelerin yari deger kalinligi HVL degerleri
81 keV 356 keV 662keV 1173 keV 1332 keV
SAF 1,5075 2,8188 3,6669 4,7472 5,0103
%5 BWO 0,7654 2,6316 3,4249 4,5863 49218
Deneysel HVL{(cm)
%10 BWO 0,5060 2,2119 3,1959 4,3174 4,6658
%20 BWO 0,2980 1,9697 3,0432 4,1380 4,4266
SAF 1,4623 2,7065 3,522 4,626 4,9299
: %5 BWO 0,7539 2,4527 3,3911 4,5185 4,8235
Teorik HVL (cm)
%10 BWO 0,4895 2,203 3,1868 4,3079 4,6179
%20 BWO 0,2856 1,8523 2,9508 4,1087 44121

Bu calismada, tanisal goriintilemede kullanilan iyonize radyasyona karsi hafif, dusik maliyetli, kolay hazirlanabilen ve
toksik olmayan radyasyon kalkani malzemeleri Gretmek icin yeni SMS/Bi2WO06 nano yapili kompozitler hazirlanmistir.
Bu amacla, kompozitlerin 81 keV ile 1332 keV arasinda degisen enerjilere sahip fotonlara karsi radyasyondan korunma
yetenekleri deneysel ve teorik olarak belirlenmistir. Deneyler bir Nal(Tl) dedektord ile yapilmistir.
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ABSTRACT

Electrochromic devices have gained noteworthy attention in recent years due to their potential applications in smart windows, displays, and other optoelectronic devices [1]. These devices utilize materials such as PEDOT:PSS
and employ electrochemical processes to control their optical properties. The development of efficient and durable electrochromic materials and device architectures has become a focal point in research, aiming to improve
response times, charge capacity, ion diffusion thus coloration efficiency, and overall device performance. With further advancements in the field, electrochromic devices hold great promise for creating energy-efficient smart
windows and next-generation optoelectronic technologies. In this study, we studied the electrochemical properties of the sol-gel PEDOT:PSS layers on ITO glass substrates with a modification using copper acetate monohydrate
salt to enhance conductivity. Cyclic voltammetry and chronoamperometry measurements were conducted using a three-electrode cell to determine the charge capacities and lithium diffusion coefficients.

INTRODUCTION /g

* Absorption
* Reflection
* Scattering

 Refraction

e Electrochromism Fundamentals

Electrochromism is the phenomenon of a material changing color when an electric field is applied
to it due to the redox reactions. Electrochromic materials perform electrochemical reactions in
response to the applied electric current. As a result of these reactions, the color & tone of the
material changes. These materials have a wide range of applications from electronic devices to

energy efficient smart glasses.

* Electrochromic Device Structures and Operation

A simple electrochromic device
consist of five layers placed

& &
between two substrates and R &8 e
assembled using the sandwich & ,f,“{& =
configuration method. These two ﬂ'—:,- /

substrates can be glass or
polyester. The other layers are
transparent conductive layer, ion
storage layer, ion-conducting
layer (electrolyte), electrochromic

layer and transparent conductive + -
layer, respectively Figure 1. Scheme of an electrochromic device [2]
) :

+H+S A+ [P

F 11’-‘“"“’"09“(‘1%‘

* Types of Electrochromic Materials PP ol v g
o . . . ,I e .‘ \\

Orgamc.electrochromlc.materla.ls < k[ - — \~
 Inorganic electrochromic materials T [ : p— 1

Y | p— ,_‘;:.__:'5;(" !
. . . jA /‘-—__\}/' 4 _— %

* Applications of Electrochromism " [, o i feime o
e Smart windows ' T tecnology Nl 5
e Information displays : / ol £

* Energy storage and conversion devices
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Figure 2. Applications of electrochromism [3]

Figure 3. Application of the electrochromic glasses [4]

* Challenges and Future Directions

* Eectrode degradation
* Electrolyte leakage
* Coloration efficiency loss

 Stability and durability of electrochromic devices

* Material selection
* Encapsulation
e Testing and standards

* Cost-effective and scalable fabrication methods
* Printing Techniques

* Solution Processing

* Flexible Substrates

* Material Optimization

Investigating the Electrochromic Behavior of PEDOT:PSS Films

 Fabrication of PEDOT:PSS Films

ITO-coated glass substrates were cleaned through ultrasonication

with acetone and isopropyl alcohol. The PEDOT: PSS Clevious, PH500
(poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate)) precursor
was filtered using a syringe with a PTFE 0.45 filter before spin coating it
onto ITO substrates at 2000 rpm for 50 s.

To investigate the impact of Cu-salt, we introduced copper acetate monohydrate
into the PEDOT:PSS solution at a concentration of 1 mM ..
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4. Structure of PEDOT:PSS [5]

Furthermore, we examined the effects of multiple layers by repeating the coating process three times. All samples were

annealed on a hot plate at 145°C for 20 minutes.

 Electrochemical Measurements for PEDOT:PSS Films

Three-electrode cell configuration employed with the working electrode (WE) consisted of the investigated film, the

counter electrode (CE) was a platinum wire, and the reference electrode (RE) was a silv

er wire. The electrolyte was a

solution of 0.1 M lithium perchlorate in acetonitrile. Figure 5 illustrates the cyclic voltammograms (CVs) of three

different PEDOT: PSS-based samples, where the scan rate dependency is depicted. The
capacities are calculated from the areas of the CVs’ for each sample are provided in Ta

inserted and extracted charge
ble 1. To calculate the lithium

diffusion coefficients from Randles-Sevcik Equation (below, for cathodic currents), we utilized Figure 6, which presents

the slopes proportional to the diffusion coefficients.

I, = (2.69 x 10°) n3/2 AD®?" Cp 0!/

D = Diffusion coefficient of lithium ions,
n = Number of electrons involved in the redox reaction,
A = Electrode area, v = Scan rate,

C = Concentration of the lithium salt in the electrolyte solution
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Figure 5. Cyclic voltammograms of PEDOT:PSS layers under various scan rates in 0.1 M LiClO,/ACN

045« PEDOTPSS
s s ) - s s @ PEDOT:PSS Cu*
Table 1. Inserted and extracted charge ratios and calculated Li diffusion coefficients < 030« PEDOTPSSIK _ <
L Y
i 2 = Y petia e
Sample Qi/Qe D (cm?/s) E 0/ - _—
PEDOT:PSS 1.02 1.64 10/ 5 .--"-'f ..... anodic peaks /
: » 0.00 ;
PEDOT:PSSCu* 0.96  1.84 107 -
PEDOT:PSS3x  0.85  0.93 107 i =i ¥ T
5 ~ :"‘\?.:__:-
) . © -0.30 4 ~
Chronoamperometry (CA) measurments done by applying a specific voltage ~
. . . . . . . -0.45 -
and maintaining it to observe the complete oxidation and/or reduction of the

samples. During the reduction process, all samples exhibited a similar dark blue
color, indicating their reduced state. Conversely, in their oxidized state,

all samples appeared completely transparent as in Figure 7, right side. scan rate
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Figure 6. Anodic and cathodic peak currents vs

to evaluate the diffusion coefficients

Results and Discussion

revealed that the current densities

rs, even when compared to

 The lithium diffusion coefficients clearly increased for Cu-
doped layers and this enhancement might be attributed to
the formation of a more porous structure. To further

atomic force microscopy

med for the reduced and
Interestingly, there was no

significant color variation observed among the different
samples. However, it was noted that the response times
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Figure 7. Chronoamperometric measurements with the
photographs of the colored/bleached PEDQOT:PSS single layers

> Future work will involve

the PEDOT:PSS layers.

conducting transmittance

measurements to gain insights into the coloring efficiencies of
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Girisimsel kardiyoloji, glinlimtizde h cerrahi midahale karari veril

OZET

tedavi amagli uzun sireli uygulamalara kadar, tip alaninda ciddi yere sahiptir. Teshis, tetkik ve tedavi alaninda bu kadar yer kaplayan Girigimsel Kardiyoloji, bu

uygulamalari yaparken X-iginlarini kullanmaktadir. Bu ¢alismada, perkiitan koroner girisim ve x-15in1 gortintiilenmesinde maruz kalinan radyasyon dozunun, ulusal ve uluslararasi azami maruz kalma sinirlarinin altinda olup olmadigi incelenecek ve bu

incelemeyi yapabilmek igin gereken temel bilgiler verilecektir

GiRIS
KARDIYOLOJi

Kalp ve tim diger kardiyovaskiiler sisteme ait bozukluklarla ugragan tibbin bir dalidir.

GiRIiSiIMSEL KARDIYOLOVJi

Kalp ve damar rahatsizliklarinin, kateter adi verilen kigik tiipler vasitasiyla damar igine yerlestirme ve damar iginde
ilerletme suretiyle tespiti ve lizumu halinde tedavisi ile ugragan uzmanlik dalidir

NEDEN GiRiSIMSEL KARDIYOLOJi KULLANILIYOR?

Kalp damar rahatsizliklarinin tam olarak tespiti ve olasi tedavi seklinin belirlenmesinde rol oynar. Buna gore tespit
edilen bir kalp damar rahatsiziginin medikal, girisimsel veya cerrahi kararinin belirlenmesinde yine girisimsel
kardiyoloji dali devreye girer. Tanida altin standarttir. Anjiyo yapilmadan cerrahi miidahale yapilamaz.

Segili olgularda endikasyon oldugu sirece kalp damar cerrahisine gerek duyulmadan tedavi imkani sunar.

RADYASYON DOZU BiRiMLERI
SOGURULAN DOZ (RAD) (RADIATION ABSORBED DOSE) e

Sogurulan doz, birim kiitle basina depolanan enerji miktari olarak tanimlanir. Sogurulan doz
icin geleneksel birim rad’dir (radiation absorbed dose) ve 1 g sogurucu ortamda, tipik olarak
dokuda 100 erg enerjinin sogurulmasina esittir. Radyasyon enerjisinin ortamda iyonizasyon

RADYASYON
nedeniyle enerji olarak depolandigi miktara sogrulan doz denir. ALANI
(1 rad = 100 erg/g, 1rad=0.01Gy=1cGy ve ya 1 Gy= 100 rad) [3] ——
RADYASYON DOZ ESDEGERI (ESDEGER DOZ) (REM) (ROENTGEN

EQUIVALENT MEN)

Doz egdegerinin tanimi radyasyonun insan Gzerindeki etkisini anlayabilmek igin ¢ok 6nemlidir, ¢linkii insanin farkl
radyasyon tiplerine maruz kalmasindan dolayi biriken enerji ayni olsa bile farkli radyasyonlar farkli miktarlarda biyolojik
hasar Uretir. Biyolojik etkiler yalnizca biriken toplam enerjiye degil, ayni zamanda maruz kalinan radyasyonun aldigi yol
boyunca sahip oldugu davranisa da baglidir. Radyasyonun lineer enerji transferi (LET) ile radyasyon hasari artar; bu
nedenle, ayni emilen doz igin, yiiksek LET'li radyasyondan (6rn. alfa pargaciklari, nétronlar, vb.) kaynaklanan biyolojik
hasar, diisik LET'li radyasyondan (beta pargaciklari, gama isinlari, x-isinlari, vb.) kaynaklanan hasardan daha fazladir .
Rem= Rad x Q(X-1511),

Doz esdegerinin Sl birimi: Sievert (Sv)'dir. [2]
ISINLAMA TERIMi(RADIATION EXPOSURE) (ROENTGEN R OR X)

Isinlama terimi, x-1sinlari veya gama isinlari havada etkilestiginde tretilen iyonlasma miktarini tarif etmek igin kullanilir.
Réntgen (R) radyasyon isinlama birimidir; sadece hava icin tanimlanir ve sadece yaklagik 3 MeV enerjiye kadar olan x-
isinlari ve gama isinlari igin gegerlidir. Isinlama oranlari genellikle “birim zaman basina réntgen” olarak ifade edilir,

1R, 1kg havada 2,58 x 10 (-4) C yiik ureten x radyasyonu veya gama radyasyonu miktaridir.

Rontgen, SI birim sistemine dahil degildir; maruziyet igin SI birimi, 1 kg havada 1 C coulomb vyiik tiretimi olarak
tanimlanan X birimidir, X = 1 C/kg (hava). X birimi, 1 kg havada 33,97 J birikimine karsilik gelir ve 3876 R'ye esittir. X
birimi ok buyiik bir birimdir ve sonug olarak, gogu maruz kalma 6lgtim, R'de yapilir ve raporlanir. [3]

RADYASYONDAN KORUNMA

Radyasyondan korunmanin amaci, radyasyonun potansiyel zararli etkilerine karsi
insanlarin korunmasidir. Uluslararasi Radyasyondan Korunma Komisyonu’nun (ICRP)
yayinladigi tavsiyelerle beraber diinya genelinde kabul géren radyasyondan
korunma sistemi t¢ temel Usttine kuruludur; [4]

UYGULAMALARIN GEREKGELENDIRILMESi

ilke olarak, gerekgelendirimedikge uygulamalara izin verilmemelidir. insanlarin isinlanmasina karar verecek kisiler,
uygulamanin gerekgelerini hazirlamak zorundadir. [4]

OPTiMIiZASYON

Biitun isinlamalar, gerekgelendirilmis uygulamalarda mimkiin olan en diisiik doz degerinde (ALARA- as low as
reasonably achievable) uygulanmasi gerekir ve optimizasyonun (ALARA’nin) amaci, isinlanmayi sifira indirmek degil
riskleri, bulundugu kosullarda kabul edilebilir seviyeye distirmektir. [4]

SINIRLAMA
Topluen iy edent wo rady asyon cahigandan kin uhisal ve uludaranas
clarak kabuld edien symlama swer defierberi gecimemelidin [4]
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X-ISINI iLE GORUNTULEME, FLOROSKOPi(ANJIYOGRAFi)
PRENSIP

Radyografik koroner gériintilemenin temel prensibi, x-isini tiipi tarafindan
uretilen radyasyonun viicuttan gegerken zayiflatiimasi ve goriintl yogunlastirict
veya diiz panel detektor tarafindan saptanmasidir. Koroner arterlere enjekte
edilen iyotlu kontrast madde, x-isinlarinin emilimini arttirir ve gevredeki kalp
dokulari ile keskin bir kontrast olusturur. Daha sonra x-1sini golgesi bir gériinti
yogunlastirici vasitasiyla floroskopik ekranlarda goriinir bir 1sik gériintiisiine
donustaralir.

FLOROSKOPI

Floroskopi, bir prosediriin(kateter kullanimi gibi) veya bir kontrast maddenin

("boya") viicuttan gegisinin gergek zamanl olarak gosteren strekli bir X-igin1 gériintiistidiir. Floroskopi, 6zellikle uzun bir
sure uygulanmasini gerektiren karmasik girisimsel prosedirler (vicut igine stent veya diger cihazlarin yerlestiriimesi gibi)
igin nispeten yiiksek radyasyon dozlariyla sonuglanabilir.

FLOROSKOPIDE X-ISINI URETiMi/X-ISINI TUPLERI

X-15in1 tip Bremmsstrahlung ve karakteristik x-isinlarini Gretmek igin gereken gevreyi olusturur. Tpin ana bilesenleri
katot, anot, rotor/stator, cam veya metal zarf, boru girisi, kablo soketleri ve boru muhafazasini igerir. X-igini jeneratérii
gereken giicti ve X-isini tlp voltajinin, tiip akiminin ve maruz kalma siresinin belirlenmesini saglar. X-isini voltaji
gorintilenecek bolgeye ve gorintiileme tipine gére degisiklik gosterir. Tum X-igini tiplerinin genel yapisi benzerdir.
Floroskopik x-1sini tiipleri radyografik tiiplerden daha yaygin kullaniimaktadir. Floroskopik tipler, radyografik tiiplere gore
daha yiksek 1s1 depolama kapasitesine ve daha hizli sogutma hizlarina sahiptir. Neden girisimsel kardiyolojide floroskopiyi
kullandigimiza bakacak olursak, en Gnemli sebebi floroskopi gergek zamanli gériintii verirken, florografi gorintiiyi aninda
degil bir zaman sonra verir ki bu da operatoriin herhangi bir yanlis hamlesinde hastanin acil kalp ameliyatina girmesine
sebebiyet verebilecegi igin gergek zamanl gériintileme sistemi girisimsel kardiyolojide ok 6nem arz etmektedir.
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KARDIYAK KATETERIZASYON

Kateter, girisimsel prosediirler igin 6zel sekillendirilmis kiigiik bir tiiptir. igne ve prosediire 6zel ekipmanlar kullanarak
kateter vasitasiyla, prosediire uygun diigsen viicudun ilgili bélimuinden(kol, boyun ve ya kasik gibi) dolasim sistemine giris
yapilr.

Kateter ile kalp damarlarina kontrast madde verilip tani konulmasi saglandigi gibi, balonlu kateter ile balon tedavisi,
balonlu stent tedavisi, ilagh stent tedavisi gibi tedavi amagl uygulamalar da yapilir.

HASTALIKLAR/TANI/TEDAVi

* Kapak Pataloji Aydinlatma: Kapak yetmezliklerinde(kagirma), - |
stenoz(daralma) I ﬂ

¢ Kapakta bozulma: Kapak degisimi ik

*  Pulmoner Arter Hipertansiyon(KTEPH)(Kronik tromboembolik !
pulmoner hipertansiyon, sol kalp hastaliklari...): Akcigere giden Tt

atardamarin basing artisi(hipertansiyon)

Koroner Arter Hastaliklari(Kalp atardamar hastaligi): (Aterosiklerotik kalp hastalig) Damarlar iginde kolesterol
olusumu(Aterosikleroz), genetik faktérler, seker, hipertansiyon gibi faktérler kalp atardamar hastaligina baglica zemin
hazirlayan faktérlerdir. Bu sebeplerle olugan plaklar kalp damarlarini daraltip akimi azaltir. Bunun sonucunda hastada,
kalp krizi(MI-myo-kardiyal-infarktis), kalp kasinda tam bogulma, elektrokardiyografide «gq» da belirginlesme/iskemi,
ST elevasyonu goriilebilir. (iskemi: Kasin tam élimiinden 6nceki bogulma baglamasi)

DOZ SINIRLAMALARI (AZAMi MUSAADE EDILEN DOZ DEGERLERi) VE
ARASTIRMAMIZDA BULDUGUMUZ DOZ DEGERLERI

BiRIM (mSv) VOCUT  (mSv) CILT DURUM o e
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(Basaksehir Cam ve Sakura Hastanesi’nde 01.01.2023 ila 01.02.2023 tarihleri arasinda yapilan TLD doz analizi)
*YKA:Yetiskin Kardiyoloji Anjiyo *SA:Sinirin Altinda [5]

SONUC

Girisimsel kardiyoloji, saglik galisanlarinin radyasyon kaynagina yakin ve radyasyona maruz kalma siirelerinin fazla olmasi
sebebiyle saglik ¢alisanlari igin ylksek risk tasir. Bu sebeple saglik ¢calisanlarinin maruz kaldigi doz degerlerinin ulusal ve
uluslararasi azami musaade edilen maruz kalma degerlerinin altinda olmasi gereklidir. Aragtirmamiz sonucunda,
ulastigimiz saglik galisanlarinin aylik TLD doz degerlerinin, ulusal ve uluslararasi azami miisaade edilen doz degerlerinin
altinda oldugu gorulmustir.
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OZET

Bu calismada Elektromanyetik Firlaticilarin ¢alisma prensibi, kullanim alanlari , firlatici yapimi 1¢in kullanilan malzemeler teknik detaylarla anlatilmasi
amaclanmastir.

Temeli Fizik biliminde Elektromanyetik Teoriye dayanir. Elektromanyetik Firlaticilarin
calisma prensibini bobinli bir firlaticiyla anlatmak istersek; degisen elektromanyetik
alanda merminin bu alandan etkilenerek hareket etmesini saglamaktir. Elektromanyetik
Firlatictda mermiyr harekete geciren gilic, manyetik alandir. Bu manyetik alanin
olusturulmasi i¢in bobine ve gilic kaynagina ihtiya¢ vardir. Akim, yiiklerin hareketi
sonucunda olusur. Bobinde manyetik alan ise «Icerisinden akim gegirilen telin etrafinda
manyetik alan olusur.» prensibine dayali olarak olusur. Bobine bagh gii¢ kaynag ile
bobinde akim olusturulur. Buna bagh olarak manyetik alan olusur. Bu manyetik alan da,

manyetik gecirgenligi yiksek olan mermiyi hizlandiracak ve boylece firlatma islemi . — . .
gerceklestirilecektir. Elektromanyetik Firlaticilarin rayli, bobinli, dogrusal hareketli ve Sekil 3: Elektromanyetik Silah Sistemi [4]

hibrit olmak tlizere ¢esitler: vardir.
AVANTAJ — DEZAVANTAJ:

Hizilandirma Tdpa

Mermi Elektromanyetik Firlaticilar, barutlu sistemlere gére olduk¢a avantajli konuma sahiptirler.
Sistem daha gelistig1 takdirde ¢ok daha kullanigli olacaktir. Barutlu sistemlere kiyasla hem
e nakliye ve depolama anlaminda hem de kullanan kisiler bakimindan daha giivenlidir.
-S> Icerisinde herhangi kimyasal madde bulunmaz. Ses hizindan 5 kat1 hizlarda atis yapabilir.
== Ancak Elektromanyetik Firlaticilar1 daha verimli ve kullanilabilir hale getirmek tizerine
= calismalar devam etmektedir.
~li I ~ ;r’,— Bu gahsmala.rc.l.an biri de flrlat.ma.l isleminin gergekleasn.l.em i¢in c.;ok fazla enerj.lye ve dolayhi
= S e— yoldan kapasitorlere duyulan ihtiya¢. Bu sorunun ¢oziilmesi i¢in ultra kapasitorler, volanh
.[ enerji sistemleri, siiper kapasitorler secenekler arasinda. Ayrica bir diger secenek: Yiiksek

giic gerektiren devrelerde kullanilan film kapasitorler. Enerj1 problemi ¢ozildiigti takdirde

kil 1: Bir Bobinli Elek 1k Firl ' . . i
>ekl ir Bobinli Elektromanyetik Firlatcinn i¢ yapist 3] barutlu sistemlere gore katbekat fazla hizlarda ve uzun menzile atis yapabilmek miimkiin.

RIBE  ytaavet Ales

ELEKTROMANYETIK FIRLATICILARIN
VERIMLILIGI

) (b
Sekil 2: Rayh Elektromanyetik Firlatici [3]

FIRLATICILARDA KULLANILAN MALZEMELER:

Elektromanyetik firlaticilarda firlaticilarin ¢esitlerine gore degiskenlik gostermekle birlikte
kondansator, bobin, mermi, namlu, tristor, diyot, transistor, piring boru, kestamit boru,
jenerator sistemi, giic kaynagi kullanilmaktadar.

Merminin namludan ¢ikmasi i1¢in yliksek akima ihtiya¢ vardir. Kondansatorler depoladiklar
enerjiyl devreye (bobine) ilettikler1 zaman yiliksek akim saglanmis olur. Yiiksek akim i¢in
yuksek kapasitorlii kondansatorler gereklidir. Devreye saglanan yiliksek akim bobine iletilir.
Bobinde olusan manyetik alan, miknatislanabilen mermiyi (iletken) hizlandirarak namludan
cikmasini saglar. Namlunun manyetik alandan etkilenmeyen karakterde bir malzemeden  Sekil 4: Bobinli Firlaticilarin i¢ mekanizmasi [5]
yapimi oldukc¢a onemlidir. Bu ylizden elektromanyetik firlaticilarda piring boru kullanilabilir.
Elektromanyetik firlaticilarda kullanilan tristor ise anahtarlama amaciyla kullanilir.

Elektromanyetik firlaticilarda verimliligin  arttirllmas1  ¢esitlerine gore degiskenlik
gostermektedir. Bobinli firlaticilarda bobinin ¢api, uzunlugu, sarim sayis1 ve kullanilan
KULLANIM ALANLARI telin ¢ap1 bobinli firlaticilarda verimlilik agisindan Onemli parametrelerdir. Ayrica bobin
uzunluguna ek olarak daha fazla bobin kullanilarak merminin daha uzun siire manyetik
alanda kalmasi saglanabilir. Fazla bobin kullanilan sistemlerde bobinler arasi mesafe
arttikca mermiye etki eden kuvvet de artmaktadir. Boylece merminin daha hizli bir sekilde
hedefe varmasi saglanir. Ek olarak verimliligin arttirilmasi 1¢in merminin kesiti,
uygulanacak voltaj ve akim degerler1 de onemlidir. Merminin ¢ap1 arttikga mermi 1le
bobinin arasindaki surtlinme kuvveti artacagindan yavaslatici etki gostermektedir. Yapilan
calismalar, uygulanan gerilimle dogru orantili olarak merminin hizinin arttigr bulunmustur.
Rayh firlaticilarda ray direnci sebebiyle verimliligi arttirma ¢alismalar1 devam etmektedir.
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Elektromanyetik Firlatici ve Elektromanyetik enerji kullanan sistemler;
* ucak firlatici olarak,

* mermilerin yliksek hizlarda ve uzun menzile firlatilmasi amaciyla,

* gemilerden torpido firlatilmasi gibi

askeri bir¢cok alanda kullanilmaktadar.

* Ayrica uydu firlatma sistemlerinde 1se ¢alismalar devam etmektedir.
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Among the various energy storage materials, supercapasitors are more preferedrecently as they store An EDLC supercapacitor was prepared using rGO coated electrode. The energy storage capacity, stability and
and trasnfer energy faster. In this study, the electrode was prepared by drying reduced graphene oxide energy-power density of the supercapacitor were determined using cyclic voltammetry (CV) curves, specific
(rGO) on a Cr-2032 plate after it was prepared by dropping method. 1M SO4Na-10H20 was chosen as capacitance curves and galvonostatic charge-discharge (GCD) curves obtained from the characterization. The
the electrolyte solution and the electrical properties of the supercapacitor were analyzed using following setup was used for analysis.

electrochemical analysis methods. Since the equivalent series resistance of the supercapacitor is very
low, it supports the power transfer of the capacitor at high levels, and the energy losses due to the internal
resistance of the material are at negligible levels.

Introduction

Supercapacitors have a very important place in energy storage systems due to their high power performance,
long lifetime and low cost. These batteries, which store energy electrostatically, can store energy much faster
than capacitors, while transferring this energy about ten times faster than electrochemical batteries.
Supercapacitors are divided into three different groups according to their materials and components. These are
Electrostatic Double Layer Capacitors (EDLC), Pseudocapacitors and Hybrid Capacitors. Charge storage in EDLCs
is simply based on the physical movement of opposite charges on the surface and is completely reversible. In
this type of capacitors, carbon-based materials are often preferred as electrodes. The reason for this is that
they are abundant, low cost, easy to produce, non-toxic, have ideal mechanical, conductivity and chemical
properties.

Methodology

=
- -

UMV/s
100 ml of water was added into 34 grams of Na2S04 salt required for the electrolyte solution to be used within | =0 mvis
the scope of the study. This solution, which was prepared as 1 molar, was left in the frequency mixer. 100 ml of ssad | ;$ ',::: In this fioure. the CV curves of the
water was added into 34 grams of Na2504 (Sodium Sulphate) salt required for the electrolyte solution to be used : 1 8t ; : t scanning rates of 20. 50
within the scope of the study. This solution, which was prepared as 1 molar, was left in the frequency mixer. Here, £ a4 gl ?%%ercagago% ° V/ & Thi ' h
the ionic bonded compound Sodium Sulphate; The negative ions of the hydrogen atom forming the water = ' P - o= el s afe glvEn. hls SfeD
o L . r . ~ / gives the current values reached by the rGO
molecules and the positive ions of the oxygen atom were separated into ions by the effect of electrostatic force. § : : / :/' against the potential we apply. The process
iy {r e - is completed as a result of the cyclical
; I continuation of the charge-discharge. These
ey CV curves resemble ideal curves. As the
i scanning speed increases, the curves turn
.:x)l_ M, "R A A A S A S A & into a rectangular structure with a large area.
Potertad (V)
Fig**:Cyclic voltametry at different scan rates
-9
0.5 mA
4 A Charge-discharge curves of the prepared
W / | /1 electrodes were obtained using the
'." \ '." "' galvanostatic charge-discharge technique.
S %24 '.‘ | \ f The curves show perfect resemblance to the
Then the highly conductive silk separator was left to sit in the solution. For the electrodes, the 2% reduced T 1/ [\ ideal supercapacitor curves. The perfection
graphene oxide, which is in liquid form, is dropped onto the steel spacer ( 20 mm radius, 3.2 mm height ). In the £ o, ‘1' \ / \ of the curves, the ion exchange between the
setup shown in the figure, it was left in an infrared dryer for 4 hours under 270 degrees heat treatment. The & } \ J \ ".‘ electrode surfaces and the electrolyte liquid;
electrodes took the form in the image as a result of this process. . .' w \ With the help of the separator, it shows that
| \ { \ it happens quickly and reversibly.
4 ‘ ‘.
0904
3  8® WO W3 Im0 WX 0 0®
Tme (5)
Fig**: Galvanostatic Charge-Discharge at 0.5 mA
* X0
-
“\. In this curve, the energy and power densities
Wae Dispersion 8 s of the supercapacitor are discussed. Having a
msgo?;g = = high power density shows that energy
f transfer can be done in a very short time,
= which is an ideal feature for the areas it is
2 intended to be used in.
1T
ar 1w
Energy Dersty (VWheg)
The electrode mass (uncovered spacer) needed for effective mass calculation was measured as 771.57 mg. way |9 CnordyandPower Densily at diferent current rates
The mass of the coated steel spacer was calculated as 779 mg and the mass of rGO (delta)m=7.73 mg. This l
value was accepted as 8 and half of it was taken in order to obtain efficiency. Then, solution was dripped on the -
bottom cover, after the electrode was placed, the solution was dripped again and the separator was placed. o Charge-discharge analysis of about 2000
The same procedures were repeated for the upper plate and the upper lid was closed. In the device in the s cycles was performed to determine the
figure, it became ready after it was closed with the effect of high pressure. E 881 stability of the electrodes. Based on this
3 analysis, it can be said that; After
g e approximately 200 cycles, the electrodes are
S B — able to maintain 40% of their initial capacity.
: . This shows that the produced electrode
o - materials are relatively stable.
0 @0 e om0 wes 200

Conclusion

Due to the high capacity, stability and high power density of the electrodes prepared in the light of the data
obtained, preference should be given to the field of energy storage. In addition, this battery, which has high power
density in espite of its energy, is ideal for all systems that require instant power transfer.
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Neural Networks have been a topic that become more and more popular since its inception. The opportunities provided by neural networks have been arising
more and more due to the explosive growth of available data and computing resources. Neural networks have achieved tremendous success in different aspects
of machine learning tasks such as image recognition, natural language processing, cognitive science, etc. In this poster, we introduce an application of scientific
machine learning called physics informed neural network and its show ability to solve partial differential equations.

Physics Informed Neural Networks

The logic behind neural networks is predicting a
candidate function and optimizing that function according
to an equation or experimental data. Mathematical
expression for neural networks is generally given as follows:

NN =0g- (zn::c,-w,- +b)
1=1

Where o is the activation function, x; is the data, w; is the
weights and b is bias. To approximate the function
accurately, we need to train our neural network which
basically means that we need to find proper weights and
biases that minimizes a mean squared loss function.

The idea of physics informed neural networks (PINN's) is
proposed by Maziar Raissi, Paris Perdikaris, and George Em
Karniadakis [1] as an option to solve partial differential
equations with neural networks. In that paper, they focus on
the problems that can be expressed as :

% + Nlu(z,t); A\] =0
Where Nlu(x,t),A] is a non-linear operator parametrized by 4
and u(x,t) is the hidden solution. We can state various
physical phenomenas like conservation laws, diffusion
process, heat transfer, fluid mechanics, Schrodinger
equation etc. For continuous time models, we define a
function f(x,t) as:

ou

fla,t) = = + Nlula,t)
and we try to assume u(x,t). By automatic differentiation, we
can obtain the derivatives of the function that the neural
network predicts. However, the loss function, which we need
to minimize, in PINNs is a little different. We evaluate the
partial differential equation with certain number of
collocation points N_f inside our domain (x,t). The loss
function related to f(x,t) is given as .

1 : 2
Mr— 2 > _|f(es )

INn the process of training the neural network, we usually use
data points where we know the answer. Those data points
are generally the initial condition and the boundary
conditions for our problem. For an initial condition y(x,0), and
boundary conditions, for given N_u data points on those
conditions, the loss function due to the initial and boundary
conditions are given as:

N,
1 i i i 4 1))2
MSE, — N ,§=1 \y(zs',t5") — NN(z',t5'))

Total loss for PINN is the sum of these two loss functions.

MSE = MSE; + MSE,

By minimizing MSE, we can find the shared parameters
between f(xt) and NN(x.t).

Diffusion Equation

A diffusion equation with a non-homogenous source
term with initial and boundary conditions given as

y(z,0) = sin(nx)

y(—1,t) = y(1,t) =0

can be written like :

(gty B gji/) ki e_lt(Sin(W- z)— Tl'28in(7r. z)) =0

The exact solution of this partial differential equation:

i sin(nzx)

et

We tried to predict the solution to this partial differential
equation using a PINN model. We mainly used Torch, one of
commonly used libraries for deep learning, and we used
pyDOE to create samples using Latin Hypercube sampling
method.

class model |

def __init_ (self, layers):
super( ). Inlr
¥ Activotion function will be used as tanh since It glves more aCurate valuses for gradlents
self.activation « torch.m, Tarh()
shortcyt fo 058 Tunct o
self.loss_function » torch.en.iSiLods(redaction « 'mmin
# Initialising meural metwork
self.lincars = torch.on Moduletist({torch.ms, Linsar{layersii]), layers{iel]) for L In rangellien{layers) |
self.i%er = § #For the cptimizer

i nitializatior
for 1 In rarge(len(layers)-1):
torch.nn, init . xavier_sormal_(self . linears[i|.weight.data, gainel @)
. '.c‘_?:r,! i %0 3 =
torch.na, init. 2ercs (self.lisears|i]).blas.dota)

sforward pass, data Is polrg through left to right in our meural metwork
def forwerd(self,x):
iF torch. i _tensor(x) le Troe:
x = tarch. from numgy(x
=X T
for 4 in rorge(len(layers)-2);:
2 = self Jineers(i](e)
& = salf sctivanion(z)
2 = self.lirears| 1](2)
return

354 dus to the PDI
def lossPOE(self x POE):
g = ¥ _POE.clone!)
g.requires_grad « Trim ® Enablieg differentisticon
f « self . forvard(g)
f 2t torch autograd. gradif g rorch . ones([g.shape(e], 1] . wo(device), mtala prioheTrue, Craate graphetrue (@] ¢ v
f ottt = torch. autograd. . grad(f _x_t, g, torch.ones g.shape ) . toldevice), create_graph=True)(9] # Second derivative
1.8 e € x 2f:,[1]) P e select the 2od slesent for & (the first ome i3 x) (Resweber the Input Xelx,t)
foxx o £ xx t2f:,[0])] P e select the 11t slesent for x (the secend ooe s L) (Resender t5e leput X 2D
fFofuofaxeswechopi-gii, 12])° (vorch sin{mp.pi * gl:, #:1]) « np.pl ** 2 * torch.sin(np.pl * glz, 0:1])) mipe
eturs self. loss_fenction(f,f_hat

OS8i 0N

gef loss{self x 8C,y BC x PCE):
1085 _5¢C = self. lossBC(x_BC,y B
1085 _pde » self.lossPOE(x_PORE)
raturs loss Beelods pde

We used a PINN model that has 2 hidden layers with 48
nodes each.

total_tpolints « 1w

o= 10 ® Number of training poists froe Downdary conditions
N o« Lo ? Noaber of collecation polnts that will %o used o evaluate POL

T ¥ o

We create a random dataset and prepare it for our model
using torch. This random dataset is shown in Figure 1.b.

We trained the network using the Adam optimizer method.
The exact solution of the given partial differential equation
and the predicted solution by our model is shown in Figure
1.a and Figure 1.c respectively. Codes can be found on

https://colab.research.google.com/drive/IDgMxbpxQeaUajkB
bu-iUTlyuGRMtDme5r?usp=sharing

Figure 1.a Figure 1.b Figure 1.c

Figures 1.a, 1.b, and 1c represent the exact solution to the PDE, non-trained dataset, and
trained prediction of our model, respectively. We predicted the solution with a training loss
of 9.0009795e-05 and test loss of 0.035989974

Non-Linear Schrodinger Equation

INn the paper written by Maziar Raissi, Paris Perdikaris, and
Ceorge Em Karniadakis, the non-linear Schrodinger
eguation with periodic boundary conditions is solved via a
PINN model.

Yi(z,0) « 2sechiz)

W(-5,1) « ¥(5,¢)

o' ( ol
(7;; )! 1) })—’. )l’u‘:

Since the solution Y(x, t) is complex-valued, output layer
iIncludes 2 nodes (one for the real part, and one for the
Imaginary part). They simulated the equation to create high-
resolution data, Subsequently, an additional loss due to the
initial data has occurred. The total loss function :

MSE =~ MSE, + MSE; + MSE,

N,
=3 Wzt 0) - ¥

L4 4 ‘

MSE, =

N, i
l - S “N, i 2
MSE, N E (l (-5,6) - ¥(5,8)| '( or )I 52 ) ( 0’).'“;)' )

¥ )

Ny
Ny o

Here, MSE, represents the loss due to the initial data, MSE,,
enforces the periodic boundary conditions, and MSE;
penalizes the non-linear Schrodinger equation not being
satisfied on the collocation points.

They used a PINN model that contains 5 hidden layers
with 100 nodes each and they used the hyperbolic tangent
as their activation function.

t = 0.59 £ =079 t = .95

hit,z)
hit,r)
hit,x)

(4] 0 0

w—— Lxact - o Prodiction

Figure 2 : Comparison of the exact solution and PINN prediction, done by M. Raissi et al.[1].
They predicted the complex valued solution to non-linear Schrodinger equation for given
initial and boundary conditions with 1,97 x 1073 relative error.

Yildiz Technical University Faculty of Arts and Sciences

Wave Equation

Another investigation of PINNs is done by T. Nissen-Meyer,
B. Moseley, and A. Markham [2] by solving the agustic wave
equation. In this work, they propose a curriculum-learning
based strategy for training the PINN, rather than the
standard approach used by Raissi et al.[1] which improves
convergence.

MNooda e m

o
I B

Figure 3: Comparison of the PINN wavefield prediction to ground truth FD
simulation, using a homogeneous velocity model

Conclusion

Another way of solving differential equations is the finite
element method. The main idea of the FEM is to convert the
boundary value porblem into a system of linear equations
and getting numerical solutions by solving It.

Differential ' Linear system

\
Equation + _’"l FEM +—* of equations
l

BCs ! (Ax=b)
J

A comprasion between these two methods for three
dimensional Poisson equation have done by Tamara C.
GCrossmann, Urszula Julia Komorowska, Jonas Latz, and
Carola-Bibiane Schonlieb [3].
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(b) Plot of time 10 imerpolate FEM and evaluate PINN in sec
(a) Plot of time 1o solve FEM and train PINN in sec versus 7 versus relative error. For comparison, the time 1o solve FEM s
relative error. also plotied.

Figure 5: Plot for 3D Poisson equation of time in sec versus relative error.

It can be seen by their work that even though PINNs
perform faster for the evaluation of the solution sometimes,
it is not a replacement for now. However, as they mentioned
INn the paper, PINNs are better at the transition to the higher
dimensions. Increments in the computational cost for PINNs
are much smaller compared to the Finite Element method
hence using PINNs for the high-dimension settings would
be more efficient due to the cost of the classical methods.
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Bu calismanin temeli

 Manyetik vektor potansiyel ile sitperiletken halkada olusan Cooper ciftleri arasinda bir

etkilesim 6ne surulmesi,

 Manyetik vektor potansiyel ile Cooper ciftleri arasindaki etkilesimin Aharonov-Bohm etkisi
benzeri bir matematiksel yaklasimla teorik olarak ortaya konulmasi ve aciklanmasi,

* Bu olasi iliskiyi saglayabilecek fiziksel diizenegin olusturulmasidir.

Superiletkenlik ve Teorileri

Superiletkenlik ilk defa 1911 yilinda Kamerligh Onnes
tarafindan civa Gzerinde gosterilmistiris). Stperiletkenlik
Ozelligi gosteren malzemeler cok dusik olan belirli bir
kritik sicakhiga kadar sogutulduklarinda sifir 6zdireng
gosterirler. Bu sicakliklar OK ya kadar yaklasan cok dusuk
sicaklik seviyeleridir. Daha sonralari yuksek sicaklikta
superiletken olabilen malzemeler Uretilmistir. Bu
malzemeler kristalik kimyasal bilesikler olup ylksek
sicaklik stperiletkenleri olarak bilinir ve 90 K degerinde
superiletken olan  o6rnekleri  vardir(YBCO). Saf
superiletken malzemelere aliminyum, kursun, niobyum
ve kalay ornek verilebilir. T, kritik sicaklik degeri farkl
superiletken malzemelere gore degisir. Stiperiletkenlerin
manyetik Ozellikleri de kendilerine 6zglidiir. Uygun bir
manyetik alan icine konulan sogutulmus superiletken

Current Density

J

Superconducting T

malzeme mukemmel diyamiknatislik gosterir. Bu durum — Temperature

Meissner etkisi olarak adlandiriir. Ancak bu dis
manyetik alan belirli bir kritik degerin Ustlindeyse
superiletkenlik ortadan kalkar. Ayni durum kritik bir
akim  yogunlugu degeri icin de  gecerlidir. Magnetic Field
Superiletkenlikte olusan akim artik stiper akimdir ve
cesit teorik tanimlara sahiptir. London denklemleri ile
siperiletkenlikte iletimi ifade eden , meissner etkisini ve
manyetik alanin  sizma derinligini ortaya koyan
denklemler bulunmustur. Stperiletken malzemeler Tip |
ve Tip Il olmak Uzere iki grupta incelenirler. [1]
O .

43»43;; ngmﬁ Cooper Cifti Animasyon

e o iy
S iy

" [11]

Non-Superconductive
metal

Resistance

s

[9]

“——Superconductor
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Tip | ve Tip Il stperiletkenlerde stperiletkenlik mekanizmasinda bir fark yoktur. Fakat Tip |
superiletkenler tek bir H. yani kritik manyetik alan degerine sahiptir bu deger asildiginda
siiperiletkenlige ait tim 6zelikler ortadan kalkar. Ote yandan Tip Il siiperiletkenler tim super
iletkenlik 6zellikleri tek bir H, degeri asildiginda ortadan kalkmaz. Yani bir den fazla kritik manyetik
alan durumu sodz konusudur. Ornegin iyi bir Tip Il slperilektende H.; noktasi asildiginda
mukemmel diyamanyetizma 06zelligi ortadan kalksa bile H., daha yuksek noktasina kadar
elektriksel ozelliklerini korumaya devam eder. [1]

BCS teorisi superakimlarin 2e vyikine sahip bozon benzeri davranis sergileyen elektron
ciftlerinden yani Cooper ciftlerinden olustugunu one strer. Bu iki elektronu birbirine baglayan
madde orgusinin kuantasi olan fononlardir. Sicaklik cok dusik oldugundan orgl tiresimlerinin
genlikleri cok dusuktir. Bu durumda madde icerisinde hareket eden elektronlar ile 6rgli yapisina
cekim uygulayarak titrestirir .Eger hareket eden bu iki elektron belli bir uyumla hareket ediyorlarsa
bu iki elektron arasinda bir orgu titresimi olusur. Buna daha genel bir tanimla elektron-fonon-
elektron etkilesimi denebilir. Yani sicaklhigin disik olmasi duzenli bir iletim durumu olusturur. Bu
teori suUperiletkenligin madde icindeki mekanizmasini aciklamasinin yani sira yiksek sicaklik
supertiletkenleri ve tip | tip Il siperiletkenlerin farkh ozelliklerini de aciklar. [1]

Ginzburg-Landau teorisi ise Cooper ciftlerini uzayda bir dalga fonksiyonu olarak tanimlayarak
superiletkendeki serbest enerji yogunlugu Cooper ciftlerinin dalga fonksiyonuyla tanimlanir. Bu
denklem yoluya stiperakim yogunlugunu ifade eden ikinci denklem de ortaya ¢cikmistir. Bu teorinin
sonucu olarak superiletkenler hakkinda koherens uzunlugu gibi 6zgin ayrit edici o6zelikleri
matematiksel olarak tanimlamistir. [1]

Aharonov-Bohm Etkisi ve Vektor Potansiyel

Bu etki klasik elektrodinamikten olclilemez olarak bilinen vektor potansiyelin elektronlar Gizerinde
ortaya cikan bir etkidir. Bu etkiye gore bir elektron demeti vektor potansiyeliyle etkilesime
girdiginde farkli konumlardaki elektronlar arasinda faz farki olusmaktadir. Aharonov ve Bohm
elektron demetinin dalga fonksiyonunu faz durumunu ifade edecek sekilde yeniden tanimladilar.
Bu faz farkini ise vektdr potansiyele baglh bir cizgi integrali ile ifade etmislerdir. Bu tanimlarini
zamana bagh kanonik olarak vyazilmis Schrodinger denklemine uyguladiklarinda denklemi
ongorulerine uygun olarak sagladigini gormuslerdir. Aharonov ve Bohm bir yariga goénderilen
elektronlarin yarigin ébir kisminda bulunan bir solenoidin olusturdugu vektor potansiyelinden
solenoidin hangi tarafindan gectiklerine bagl olarak etkilendiklerini ve bu etkilenimin ekranda
olusan girisimde bir faz kaymasi olarak ortaya cikacagini ongérmauslerdir. Bu sekilde bir deney
onermislerdir. Bu girisimin deneysel varligi R.G Chambers tarafindan ortaya konulmustur.2ji4)
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ifia z—h—V2W’—|—V\U’ B=VXxXA=0but A#0
ot 2m
=
electron

beams .
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Manyetik Aki Kuantalanmasi ve Kalici Akimlar

Superiletken bir halka kritik sicakhga kadar sogutulur ve bir gerilim uygulanirsa A
halkada kalici akimlar olusur. Eger sUperiletken kritik sicakliga kadar sogutulmus
halkaya manyetik alan uygulanirsa halka da yine kalici akimlar olusur. Direng sifir
oldugundan gerilim kaynagi veya manyetik alan kaldirildiktan sonra bu akimlar kalici
olarak var olmaya devam eder. Siperiletkenlik kogsullari strdiraldigt strece "\  o=.
akimlarin varligi devam eder. Burada diger 6nemli bir kriter kritik akim yogunlugunun \_ 5o = o 5
asiimamasidir. Asildigi durumda ise yine superiletkenlik ortadan kalkar. Bu akimlarin

suresi oldukca uzundur ve bu sure yaklasik olarak 107(4x1077)s seviyesindedir.
Fluxoid halkada olusan manyetik akinin kuantasidir. Uzerinden kalici akimlarin gectigi
bir halkaya dis bir manyetik alan uygulanirsa halkada olusan toplam aki kuantalanir. 11 Tlh

O=—=nod
2e ™o

Superconducting
ring

non-superconducting
region

n-d, [7]

Teori

Bir solenoidin etrafinda olusturulan vektor potansiyelin solenoid sekildeki gibi konumlandirildiginda stpertiletken halkada
olusan Cooper ciftlerini etkiledigi one strtilmektedir.

—3 Sliperiletken halka

Sekilde goruldugu uzere B alan yalnmizca selonoidin icinde bulunmakta ve vektor potansiyel A siperakima zit yondedir.
Bu zitlik stiperakimda bulunan Cooper ciftlerinin bir kisminda faz farki olusturacaktir. Yani vektor potansiyel Cooper
ciftleriyle Uzerlerinde bir faz farki olusturmasi yoluyla etkilesime girer. Bu etkilesimi matematiksel olarak ortaya
koymak icin Ginzburg-Landau teorisinin temel denklemi kullanilabilir.
1 L= -
— (—ihV - qA)¥ — BIP|?Y = —a¥

Bu denklem Schrodinger denklemine bircok acidan benzemektedir. Aharonov-Bohm etkisinde kullanilan matematiksel
yaklasimi burada kullanabiliriz. Yani, Cooper ciftleri i¢in yeniden tanimlayacagimiz dalga fonksiyonu Ginzburg-Landau
(G-L) denklemini saglamaldir. Cooper ciftlerinin siiperiletkenlik teorilerindeki tanimi ¥=v/n e‘®(™ olarak verilir.

n burada malzemedeki cift yogunlugu 6 (r) ise faz farkidir.

Cooper ciftlerinin dalga fonksiyonu icin yeni bir tanim yapilirsa, 'P=\/E-ei9(’”) ¥’ halini alir. Faz farki yine vektor
potansiyele bagh bir yol integrali olarak alinir ve 6(r)= for A (r) dr olarak tanimlanir.

A= %(]3 , vektor potansiyel @ = ma?B, selonoid icinden gecen aki  a: selonoidin yaricapi
Py = % , n;: faz farki olusan ciftlerin yogunlugu

i

70 = (q/h)A

Zamandan bagimsiz G-L denklemine bu dalga fonksiyonunu uygularsak:

~(=in¥ — qA)W — BIY|2Y = —a¥

2m

Tw=ym; (e (iV0) ¥'+ e (7))

(—ihV — qA) W= ihV¥ — qAW=—ih\n;(e' (iVO)¥' + e (V¥'))—qAn; oW’
V6 = (q/R)A ifadesi yerine konulursa,

=—ihym; e (i(q/M)A)P’ — eV (ih) y; — qAymze'® W'=—ihe'® VW' \/n;
sonucuna ulasilir. Daha sonra,

(—ihV — qA)? = (—ihV — qA) (—ihe'® V¥' ;)

= —h2V (VW) ym; + e (iqhd) VW' ym;
= —h2ym;(ie'®(V0) (VW')+ V. (V') ym; + e'f (iqhd) VW' ym; 7o = (q/h)A
= —h%e'%V2¥’ /m; bulunan bu ifade G-L denkleminde yerine konulursa,

2 . . .
_ zh_mm o2y’ 4 Bngym; elfy — —a\n; elfyr sadelestirmeler yapilirsa,

2
— zh_m V2@'+ fn ¥’ = —a¥’ ulasilan sonugtan anlasilacagl iizere tanimlanan dalga fonksiyonu G-L denklemini vektor

potansiyeli icermeden sagladi. Bu demektir A vektor potansiyeli etkilesime giriyor ve yine hali hazirda tanimlanmis
fiziksel teoriye uygundur.

Sonuc ve Tartisma

Teori kisminda ortaya konulan sonuclar bize stperiletken bir halkada olusan kalici akimlarin vektor potansiyelinden etkilendigini

gostermektedir. Bunu dne sirmekle beraber,

e Slperiletkenlik konusunun neredeyse tim alt dallarinin daha iyi ve derin anlasilmasini saglayacak tartismalara kapi
aralayabilir.

* Daha genel olarak ise vektor potansiyelin fiziksel anlami hakkinda yeni bilgiler ortaya koymaktadir.

* Ayni zamanda bu etki vektor potansiyelin fiziksel sureclerde nasil bir islevi olduguna dair genel bir tartismaya katki
saglamaktadir.
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ABSTRACT

Nuclear fusion, the process that powers the stars, holds the promise of providing a virtually limitless and clean energy source for humanity. This thesis explores the state of the art in nuclear fusion to understand its potential
as a viable solution to our growing energy needs. The thesis begins by examining the basic concepts of nuclear fusion and explaining the scientific principles that govern this remarkable phenomenon. The basic fusion
reactions and their associated parameters are discussed, shedding light on the conditions necessary to achieve controlled fusion on Earth. It also provides an overview of different fusion reactor designs, including magnetic
confinement and inertial confinement approaches, highlighting their unique features and technical complexities. Finally, a comprehensive review of current and past fusion research projects and experiments is presented.

This analysis demonstrates the progress made in energy research.

INTRODUCTION

Fusion is the nuclear reaction in which two light nuclei release energy to form a heavier nucleus. Fission, in contrast to
fusion, is the reaction in which a neutron strikes the nucleus of an atom of a heavy element, such as uranium, and is
absorbed, causing it to become unstable and split into two smaller nuclei. The energetic priority in the splitting of a
nucleus can be seen from the binding energy per nucleon.

In the graph below, the binding energies per nucleon are plotted against the mass number. The curve reaches a
maximum near A=56, where the nuclei are very tightly bound. As the graph shows, fusion occurs in the region of
nuclei smaller than A=56 and fission in the region of nuclei larger than A=56.
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Fusion can be considered a source of energy because it has the advantages that light nuclei are abundant and easy to
obtain, the products are usually light nuclei, and they are more stable than heavy radioactive nuclei. In addition to its
advantages, fusion has a significant disadvantage in that light nuclei must overcome the Coulomb barrier before they
can fuse. Because of the Coulomb barrier, fusion is not a natural process on Earth (like fission). That is, it does not
occur spontaneously, but once the Coulomb barrier is overcome, fusion takes place, and the nuclei rapidly fuse into a
state of minimum energy.

1) D-T (Deuterium-Tritium) Fusion Reaction

Deuterium is an isotope of the hydrogen nucleus, which consists of one proton and one neutron. The term isotope
refers to an atom with the same number of protons but a different number of neutrons. It is symbolized as?H. There is
another hydrogen nucleus isotope, tritium, consisting of a proton and two neutrons. It is symbolized as ?H. The
deuterium-tritium fusion reaction occurs as follows:

(H + H — He+ n+17.59MeV

The characteristics of this reaction are that the resulting energy is as high as 17.6 MeV and the required temperature is
4.4 keV. For fusion reactors, deuterium-tritium fuel is the best option. The most prevalent element in the universe,
hydrogen, has isotopes called deuterium and tritium. Deuterium is twice as heavy as hydrogen, whose atomic nucleus
consists of only one proton. As a result, it is often referred to as heavy hydrogen. Deuterium is abundant in water (sea,
lake, glacier, river, rain, etc.) in the form of heavy water at a ratio of 1/5000. Deuterium atoms make up the majority of
the hydrogen atoms in saltwater. This means that our oceans contain tons of deuterium. Tritium is a radioactive
isotope that decays relatively quickly and does not occur in nature, as it has a half-life of 10 years. In general, the
tritium isotope is produced by the reaction of lithium with thermal neutrons. Exposing the element lithium to
energetic neutrons can produce tritium.

2) D-D (Deuterium-Deuterium) Fusion Reaction

The overall hydrogen fusion reaction converts four individual protons into a helium nucleus containing two protons
and two neutrons:

29 R
29 PP+

{ 1 “He

It has a lower cross-section (i.e., probability of reaction) than the D-T reaction. It occurs at a high temperature of 48
keV.

This overall reaction proceeds in several steps involving only two nuclei at a time. The sequence of steps that occurs on
the Sun is called the proton-proton chain because it starts with collisions between individual protons (hydrogen
nuclei). The figure below shows the steps in the proton-proton chain. In the overall reaction, four protons combine to
form a helium nucleus. Energy is carried by gamma rays and subatomic particles (neutrinos and positrons) released in
the process.
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How does nuclear fusion occur in the Sun?

Fusion occurs on the Sun because the Sun's core is a collection of hot gas filled with positively charged atomic nuclei (and
negatively charged electrons). At any given time, some of these nuclei are on a high-speed collision course with each other.
Because the positive charges tend to oppose one another, electromagnetic forces typically deflect the nuclei, preventing
actual collisions. But if the nuclei collide with enough energy, they can stick together to form a heavier nucleus. Positively
charged nuclei are not easy to stick together.

The strong force that binds protons and neutrons together in atomic nuclei is the only force in nature that can overcome the
electromagnetic repulsion between two positively charged nuclei. The strong force overcomes the electromagnetic force at
very small distances but is insignificant when the distances between particles exceed the size of atomic nuclei. The key to
nuclear fusion is to bring the positively charged nuclei close enough together that the strong force overcomes the
electromagnetic repulsion. The high pressure and temperature in the solar core are favorable for the fusion of hydrogen
nuclei into helium nuclei. The nuclei must smash at extremely high speeds to come close enough for Fusion, hence the high
temperature is crucial. The higher the temperature, the harder the collisions, which makes fusion reactions more likely at
high temperatures.

Fusion Reactor Concepts

Fusion reactor concepts encompass a variety of designs and approaches aimed at achieving controlled and sustained fusion
reactions.

1. Tokamaks: Tokamaks are the most studied fusion reactor concept. They use a toroidal (ring-shaped) magnetic field to
confine the plasma in which the fusion reaction occurs. Tokamaks achieve plasma stability through a combination of
magnetic shaping, plasma current control, and heating mechanisms. Their advantage is that they can achieve high plasma
temperatures and pressures, increasing the probability of fusion events. The confinement properties of tokamaks make
them suitable for continuous energy production.

Current Research Status: The International Thermonuclear Experimental Reactor (ITER) project represents the culmination
of international cooperation to build the world's largest tokamak. It aims to demonstrate the scientific and technical
feasibility of fusion power on a large scale.

2. Stellarators: Stellarators are another fusion reactor concept that uses complex, three-dimensional magnetic fields to
confine the plasma. Unlike tokamaks, stellarators do not rely on a plasma current for magnetic confinement, but instead, use
carefully designed magnetic coils to create a magnetic field configuration that prevents plasma instabilities.

Current Research Status: Stellarator research focuses on optimizing magnetic configurations and developing advanced
plasma heating methods. Notable stellar experiments include Wendelstein 7-X in Germany and the Large Helical Device
(LHD) in Japan.

3. Inertial Confinement Fusion (ICF) Approaches: Inertial confinement fusion involves compressing small fuel capsules,
typically containing a mixture of deuterium and tritium, using powerful lasers or particle beams. This compression results in
a high-density, high-temperature plasma that enables fusion reactions. The fusion fuel is trapped for a short time and the
resulting energy release is collected.

Current Research Status: Experiments such as the National Ignition Facility (NIF) in the United States are investigating the
feasibility of providing ignition and energy recovery through ICF. Research focuses on optimizing and improving fuel capsule
designs.

Prominent Fusion Experiments and Facilities

Many major fusion experiments and facilities around the world have made significant contributions to the understanding of
Fusion energy. Among them, the International Thermonuclear Experimental Reactor (ITER) and various other experimental
devices stand out.

ITER (International Thermonuclear Experimental Reactor)

* Purpose: ITER, currently under construction in France, aims to demonstrate the scientific and technical feasibility of
fusion power on a large scale. It aims to achieve a self-sustaining fusion reaction and to produce net energy from fusion.

* Research Goals: The primary goal of ITER is to obtain a burning plasma in which the energy produced by fusion reactions
exceeds the input energy. It aims to study the behavior of a plasma sustained by a combination of heating methods and a
magnetic confinement system.

JET (Joint European Torus)

* Purpose: Located in the United Kingdom, JET is the largest tokamak experiment. It serves as a testbed for fusion
technologies and provides the necessary data for ITER.

* Research Goals: JET focuses on plasma physics, plasma heating methods, and materials science for fusion. It aims to
investigate plasma behavior, optimize plasma performance and explore operational scenarios for tokamaks.

Wendelstein 7-X

* Purpose: Wendelstein 7-X, located in Germany, is a stellar experiment. It aims to advance the understanding of stellarator
physics and explore the potential of stellarators as a fusion energy concept.

* Research Goals: Wendelstein 7-X focuses on the optimization of plasma confinement, stability, and magnetic
configurations. It aims to demonstrate the steady-state operation and improved plasma performance.

National Ignition Facility (NIF)

* Purpose: Located in the United States, NIF is primarily focused on exploring inertial confinement fusion (ICF) as an
approach to fusion energy.

* Research Goals: NIF aims to achieve ignition, a state in which the fusion reaction is self-sustaining and releases more
energy than the input energy. It investigates high-energy laser compression of fusion fuel capsules.
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OZET

Bu ¢alismada hem ticari nano Bi,O; ve WO, katkilara alternatif olmasi hem de daha dusik tanecik boyutuyla daha fazla radyasyon etkilesimi saglayacak nano pargaciklarin sentezlenmesi hedeflenmistir. Bu amaca uygun olarak
asitli Bi,WO, ve asitsiz Bi,WO, Hidrotermal ydntem uygulanarak sentezlenmistir. Nanopargacik sentezi icin uygulamadaki basitligi ve sahip oldugu yuksek kontrol kabiliyeti sebebiyle HT metot tercih edilmistir. Bu

metot O0zlinde, normal kosullar altinda nispeten ¢co6zinmeyen malzemeleri cozmek ve yeniden kristallestirmek icin kapali bir sistemde bir atmosfer basin¢ ve oda sicakligi kosullarinin Gzerindeki sulu veya susuz ¢oziculer
veya minerallestiriciler varliginda herhangi bir heterojen veya homojen kimyasal reaksiyonu ifade etmektedir.

Bi,WO, SERAMIGININ SENTEZLENMESi SONUCLAR
SEM Goruntuleri
Asitli Bi,WO,'nin sentezi: Sentezlenen Bi,WO, parcaciklarinin yuzey morfolojileri Zeiss Supra 40VP model Taramali Elektron
Mikroskobu (SEM) ile gdruntilenmistir. Ilgili mikrograflar sirasiyla Sekil3 (a) ve (b)'de gdsterilmistir. (Asitli
3 mlHClve9 mlsafsuile birlikte karistirilarak asit ¢ozeltisi hazirlanmistir. sentez i¢in) Bi,WO, parcaciklar sekil 2'de gortldigu gibi kalinliklari 50 nm ile 150 nm arasinda degisen kare
e Soliisyon 1: 8,2 gram amonyum meta tungstat hidrat (AMT) ve 25 ml su ile birlikte karistirilmistir. ve dikdotgen benzeri cubuksu sekillere sahiptir.
Solisyon 1'e asit damlatilarak 1,9 pH'a gelmesi saglanmistir. Hazirlanan soliisyon 4 saat boyunca o o , , , , _ ) o
manvetik karistiricida 500 rpm'de kanistinlmistir. (A.5|t5|z"sentez icin) Yakla§|k 2 um gap’mdaknl %B g[g.(.ek 'b(.anzerl .y‘LujyarIak §?klllere (mlkrokure)"sa-\.hu:)"tlr.B|2WO6
e Soltisyon 2: 0,3 ml HCI 25 ml saf suda 10 dakika boyunca karistiriimistir. Bu ¢6zelti icerisine daha sonra mikrokureler, aflmda Se,k'l 4 (a) ve (b)de gortldiigu gibi kendiliginden birlesen cok sayida puriizstiz yaklagik
1,065 gram bismuth nitrate penta hydrate ve 0,25 gram polivinylpyrrolidone (PVP) eklenerek manyetik 100 nm uzunluguna sahip kare nano-tabakalardan olusmaktadir.

karistirici yardimiyla 45 dk. siiresince 500 rpm'de karistiriimistir.

e Solisyon 1 ve solisyon 2 birlestirilerek 10 dk. daha kanstirilmistir. Ardindan ¢ozelti 50 ml hacimli
paslanmaz celik otoklavin icine aktariimistir. Otoklav 180°C’deki etuv icerisine konularak 24 saat
boyunca reaksiyonun gerceklesmesi saglanmistir. 24 saat sonunda otoklav acilarak elde edilen sari
renkteki cokelti sirasiyla saf su ve etanolle yikanmistir.

* Son olarak Bi,WO, parcaciklari 80°C’de 4 saat kurutulmug ve 500°C’de 3 saat tavlanmistir.

Etanol ve
saf su Bi, WO,

L - . .
; : 4 E.
- — _
um O
- ::> » 4 L 200 nm
- - - [ ag <

b EHT = 15.00 KV WD = 85 mm Signal A =SE1 Mag = 60.00 K X

EHT = 1500 kV WD = 8.0 mm Signal A = SE1

Sekil 1. Asitli Bi,WO,'nin sentez siireci

Asitsiz Bi,WO;'nin sentezi:

e Soliisyon 1: 0,555 gram sodyum tungstate de hydrate ve 25 ml saf su 1 saat 500 rom'de karistirilmistir.

e Solitisyon 2: 1,065 gram bizmut nitrat pentahidrat, 0,25 gram PVP ve 25 ml saf su manyetik karistiricida
30 dakika stresince 750 rom'de karistirilmistir.

* Hazirlana solusyon 1 ve 2 ayni beher icine aktarilarak 10 dk. Boyunca terkrar karistirilmistir. Karisim

180°C’deki etliv icerisine konularak 12 saat boyunca reaksiyonun gerceklesmesi saglanmistir. Otoklav a g e, - SR e |

|g|ndek| kOVU renkli QbZElti once saf su ardindan etanol ile ylkanm|§t|r. EHT =15.00kV WD =11.5mm Signal A = SE1 Mag = 10.00 K X fﬂ{m" EHT =15.00kV WD= 9.0mm  Signal A = SE1 Mag = 60.00 K X

Son olarak Bi,WO, pargaciklari 80°C’de 4 saat kurutulmugs ve 500°C’de 3 saat tavlanmistir.

Sekil 4(b)

sodyum tungstate R .
dehydrate XRD Goruntuleri

Sentezlenen Bi,WO, tozunun kristal yapisi, 20° ila 60° araliginda Cu-Ka radyasyonu (X-isininin dalga boyu
1.5406 A olarak) ile saglanan XPERT-PRO model X-isini kirinim cihazi kullanilarak karakterize edilmistir.

- |:’)
- E) 3000 | é Bi, WO, (JCPDS no. 26-1044)
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ABSTRACT . In this study, ZnS hexagonal structure was created by using a program namely VESTA(VESTA is a 3D visualization program for structural models). The ground state energy of the structure were calculated using the structure model

which was created. The lattice vectors of the structure were decreased and increased by a certain amount. The dependence of ground state energy on the surface area of the structure has been investigated. The ground state energy calculations were

made with a computer program called VASP, which calculates with density functional theory (DFT) .

ZINC SULFIDE (ZnS) STRUCTURE

Zinc sulfide (ZnS), a naturally occurring salt, is the main source of zinc. It has two common crystalline forms
(polymorphs): Sphalerite (“zinc blende”), with a cubic crystal structure, is the form that predominates in nature.
Wurtzite, with hexagonal crystals, is scarcer, but it can be made by heating sphalerite to 1020 2C.

In nature, both ZnS polymorphs usually contain significant amounts of iron that makes them appear black. The purified
salts are white-to-pale yellow or gray. The most common use of ZnS is as a pigment for paints, plastics, and rubber.
Lithopone, a mixture of ZnS and barium sulfate (BaSO,), is a widely used pigment for low-gloss paints.

The interest on ZnS and its modification as ZnS based composite for solar cell based material has been exponentially
increasing. During the past three decades, ZnS has been successfully prepared from conventional synthetic routes such
as one pot synthesis, sol gel formation, hydrothermal preparation as well as solid state reaction. Up to the present time,
ZnS has been further developed as ZnS based composite materials in order to extend the quality of utilization.

MONOLAYER ZnS HEXAGONAL STRUCTURE

(a) o & b 6.\

(b)

Figure 1. (a) and (b) Hexagona monolayer ZnS structure

CALCULATING WITH VASP

VASP needs four files which is including information about the structure:

1.POSCAR : The POSCAR contains at least the lattice geometry and the ionic positions.

2.INCAR: The INCAR file is the central input file of VASP, which determines what to do and how to do it.
3.POTCAR: The POTCAR file essentially contains the pseudopotential for each atomic species used in the calculation.
4.KPOINTS: The KPOINTS file specifies the Bloch vectors (k points) used to sample the Brillouin zone.

THE SCHRODINGER EQUATION

Most of the electronic structure properties of atoms, molecules and solids can be obtained by solving the nonrelativistic
time-independent many-electron Schrodinger equation. The basic form of the time independent Schrodinger Equation
is

HY(R,r)= EY(R,r)

H is the Hamiltonian operator consisting of the kinetic energy, mutual Coulomb interaction and external confinement
operators.
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The Schrodinger equation can be solved easily for one electron system. For multiple electronic system it is hard to solve
the Schrodinger aquation. Due to the fact that some approximations have been found to find an approximate solution
for Schrodinger equation. One of them is density functional theory (DFT).

HOHENBERG-KOHN THEOREMS

The first HK theorem states that the ground state electron density ( po(r)) for any system of interacting particles
determines the external potential (Vext(r)) uniquely. In other words, the external potential is a unique and well-defined
functional of the electron density. The electron density alone is enough to determine all observable quantities of the
system.

The second HK theorem, which provides the energy Variational Principle, indicating that the energy of an electron
distribution can be described as a functional(F[p]) of the electron density. This functional is a minimum for the ground
state density.

For systems without degenerate ground states, there is only unique electron density which corresponds to external
potential and the minimum energy is obtained with this ground state density.

KHON SHAM EQUATIONS

The current DFT is based on previous Works of Khon-Sham. The Khon — Sham theory is based on : the ground state
electron density of an interacting system will also be the ground state electron density of a non-interacting system with
an effective potential Veff. They used a modified form of the Schrédinger wave equation for a non-interacting system
that produced the same value of grand state electron density as that produced by the Schrodiner equation of an
interacting system.

Solution of the Kohn-Sham equation is summarized in the following figure.
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DENSITY FUNCTIONAL THEORY(DFT)

Many-body DFT

problem
electron

B

In DFT, the electron density is used instead of the many-body wave function to describe the ground state properties of
interacting system. DFT starts with Thomas-Fermi (TF) model (Thomas, 1927, Fermi, 1928) which defines the total energy
of electrons as a functional of the electron density instead of wave function.

The electron density (p(r)), which determines the probability of finding any of the N electrons within volume element dr.

f p(r)dr =

There is neglected all exchange energy and correlation effects and thereby, the total energy functional involves only the
direct Coulomb repulsion (Hartree energy) and the coupling to the external potential terms.

I

Energy (eV)

b)

100
High Symmetry Points TDOS

Figure 4. a) Calculated band structure of pure ZnS monolayers and their corresponding total Density of States (TDOS).
b) Reciprocal space of hexagonal structure.
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Figure . Density of States of Hexagonal ZnS structure with Spin-Up and Spin-Down calculation with magnetic moment
1,UB.

All calculations in this paper were carried out by the first-principle method based on density functional theory (DFT), as
performed in the ab initio VASP code [4,5]. The generalized gradient approximation (GGA) and Perdew-Burke-
Ernzerhofer (PBE) functional were used to deal with the electron exchange-correlation functional [46]. The projected
augmented wave (PAW) method was adopted to interpret the electron-ion interactions. The weak interactions in the
layered materials were described using the DFT-D3 method. A plane wave cutoff energy was set to be 400 eV, with a
convergence of energy and force of 107> eV /A and 0.01 eV/A. The first Brillouin zone was sampled with a Monkhorst-
Pack grid of 6x6x1.

Calculations resulted in that, 2D Hexagonal Monolayer ZnS has direct band gap of Eg = 2.094eV consistent with the
value in the literature. Structure has symmetric spin-up spin-down total DOS with non-magnetic property [1,2,3].

KAYNAKCA

[1] «Theoretical Study of ZnS Monolayer Adsorption Behavior for CO and HF Gas Molecules», Lalmuan Chhana, Bernard
Lalroliana, Ramesh Chandra Tiwari, Bhanu Chettri, Lalrinthara Pachuau, Shivraj Gurung, Lalmuanpuia Vanchhawng, ACS
Omega, 2022, 7,40176-40183

[2] «Electronic and optical properties of 2D graphene-like ZnS:DFT calculation», Hamed Lashgaria, Arash Boochanib,,
Ashkan Shekaaria, Shahram Solaymanic,Elmira Sartipib, Rohollah Taghavi Mendi, Applied Surface Science 369 (2016) 76—
81.

[3] «Transition Metal Doped ZnS Monolayer: The First Principles Insights», Rajneesh Chaurasiya and Ambesh Dixit, The
Physics of Semiconductor Devices, Springer Proceedings in Physics 215, Springer Nature Switzerland AG (2019).

[4] Kohn, W.; Sham, L.J. Self-consistent equations including exchange and correlation effects. Phys. Rev. 1965, 140,
A1133.

[5] Kresse, G.; Furthmiller, J. Efficient iterative schemes for ab initio total-energy calculations using a plane-wave basis
set. Phys. Rev. B 1996, 54, 11169.

[6] Perdew, J.P.; Burke, K.; Ernzerhof,M. Generalized gradient approximation made simple. Phys. Rev. Lett. 1996, 77,
3865—3868.




YTu

Department of Physics

Deep Sky Imaging: Stacking more than 6000 images of Orion Nebula

Cem Deren Bilgili

Advisor: Asst. Prof. Murat HUDAVERDI

FEN EDEBiYAT
FAKULTESI

Scan for more details about the image.
Alternatively, you can use the link below
or search for "Orion Nebula: Stacking
more than 6000 images" on YouTube to
access my video.

https://youtu.be/vm7j81Bwuy0

The invention of photography has pushed the frontier of our exploration of the universe one step further. We can now detect objects invisible to the human eye with optical instruments. But what would you expect to get if you
decided to stack 6304 short exposures taken with your unmodified DSLR without an equatorial mount in an area with extreme light pollution? Would stacking this large number of images be enough to compensate for your
technical limitations and unfavorable observing conditions? In this paper, | seek to answer these questions through my own experimental data.

Taking a picture with your smartphone involves a specific amount of time for the camera sensor to gather the incoming light. In low-light conditions, such as at night, the exposure time must be extended to collect enough signal. This is the reason why
your night photos are often not clear even if you get the right focus. Since the exposure time is longer, a slight shake during shooting will result in blurred images. The same applies to capturing faint deep sky objects; we need to gather as many signals
as possible. To achieve this, one of the key requirements is to capture longer exposures. Additionally, using a larger lens diameter is also an important factor to consider. However, the Earth's rotation causes all the objects we see in the sky, including
the moon and the sun, to appear in constant motion. So, there is a limit to the maximum exposure time we can use before everything gets blurred. For longer focal lengths, the exposure time needs to be shorter. The solution is to use an equatorial
mount that aligns with the Earth's rotation, keeping the stars stationary for longer exposures. An alternative, though less effective, method is to take a large number of short exposures and stack them, as | have done in this study.

Challenges: Shooting session, stacking subframes and forming
the final image

When taking pictures of the sky, whether for hobby or scientific purposes, it is important to consider the quality of the
seeing conditions. Observations made from low altitudes lack the atmospheric stability found at mountain peaks or in
Earth's orbit. Similarly, observations and shots taken in urban areas are significantly affected by heavy light pollution.
However, narrow-band filters are often used in astrophotography to target specific emission lines from celestial
objects. These filters allow only a narrow range of wavelengths to pass through while blocking out other unwanted
light. By using such filters, astrophotographers can isolate specific wavelengths associated with the emission lines of
interest, effectively reducing the impact of light pollution and enhancing the visibility of astronomical objects.
Common narrow-band filters used in astrophotography include Hydrogen-alpha (Ha), Oxygen Il (Olll), and Sulphur I
(SIl), among others. If, as in my case, you don't have one of these filters or you are unable to access a darker observing
site, the only option is to take a basic step similar to what observatories do. This step involves blocking off all areas of
the sky except for the specific region to be photographed, preventing any unwanted light from entering the camera
sensor and minimizing vibrations caused by air currents.

Regardless of whether short or long exposures are captured, the next step is to stack them. Image stacking is a
technique used in deep sky imaging to improve the signal-to-noise ratio (SNR). It involves combining multiple images
of the same subject, aligning them, and averaging their pixel values. By stacking images, the signal from the desired
object, such as a galaxy, nebula, or star cluster, accumulates while random noise tends to average out. The result is a
final image with a higher SNR, enhanced details, and reduced noise. However, there is a practical limit to the number
of images that can be stacked. As more images are stacked, the SNR generally improves, but there comes a point of
diminishing returns. Eventually, the improvement in SNR becomes minimal, and stacking an excessive number of
images may introduce other artifacts or amplify systematic errors in the data.

6°43,47’

The optimal number of images to stack depends on various factors, including the quality of individual exposures, the
level of noise, the characteristics of the subject being photographed, and the specific equipment and techniques used.

In the scenario where we do not have an equatorial mount and therefore stack a lot of short exposures, we also have to
consider read noise. "Read noise" refers to the inherent noise introduced during the process of reading the signal from
the camera sensor. It is a characteristic of the camera's electronics and can vary between different camera models. In
astrophotography, read noise is one of the sources of noise that contributes to the overall noise in the image. When
stacking multiple images, the read noise in each frame also gets stacked. As a result, the impact of read noise on the SNR
becomes more significant as the number of stacked images increases. When it comes to image stacking, the goal is to
improve the SNR by accumulating the signal while reducing random noise. However, read noise adds a constant noise
component that cannot be reduced through stacking. As long as the signal from a faint detail of the target remains lower
than the read noise, no matter how many short exposures you stack, that detail will become indistinguishable from the
background and cannot be detected by the sensor. The shorter the exposure, the lower the signal level captured, making
it more challenging to capture faint or dim astronomical objects.

After stacking our images with any image stacking software, which combines and aligns multiple exposures of the same
subject, we obtain a single linear image. These linear images represent the raw or minimally processed data captured by
the camera, often exhibiting low contrast and appearing dark or lacking in details. To reveal the hidden details and
enhance the visual appearance, a process called stretching is applied. Stretching is the manipulation of the image
histogram to expand the range of pixel values, effectively enhancing the overall contrast and revealing finer details. The
primary goal of stretching is to make the image visually appealing while preserving the integrity of the data. The
stretching process involves adjusting the brightness and contrast of the image. Typically, it is done by mapping the
original pixel values to a new range of values using various methods like histogram equalization, curves adjustments, or
non-linear transformations. This mapping allows for a more balanced representation of the image, bringing out both the
faint and bright features. Overall, stretching plays a crucial role in astrophotography to reveal the hidden details and
enhance the visual impact of the images, allowing for a more immersive and captivating representation of the celestial
objects captured.

Results and final thoughts

Stacked and processed image
4 hours 22 minutes 40 seconds of data (2,5 seconds x 6304 frames)
image scale: 4,4” /pixel

References / Credits
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In conclusion, based on my personal observations, after
stacking around 4000-5000 short exposures, there may not
be significant improvement, indicating that the produced
image is close to the best achievable result under the
current limitations. However, as pointed out in the study,
there are some crucial conditions to consider for improving
deep sky imaging, such as:

e Capturing images in darker areas and using narrow-band
filters to enhance specific wavelengths of light while
suppressing unwanted parts.

* Increasing the exposure time and utilizing a larger lens
diameter to capture signals emitted by even the faintest
details.

* Utilizing a lens with a longer focal length and a higher
resolution camera to acquire sharper and more detailed
images, especially for objects with small angular sizes.

4°29,72’

Starless version of the processed image

6304 frames, linear image

Signal

£

Signal & noise with increasing exposure time

A single exposure of 2,5 seconds
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ABSTRACT

In this study, information about betavoltaic batteries 1s given. The historical development and application areas of betavoltaic batteries, which can meet the increasing energy needs with great
efficiency, are mentioned. It has been seen that there are advantages as well as disadvantages of using betavoltaic batteries.

INTRODUCTION

Today, energy demands are continuously increasing, and the demand for environmentally friendly, sustainable
energy sources 1s growing rapidly. In pursuit of meeting this demand, the search for innovative energy
generation technologies has gained momentum. In this context, betavoltaic batteries have emerged as an
environmentally friendly power source worth considering.

Betavoltaic batteries are a type of battery system that operates based on radioactive decay. They capture the high
-energy beta particles emitted and convert them into electrical energy. Betavoltaic batteries require the use of
nuclear radioisotopes, with commonly used beta emitters being trittum or radium-226.

Tritium: A radioactive isotope of hydrogen, symbol T, atomic weight 3.
Radium is an element that decomposes water in the cold and has a very strong radiation activity.

Betavoltaic nuclear batteries, which operate based on the principle of generating electricity by irradiating
semiconductor junctions with beta particles, particularly through p-n or p-i-n junctions with different
conductivity types, hold great promise for current technological applications.

HISTORICAL DEVELOPMENT

The study of the betavoltaic effect dates back to 1953. Paul Rappaport developed a betavoltaic device using a
90Sr-90Y radioactive source and achieved an efficiency of 0.2%. Rappaport and his colleagues at RCA studied
radiation damage and electron voltaic effect in semiconductors with the isotopes 90Sr, 90Y and 147Pm.
Between 1968 and 1974, researchers led by Larry Olsen did extensive work at the Donald W. Douglas
Laboratories for betavoltaic energy conversion. The betavoltaic batteries they developed were licensed to
Betacel pacemakers and implanted as pacemakers in more than 100 patients. While the efficiency of the Betacel
battery reached 4%, its life span exceeded 10 years. However, due to its high cost and radiation concerns, the
pacemaker market was subsequently flooded with lithium batteries. Despite the stigma surrounding earlier work,
numerous research groups continued their attempts to commercialize a safe and reliable betavoltaic battery. After
that, Dr. Olsen published a betavoltaic review that suggested Tritium 1s a safe, reliable and abundant alternative
to other radioisotopes. Independently, City Labs also concluded that Tritium would serve as an excellent
candidate for use in a betavoltaic battery design. This result was caused by Tritium's use in the public domain in
Exit signs for school buildings and theaters, wrist watches, and light gun/rifle sights.

Research on betavoltaic batteries progressed slowly until 2006, but the following years saw the development of
many new betavoltaic batteries from several manufacturers such as Qynergy, City Labs and Widetronix. City
Labs' Nano-TritiumTM battery received the betavoltaic industry's first and only Public License to meet nuclear
regulations in 2010, meaning it can be purchased by any user.
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APPLICATIONS

The application areas of betavoltaic batteries include medical devices, space applications, remote power
applications, micro-electromagnetic systems, military applications, unmanned aerial vehicles, as well as the
following application areas:

. In hard-to-reach regions like polar and high mountainous areas on a periodic basis.
. In sensor networks used for environmental monitoring.
. In embedded sensors found in bridges and concrete wall structures.
. In hybrid battery systems for trickle charging chemical batteries and supercapacitors.
. In the active monitoring of ultra-low power sensors for extended periods of time.
. In continuous monitoring of temperature, pressure, and vibration movements.
. As atriggering mechanism for waking up and providing the initial power burst for high-power systems using
wireless signal transmission.
In oil and mining exploration activities.

Betavoltaic batteries have a wide range of application potential, and new areas of use continue to develop in this
field.

PRINCIPLE OF BETAVOLTAIC BATTERY

The working mechanism of betavoltaics is very similar to the working mechanism of photovoltaics. Solar cells
absorb photons from the sun to generate current, but betavoltaic cells generate current by using the energy of
beta electrons from radionuclides to generate current. Also, each photon from the sun creates an electron-hole
pair in a semiconductor, while in betavoltaics, each beta particle emitted by a radioactive source can produce
hundreds or even thousands of electron-hole pairs. In a betavoltaic battery, electric current is produced by the
kinetic energies of beta particles interacting with the semiconductor. Some of the kinetic energy is used to
generate current, while some is lost in the lattice of the semiconductor. Therefore, it is an important detail in
which part of the material these electronhole pairs are formed. The electron-hole pairs formed in the electric
field in the junction region of the p and n-type semiconductor, called the depletion region, are the most
contributing factors to the current in the betavoltaic converter. Betavoltaic batteries are based on the principle
of generating current by driving the electron-hole pairs (EHP) formed between the layers of the semiconductor
p —n or p—1—n junctions exposed to radioactive irradiation in the direction of the electric field between the
layers. As a result of irradiation, the n region is negatively charged and the p region is positively charged. Due
to the potential difference on the p — n junction, the electrons leave their place and form on the charge
resistance. The semiconductor p-n junction converts a small number of high-energy beta particles entering it
into a large number of low-energy electron current.

As a result, the energy of beta particles emitted from the radionuclide and the properties of the semiconductor
material used should be compatible with each other. Holes and electrons formed in the semiconductor are
accelerated towards the collectors by the electric field in the depletion region, and these separated electron-
hole pairs contribute to the current produced. On the other hand, in the selection of the radionuclide used in
betavoltaic batteries, a safe and pure beta-emitting radioactive source that will not harm human health should
be used. Although H-3 and Ni-63 are the most widely used radioisotopes for betavoltaic battery studies due to
their energies and compatibility, S-35, Kr-85, Y-90 and Pm-147 are other alternative radioisotopes of interest.
When choosing a suitable radioactive source, a source should be chosen that has an energy that will not only
harm human health, but also the internal structure of the semiconductor material. Wide-bandgap
semiconductors such as SiC, GaN, GaP, GaAs and AlGaAs are resistant to radiation damage and contribute to
advances in this field.

ADVANTAGES

1. Continuous Power Generation: Betavoltaic bat-
teries can continuously generate electricity using
the energy derived from radioactive decay. This
makes them a long-lasting power source.

2. Low Maintenance Requirement: Betavoltaic

DISADVANTAGES

1. Use of Radioactive Materials: Betavoltaic batte-
ries contain radioactive materials, which necessitates
special safety precautions. This can limit their use
and require additional regulations for industrial appli-
cations.

2. Limited Power Output: Betavoltaic batteries typi-
cally have low power output. This can restrict their
use in high-power-demand applications.

3. Limited Lifespan: The lifespan of betavoltaic bat-
teries 1s dependent on the half-life of the radioactive
isotope. Once the isotope reaches its half-life, the ef-
ficiency of the battery decreases, and replacement is
required.

4. Cost: The production and operation of betavoltaic
batteries can be more expensive compared to other
energy sources. This can limit their commercial via-
bility.

batteries do not contain moving parts, which me-
ans they require minimal maintenance. This ma-
kes them a cost-effective option.

3. High Energy Density: Betavoltaic batteries have
a high energy density in small sizes. This allows
for their use in compact and portable devices.

4. Environmentally Friendly: Betavoltaic batteries

are an environmentally friendly energy source.

CONCLUSION

Studies on betavoltaic batteries have received special attention from the academic community. The future
development trend of radioisotope batteries will primarily focus on four aspects: improved safety and stability,
higher conversion efficiency and power matching, micro-nano integration and module assembly of the battery
structure, and production and preparation of radioisotope battery fuel. Studies on betavoltaic batteries have
received special attention from the academic community. The future development trend of radioisotope
batteries will primarily focus on four aspects: improved safety and stability, higher conversion efficiency and
power matching, micro-nano integration and module assembly of the battery structure, and production and
preparation of radioisotope battery fuel..
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