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Abstract

The energy spectra of Hamiltonian of a single electron confined in a parabolic quantumdot, in
the presence of Rashba spin orbit interaction term effect, applied uniform magnetic field and
topological defect had been reproduced in a closed form. The quantum dot energy spectra are
used to compute the statistical mean energy and from which we obtain the thermodynamic and
magnetic quantities, namely: heat capacity, magnetization and magnetic susceptibility. We
show their dependences on the Hamiltonian physical parameters. The magnetic phase diagrams
of the quantum dot material are shown as function of temperature, Rashba parameter and

magnetic field.

The results reveal that the magnetic field, temperature, confining frequency, in addition to
Rashba and topological effects significantly affect the thermo-magnetic properties of the

Quantum dot.

The computed results show that quantum dot material changes its magnetic type from
diamagnetic to paramagnetic as demonstrated in the magnetic phase diagrams contour plots.
Furthermore, the behavior of the heat capacity of the QD is shown as a function of QD-

Hamiltonian physical parameters.

Our computed results are tested against the corresponding theoretical reported ones.
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Chapter one

Introduction

Technological developments are continually progressing to become smaller, faster and more
accurate. So, nanoscience has become a rich science of research to study the different properties

and features of various types of materials in this scale.
1.1 Nanomaterials:

Nano-technology is observed in materials and structures having dimensions in the billionth of a

meter (in the range of 10 to 200 Angstroms).
Nanomaterial’s are classified into four types according to the number of
dimensions that electron can move freely without confinement in the material [1]:

1. Bulk material: An electron moves freely in all dimensions (3D).

2. Quantum well material (QW): Electrons move freely in two dimensions but are confined
in the third dimension.

3. Quantum Well Wire material (QWW): Electrons can move inside the material

freely in one dimension, while motion is quantized in the other 2-dimensions.

4. Quantum dot material (QD): The electron cannot move freely and is confined in all three

dimensions [2-3].
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Because we can control the direction of the electron’ movement, this affects greatly energy spectra

and density of state (DOS) as shown in Figure (1.1):

Bulk ,
Ouantum Well Quanmum Wire Quantum Dot

A )

. v N . A A

& o 7 \ \ o

2 il & = i =

v -~ i 7 |\ 7

< = z ||\ \ z
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e — >
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Figure (1.1): DOS vs. Energy for bulk material, quantum well, quantum wire and quantum dot [4].

QDs or artificial atoms are nanoscale systems that can contain few electrons, and its length scale

varies from 2 to 10 nanometers [5-6].

The shape and size of the QD can be also experimentally tuned over a wide range leading to a
system with controllable physical properties. Heterostructure QDs fabricated as two or more
semiconductor layers with negative voltage applied to the metal electrodes leading to carrier’s

confinement in all three spatial dimensions [7-9].

The developments in nanofabrication methods make the confinement of the finite number of

electrons in a localized three-dimensional space in a nano-dimension also possible [10].



1.2 Applications of QD:

Semiconductor nanostructures QDs have become very hot research subject due to their potential
device applications such as: QD laser, quantum computation, QD solar cell, biological, and

medical application like the image cancer treatment [11-13].

The spin-orbit coupling effect in semiconductor QD system is very important as it plays an
essential role in controlling the properties of the QD which makes the QD excellent basis in the
new growing field of device technology, called spintronics. The QD-spin transistor is considered

to be an important electronic device in the area of spintronics.

The spin orbit interaction (SOI) term is, particularly, very interesting because it controls direction
of the carriers in nanomaterials which form new type of devices called spintronics. The SOI
coupling, which arises due to structural inversion symmetry in nanostructures, is defined as the
interaction between the spin of a confined electron in the nanomaterial and the magnetic field
induced by the heterostructure local electric field due to the potential variation at the interface of

GaAs/AlGaAs material.

The strength of this term can be manipulated experimentally by an external gate voltage or
equivalently an applied external electric field through the contact gate with the heterostructure

materials as shown in Figure (1.2) [14].
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Figure (1.2): Rashba Spin Orbit interaction in Spintronics devices [14].
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Single and double quantum dots fabricated from GaAs/AlGaAs heterostructure material are shown

schematically in Figure (1.3a, b and c).

a) gate

depleted
region

Ohmic
contact

AlGaAs
2DEG

GaAs

203-nm

Figure 1.3(a, b and c): Schematic representation of GaAs/AlGaAs quantum dots [15].



1.3 Rashba effect:

The addition of a magnetic field and Rashba term makes the QD_Hamiltonian function very

interesting research problem in the field of nanoscience and nanotechnology.

The strength of this Rashba term can be manipulated experimentally by an external gate voltage
or equivalently an applied external electric field through the contact gate with the heterostructure
materials. The phenomena of Rashba effect helps us to control the electron spin direction and thus

to design the QD as a non-magnetic source/drain spintronic device.

The ferromagnetic source and ferromagnetic drain are necessary requirements for functioning the
Datta-Das transistor. The production of this device is still challenging due to the problems with
efficient spin injection from ferromagnetic source and drain. The Rashba SOI, plays an important

role and gives us new operational principle for designing the QD as a transistor.



1.4 Literature Review:

Different authors had, recently, studied the thermodynamic and magnetic properties of QD systems
in the presence of a magnetic field [16-17]. The combined effects of pressure, topological factor
and the spin-orbit interaction on the QD energy spectra had also been considered [18-19].
Chatterjee et al, studied the magnetization and susceptibility for two electrons in a QD in the
presence of electron-electron interaction and SOI [20]. Avetisyan et al. investigated the interaction

between three and four electrons under effect of magnetic field and spin orbit interaction [21].

Xun Wang et.al. had presented the effect of quantum confinement on the electronic properties of

the QD and QWW nano structure materials [22].

Elsaid et al had used exact diagonalization, variational and 1/N expansion methods to investigate
the thermodynamic, electronic and magnetic properties of a single and coupled QDs [23-31].
Chatterjee and Boyacioglu studied the susceptibility of QD with Gaussian confinement [32], while

Tapash and Pietilainen considered an electron confined in QD with Rashba coupling effect [33].



1.5 Research objectives:

In this thesis, we will study in details the effect of spin-orbit interaction term on properties of the
QD. We consider a single electron QD confined in two dimensions in the presence of a magnetic
field, in addition to the spin-orbit interaction term, to reproduce the complete attainable energy
spectra of the corresponding solvable QD-Hamiltonian system. The obtained energies will enable
us to investigate the variation of energy levels, magnetic and thermal properties of the zero-

dimensional semiconductor QD systems with the Rashba term.

There are two main aims of this research that can be summarized as follows:

1. To reproduce the eigenenergy spectra of the solvable QD Hamiltonian with both magnetic field
and Rashba spin orbit interaction term and obtain the energy spectra expression in terms of the QD

parameters.

2. To calculate the thermal and magnetic properties of the QD and show their behaviors as

functions of the Rashba term parameter.
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Chapter Two

Theory of Quantum Dot Hamiltonian

2.1 The Hamiltonian theory of a single electron QD:
The Hamiltonian of an electron confined in QD by a potential , V.(r), and under the effect of an

applied uniform magnetic field and spin-orbit interaction term can be given as:

1
2mx

H=——[P+2412+ V(r) +Hy . (2.1)

o
where P refers to the electron momentum operator.

A is the vector potential which is related to the magnetic field B as

—

B=VxA4. .. (2.2)
The vector potential is chosen to be in the symmetric gauge as

A= 2(y %0 ... (2.3)
B is assumed to be uniform and normal to the QD plane along the z- axis.
e is the elementary charge,

c is the speed of light,
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Finally, V.(r) is the confining potential, modeled as a parabolic type like,
V.(r)= Zim*oo% r?, .. (2.4)
where, w is the strength of the confinement potential frequency,

7 is the position vector of an electron in the QD and its equal (x? + yz)%,
m” is the electron effective mass of the material of GaAs QDs,
The spin-orbit interaction Hamiltonian can be presented as:
Hg = ago. [V (r) x (B —< Ay .. (2.5)
where: Hp, is the Rashba term,
ag is the Rashba parameter strength of SOI,
o are the Pauli matrices, {0y , 0, },

h is Plank’s constant.
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2.2 Topological Effect:

The surface of the quantum dot has a topological defect described as in Figure (2.1) in polar

coordinates (p , ¢) by the metric [34]:

di? = dp? + p%de? ...(2.6)

Fig. (2.1): Topological defect described in polar coordinates [34].
where, p= a lr .. 2.7
@ =ab ... (2.8)
then the metric becomes,
dl? = a™%dr? + r?d6? ...(2.9)

while « is a kink parameter and it control the cut off, whereas 0 < @ < 1, if @ = 1 means that

there is no effect of topological defect.
with ¢ belongsto 0 < ¢ < 2 ,and 0 < 6 < 2w .

2.3 Statistical average energy:

The total quantum dot Hamiltonian, H, can be reduced to a solvable harmonic oscillator
Hamiltonian with analytical energy spectra expression. The eigenenergy spectra is defined, in

terms of the quantum numbers (n,1) and other physical parameters [34], as:
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2
Enis(@o, e, v,p) = A22n + pll| + 1) +E-fel
+(ym*we?l +2g'ha,) s .. (2.10)

Where (1 is the effective frequency and defined as:

0% = (1+ sy ™2) wo? + (“’;”)2 . (211)
we = nfi .. (2.12)

w. denotes the cyclotron frequency,

s is the spin of the electron,

y is the Rashba spin orbit parameter,

p is the topological parameter and it equal the inverse of kink parameter (a™?),

n is the radial quantum number,

[ is the angular quantum number,

g” is the effective Lande factor.

The obtained eigen energies of the QDs will be used as input essential data to calculate the

statistical average energy,
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i —Eq/KgT
E:z=1 Eq e al B
Zfz=1 e_Ea/KﬁT

< Epys(wo, 0 ,7,p) > = .. (2.13)

The summation (a) is taken over the energy levels (n and [) of the QD. We will use the computer

program to calculate this summation for different ranges of temperature and confining potential.

2.4 The magnetic and thermal quantities for GaAs QDs:

Having computed the average energy, all the thermal and magnetic quantities of the QD can be

obtained, using the common statistical expression given in the statistical physics books.

2.4.1 The magnetization and magnetic susceptibility:

Magnetization is a description of how magnetic materials affected with the magnetic field, and it

is the first derivative of the statistical energy of the QD [28]:

M — a<En.l,s(¢;(;wc .YJ—’)> . (2 1 4)

Magnetic Susceptibility indicates whether the material is attracted to (3 > 0) paramagnetic or
repulsive of (y < 0) diamagnetic the magnetic field. x can be calculated from M using the

following relation [35]:

oM
X=% .. (2.15)
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2.4.2 The Heat capacity:

Heat Capacity is defined as the amount of heat that is needed to raise the material’s temperature

by (1°C) one degree, and it’s the derivative of the average energy with respect to temperature [36]:

CV — 2 <En.l,s(‘;;:“)c Y.p)> s % (2] 6)

The dependence of the thermal and magnetic variables will be investigated as functions of
confinement strength, magnetic field cyclotron frequency, Rashba term, topological factor and
temperature. In addition, the phase diagram for the magnetic susceptibility will be plotted as
function of the physical parameters to show the magnetic transition of the GaAs from diamagnetic

to paramagnetic.
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Chapter Three

Results and discussions

In this chapter we discuss the obtained results for the energy spectra of an electron confined in a

parabolic QD in presence of RSOI term, topological effect and an applied uniform magnetic field.

We study the physical properties of the GaAs QDs material by computing the: Statistical energy,

magnetization, susceptibility and heat capacity.

For GaAs QD, we used the following physical parameters:
Effective electron mass: m* = 0.067me.

Effective Lande factor: g* = — 0.44

Effective Rydberg energy: R*= 5.694 meV

Effective Bohr radius: a* = 9.8 nm

Rashba parameter y ( 1 a*. R*=55.8 meV.nm )

Magnetic field wc (wc (R*) = 0.296X(B in Tesla (T))
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3.1 Quantum dot spectra and statistical energy:

In this section, we study the effect of RSOI and topological parameters on the energy states for

the GaAs QD.

In Fig. (3.1), we have used equation (2.10) to plot the QD Fock-Darwin states as a function of a
magnetic field strength for p =1, wo =2.5 R* and zero Rashba parameter y=0 a*. R*. The energy

spectra show a similar behavior with the corresponding ones given by Ref. [37].

The following table (3.1) shows the states labels at w. =1R* from the bottom:

Table (3.1): Labeled the Fock-Darwin energy states plotted in Fig. (3.1).

10,0, +> 10,0,->
10,-1,+> 10,-1,->
bl 05 hehs El05 1 -
110,-2,+> 110,-2,->
11,0,+> S0
{,lpe2'+> IO!Z">
W s ety s>
‘,Il!l'+> ,Il',l!">
G252 1152, 5>

|1121+> |112)'>
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10- n s 2 L 1 ' ' L L 1 s L : . I . L s s !
0

w.(R’)
Fig (3.1): The Fock-Darwin energy spectrum at wo =2.5 R*, p =1 and y =0 a*. R*.
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Fig. (3.2) shows the energy spectra as function of the magnetic field strength wc in presence of
RSOI effect on the ground state (n=0) for [ =-1(Fig. 3.2a), [ =0 (Fig3.2b) and [ = 1(Fig 3.2¢) and

topological parameter p =1.

for [ =0 and 1, energy values for the spin up (T) with y effect, increases at fixed wc, but in spin
down ({) it decreases. However; for state with negative angular momentum [ = -1, the energy
values behave in opposite manner for w. < 3.8 R*.

This energy behavior is clear from energy expression given by equation (2.10), because the second

2
term (-pz— hw,l) includes [ which controls the sign more than other terms.

45 S NS ——— — :
a) — y=0a*R,1T
40+ -——y=0a*R"! E
~ . 4
- — —y=07a*R*,1
~
- X ——y=07c*R" !
s 1 Ve ]
£ .
e ~
= ~ J
wi -

30 > o

w.(R")
Fig. (3.2): The energy for n =0 vs w. with p =1, wo=2.5R* ata)l=-1,b) [ =0and ¢) [ =1.
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30 T T T
b) —___y=0a"R", T
,——— = 0a*.R*, 1
| — —y= 07a".R*,1
25} — —y= 0.7a*.R",! -
20+
15z = —
10 1 1 1
0 1 2 4 5
-
we(R")
80 T T T
) ]
70l [— y=o0a~&.1 L]
-—— y=0a".R"! e &
— —y= 0.7a*.R",1 -
-z

60| — —»y= 0.7a".R", !

w(R*)
Fig. (3.2): The energy for n =0 vs w with p =1, wo=2.5R*ata) [ =-1,b) [ =0and ¢) [ =1.
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The behavior of the energy spectra is mainly due to the effect of RSOI, p=1. The term affects

directly the effective frequency () and spin Zeeman terms in equation (2.10).

In this case, the RSOI lowers the effective frequency for the spin down (1) and increases the
frequency for spin up (7). In addition, it increases or decreases the energy for positive I (+1) and

negative [ (-1), respectively.
These two factors modify the energy of the electron confined in a quantum dot

So, the amount of energy for the confined electron is decreased and energy are splitting to sub

level in presence of the magnetic field.

The opposite results are observed for | =-1 because of the negative sign (-), which comes from
the angular quantum number in equation (2.10). These results are in agreement with Bychkov in

Ref. [33].
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However , when studying the effect of topological defect (p) we observe that energy state

increases at constant wc for spin up and down as shown in Figures [(3.3a at l=-1,3.3b atl=0

and 3.3¢ at [= 1)] with y = 0 a*. R*.

For [= 0 and 1, the energy level increases as w. increases, while the energy decreases for the case
of [=-1 at wc= 3R* and then increases, because of confining the electron in a small region which
leads to an enhancement in the momentum by uncertainty principle [38] and eventually the

energy of the electron increases.

40 T T T T T v T T v T T T T T T T T T T T

———pi= 1.5, T

—-—p=15,1

200 e
0

we(R")

Fig. (3.3): The energy for n=0 vs w with y = 0 a*. R*, wo= 2.5 R* at a) [=-1, b) l=0 and ¢) [=1.
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30 T T .
7
P
b) -
.-,.
e
26 | ——p=11 ol
siz p=1 4
——p=15T1
—-—p=15,1
20+
15 faeme
10 . A : .
0 1 2 3 4 5
w:(R")
100 T T T T —
- ) ./.~’ ",o"j
90" ‘,,. ¢" -:
[| —p=1,T L &
L K ,"
c——p=11 P .
80 ! ! S ]
—-=p= 1.5 1 A,"/‘."
[ —-—p=151 ,"/ ,"“
70- . .

22

we(R")
Fig. (3.3): The energy for n=0 vs w. withy = 0 a*. R*, wo= 2.5 R* at a) I=-1, b) [=0 and ¢) [=1.
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The first and important step in our work is to ensure convergency of the average statistical
energy of the QD. We plot the statistical energy using equation (2.10) as function of number

of basis for various temperature T=10K, T=30K and T=100K.

Fig. (3.4) shows the average energy < E > calculated by taking quite large number of basis:
1 (-7-7) and n (0-5). For low temperature range (T=10 and 30 K), a small number of basis
is needed, however, a large number of basis is needed (~#60) for temperature T=100 K. The

number of choices #60 is good choices, as indicate by the vertical line shown in the Figure.

T T
24+
22}
.. ...,'.,....."...'...000'000..outv.oonoo'-toobnioOtvl'Doocobvooneoo000-000‘
oo <
.. o’ T=70K
.. Pt eRePPR RN COCRRSIDOR OOODE 0oL COPOOOCEIROTOIE ORI OPRRO OO0 ODLRD eoeen oo
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To investigate the effects of external parameters like Rashba and topological defect, we have

plotted in Fig(3.5) the < E > against wc for we=2.5 R* and T=5K , and various selected values of

Rashba parameter y = 0a*. R*and y = 0.7 a*. R*, and topological p values p =1 and p =1.5.

The energy spectra show an enhancement for topological factor effect while the Rashba terms

lowers the energy spectra, as we explained previously.

In figure (3.5), if we exclude the effect of y and p (y = 0a*. R*, p =1); we find the inflection

point at w.=~ 0.8 R*.

When we apply the RSOl it is appearing at wc > 0.5 R*, and the energy decreases with
increasing wc. However, the p effect appears at the same point (wc = 0.5 R*) but the energy

increases with increasing we.

If we apply RSOl and p , the effect of y is higher than p until wc = 3.2R* that the energy decreases.

However, for wc = 3.2 R* the p effect is higher than y and the energy increases.
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In Fig. (3.6a and b), we have displayed the dependence of the average energy < E > on the
temperature (T) taking into consideration the effects of Rashba and topological effects. We found
in Fig. (3.6a) that the Rashba term decreases the energy as we expect. However, in Fig. (3.6b), the

topological effects appear only for low (T<100K) and high temperature (T>200K).
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Fig (3.6): < E > vs T with wc =3R*, wo= 2.5 R* and in state a) p=1 and b) p=1.5.
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To demonstrate the effect of topological defect, we have plotted in Fig. (3.7a and b) again the

energy spectra for fixed values of Rashba value, while varying the topological effect: p=1 and 1.5.

Fig. (3.7a) shows small enhancement the energy of the QD as we switch p-parameter from p = 1

to p = 1.5 and for zero Rashba effect.

For Fig. (3.7b), the case simultaneous of Rashba and topological effects, the topological defect has

signification energy enhancement only for high temperature range, T > 150K, and small effect for

low Temperature range, T < 150K.
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Fig (3.7): < E > vs T with we =3R*, wo= 2.5 R* and in state a) y = 0 a*. R* and b) y = 0.7 a*. R*.
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3.2 Magnetic properties: Magnetization (M) and susceptibility (x)

In this section, we discuss the computed results for magnetization and susceptibility, for all

statistical energy figures shown in the previous section.

The variation of magnetization as a function of w, for different cases of p and y is shown in Fig.

(3.8). When M has negative sign for the derivative of < E > with respect to w,, at p=1 and

y =0 a*. R* we see the M increases until w.= 0.8 R* and decreases, while for p=1.5 its decreases
after w.=0.8 R*, but at y = 0.7 a*. R* M decreases with increasing w., however, when p=1.5 it

decreases faster than that at p=1.
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Fig (3.8): The M vs w. with we= 2.5 R* and T=5K.
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The combination of Rashba and topological effect on the magnetization of the quantum dot is

investigated. In Fig. (3.9a and b), we have displayed the magnetization (M) against the temperature

(T) for various y=0,0.7 a*.R* and p =1 and 1.5.

For p=lin Fig. (3.9a) M decreases for T< 60K and then starts increasing, and it shows that the
Rashba term reduces the magnetization. However, at T > 250K M is positive and y = 0.7 a*. R* is
higher than y = 0 a*. R*. For p=1.5 the magnetization (M) in Fig. (3.9b) decreases for T< 80K and

then increases. The magnetization (M) is lower for y = 0.7 a*. R* case and different values of p,

p=landp=1.5.
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Fig. (3.9): M vs T with wc =3R*, wo= 2.5 R* and in state a) p=1 and b) p=1.5.
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The simultaneous of p and y are considered. We have shown the topological effect (p) in the

magnetization (M) of the QD is shown in Fig. (3.10) for absence (y = 0) and presence the Rashba

term (y = 0.7 a*. R*). The Figures clearly show the significant influence of the topological defect

on the M in presence of ¥ term.
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Fig (3.10): M vs T with w. =3R*, wo= 2.5 R* and in state a) y =0 a*. R* and b) y = 0.7 a*. R*.
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The variation of the susceptibility as a function of w, for various values of p and y is shown in

Fig. (3.11). Where x is the derivative of < E > with respect to M .
We can see from the figure that at p=1 and y = 0 a*. R*, the magnetic susceptibility is positive

(x > 0) until w.= 0.8 R* and then it changes to negative (x < 0). This sign flipping in x means the
pping

material can change from diamagnetic to paramagnetic. For p=1.5,  is negative for all w, range,

with Rashba coupling (y = 0.7 a*. R*) the material is diamagnetic.
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Fig. (3.11): x vs wc with we= 2.5 R* and T=5K.
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Fig. (3.12a and b) show the effect of topological factor (p), on the magnetic susceptibility of the

QD made from GaAs/AlGaAs material, with and without Rashba coupling effect.

For example, in Fig. (3.12a), the plot clearly shows the great change in the behavior of the X curves
due to the Rashba coupling (y =0 and 0.7 a*. R*) and for no p effect (p = 1). Fig. (3.12b) shows
the behavior of X curves for simultaneous impact of p and y. This is consistent with the overall

format in Ref. [39].
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The topological effect on thermal energy is shown in Fig. (3.13a with y = 0 a*. R* and 3.13b with

y = 0.7 a*.R*). In this case the temperature is another important factor that controls the magnetic

type of the QD material. For Fig. (3.13a) the ¥ is negative.

While in Fig. (3.13b),

p=1, y = 0.7 a*.R* and T=150K the material type is changed from

diamagnetic to paramagnetic as X changes the sign from negative to positive.
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Fig (3.13): x vs T with w. =3R*, we= 2.5 R* and in state a) y = 0 a*.R* and b) y = 0.7 a*. R*.
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3.3 Thermal properties: Heat capacity (C,)

In this section, we discuss the obtained results for the heat capacity for the QD as function of

various Hamiltonian physical parameters wc, p, y and T.

The variation of C;, as a function of w, for different cases of p and y is shown in Fig (3.14). At

y =0 a*. R* no effect of p for C,, is observed, the heat capacity increases until w,=1.4 R* and then
decreases. The peak of C, curve is found to be at w.=0.4 R* for y = 0.7 a*.R* and p = 1. The p
factor reduces the peak in the C, due to the enhancement in the QD. That Corresponds to the

behavior of C,, in Ref. [34].
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Fig (3.14): The C,, vs wc with we= 2.5 R*and T=5K.
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The effect of Rashba parameter is shown in Fig. (3.15a and b) on the C, curve of the QD for

p =1 and 1.5. For both cases, the Rashba parameter enhances the C,, curve of the QD.
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In Fig. (3.16a and b), we demonstrate the influence of the impact factor p on the behavior of the

C, curve in the absence and presence of Rashba effect.

In Fig. (3.16a), we can observe the shift of the wide peak of the heat capacity, towards a higher

temperature, as we increase from p =1 to p = 1.5, and in the absence of Rashba effect (y = 0).

However, for y = 0.7 a*. R* case, Fig. (3.16b) shows a great reduction in the height of the peak

curve as p increases from p =1 to p = 1.5. In addition, the Schottky transition peak disappeared.
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3.4 Magnetic phase transition:

In this section, we search for the magnetic phase diagrams of the GaAs nanomaterial for a wide
range of QD physical parameters. To achieve our objective, we present a contour-plot (Figures

3.17 to 3.20) for the magnetic susceptibility of the QD as function of the QD-physical parameters.

Figure (3.17) shows the phase transition obtained by equation (2.15), without any external affect.
The obtained contour plot is in a very good agreement with the corresponding one given by R efs.

[32,34].

12+

10/

T(K)

0|, o=t i e e et 0 i
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

-
we(R")
Fig. (3.17): Magnetic phase diagram of GaAs QD as a function of the temperature and magnetic field
with wp= 6.3R*, p=1 and y = 0 a*.R*.
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Figures (3.18) to (3.20) show clearly the contour plot of quantum dot magnetic susceptibility and
the magnetic phase transition. The golden region stands for the paramagnetic phase (x > 0) while
the blue area for the diamagnetic phase (x < 0) of the quantum dot and for a wide range of the

magnetic field, confinement, temperature, Rashba and topological parameters.
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Figure (3.18): Magnetic phase diagram of GaAs QD as a function of the T and w, with wy=0.5R*
for a) p=1, y = 0a*.R*, b)p=1, y = 0.35a*.R*, c)p=1.2 , y = 0 a*.R* and d) p=1.2 and
¥ = 0.35 a*. R*. The golden region corresponds to the paramagnetic phase (y > 0) whereas the

blue region to the diamagnetic phase (y < 0).
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Figure (3.18): Magnetic phase diagram of GaAs QD as a function of the T and w, with wy=0.5R*
for a) p=1, y = 0a*.R*, b)p=1, y = 0.35a*.R* , c)p=1.2, y = 0 a*.R* and d) p=1.2 and

¥ = 0.35 a*. R*. The golden region corresponds to the paramagnetic phase (x > 0) whereas the

blue region to the diamagnetic phase (x < 0).
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Figure (3.19): Magnetic phase diagram of GaAs QD as a function of the w, and y with

wo =0.5 R* and p=1 for a) T=20 K, b) T =250 K. The golden region corresponds to the

paramagnetic phase ()} > 0) whereas the blue region to the diamagnetic phase (y < 0).
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andy =0 a*. R* for a) T=20 K, b) T=250 K. The golden region corresponds to the paramagnetic

phase (> 0) whereas the blue region to the diamagnetic phase (y < 0).
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Chapter Four

Conclusion and Future work

In this study, the Hamiltonian of a single electron confined in a parabolic quantum dot in the
presence of Rashba spin orbit interaction term effect, applied uniform magnetic field and

topological defect had been reproduced by analytical method.
We have studied the dependence of the energy spectrum for our QD as a function

of: confinement frequency (w,), magnetic field (w.), Rashba (y) and topological parameters (p)

to calculate the energy spectra. Our results are in good agreement with reported works.

Moreover, the statistical energy spectra < E > and the magnetic properties like; Magnetization
(M) and Magnetic susceptibility () were computed as a function of our quantum dot physical
parameters (wg, W, P, ¥, T). It was found that, as we increase the Rashba term (y) the energy
spectra of the QD is significantly decreases, this enhancement in the energy spectra affected greatly

the magnetic properties of the QD like M and .

In addition, we have studied the effect of topological defect on the energy spectra of the QD, our
computed results show that if we increase the topological factor (p), the < E > increases also and

this result affects M and .

The behavior of the magnetic susceptibility i is shown as function of QD parameters values. We
found that the QD material changes its magnetic phase from diamagnetic to paramagnetic type.
These magnetic transition phase diagrams of the QD are shown explicitly in the contour plots.

Furthermore, the thermal properties of the QD has been investigated. We have shown the
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dependence of heat capacity (C,) on y and p. It was found that, as we increase the Rashba Spin
Orbit Interaction parameter (y) and the topological defect (p) ,the heat capacity (C, )is enhanced

for all ranges of the temperature (T).

We are planning in the future to continue our research efforts in investigating the effect of these
parameters on another interesting QD properties like density of state (DOS) and in the field of

Spintronics.
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