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GENERAL DESCRIPTION OF WORK 

Relevance and processing degree of the topic: Modern semiconductors physics primarily 
considered low-dimensional semiconductor system such as nanostructure. The movement of free 
charge carriers is confined one or more directions which create a quantization effect by size in 
the nanostructure. The quantization effect by size fundamentally changes the energy spectrum of 
charge carriers, phonons, and other quasi-particles. One of its important features is that the 
kinetic, optical, thermodynamic properties of nanostructures are changed and their properties are 
controlled by changing the geometric dimensions and configurations of the system's nanoobjects. 
Changes of energy spectrum leads to creating some new physical effects. In technology, most 
importantly, advances in the method of molecular beam epitaxial allow to create a predetermined 
parameter and property structure. In the last decades, there has been great interest in the study of 
spins in low-dimensional systems. It is possible to observe a number of events in quantum well 
nanostructures which are not observed in bulk materials.In recent years, specifications of 
dynamics of the electrons and spin-orbit interaction widely investigate in the semiconductors and 
nanostructures. So, in recent years, due to the study and practical application of new effects 
which are created by the combination of the freedom degrees of charge and spin, dozens of 
related parts of physics, electronics and nanotechnology more precisely spintronics are 
developing intensively. Nowadays, spintronics related on issues which are role of specific 
magnetic moment of solid structures. One of the main effects that attracts the attention of 
researchers is the spin-orbital interaction, which behaves like the effect of a magnetic field. In 
these times, advances in nanoelectronics and information technology have been made possible 
by the use of electron charges and spins. Modern technology allows you to control the movement 
of electrons in various semiconductor structures through the degree of spin freedom. 

The interest in low-dimensional systems is due to the unique physical properties observed in 
them.Thus, unique physical phenomena have been discovered in these systems. For instance, 
integer or half integer quantum Hall effect, Aharonov-Bohm effect in quantum ring, quantization 
of conductivity in quantum wire are of fundamental important aspect for 
spintronics.Nanoelectronic devices based on low-dimensional systems have advantages such as 
compactness, energy saving and speed over microelectronic devices.As the size of the electron 
gas decreases, the increase in the density of its electron states determines the advantage of using 
quantum-sized structures as lasers.Therefore, recently there has been a growing interest in 
experimental and theoretical studies of nanostructures.In addition, the magnetic, transport and 
optical properties of nanostructures have non-trivial curves. 

Quantization by size also influence to events which areassociated with degree of spin 

freedom.The investigation of spin phenomena is not only important from a fundamental point of 

view, but also for the creation of new devices.  



In Spintronics (electronics where are used freedom degree of charges and its spin) special 

moment can use quantum calculations. In this context, researchers are showing great interested 

in low-dimensial systems and semiconductors where adding Mn impurities.It is known that in 

non-relativistic quantum mechanics, electron’s spin does not directly interact with the electric 

field.However, such a relationship can occur as a result of a relativistic effect, primarily due to 

the spin-orbital interaction.In semiconductors, the spin-orbital interaction is most pronounced in 

crystals composed of heavy elements, and increases as the atomic number of the element 

increases.Spin-orbit interactions creates new effects and studying that effects gives us some 

useful information about microscopic parameters which describe energy spectr and geometric 

shapes and dimensions of the structure. 

Object and subject of research:Based onA3B5 və A2B6some nanostructures, such as quantum 
dot, quantum wire, superlattices and their specific heat, magnetic and optical properties  

Purposes and tasks of research:The main purpose of the dissertation is to theoretically study 

the optical and thermodynamic properties of electrons in different nanostructures with different 

confined potentials and to analyze the observed properties by size. 

To achieve this goal, the following issues were solved: 

 Investigation of the heat capacity of electrons in diluted magnetic semiconductor 

quantum dot 

 Specific heat investigation in diluted magnetic semiconductor quantum ring 

 Researching of the magnetic moment of electrons in diluted magnetic semiconductor 

quantum ring 

 Researching of “Aharonov-Bohm paramagnetism” in a quantum ring \ 

 Researching of the magnetic moment of the lattice of non-interacting diluted magnetic 

semiconductor quantum ring 

 Investigation of the sub interband and sub intraband optical absorption in quantum wire 

 Researching of the interband optical absorption in a quantum dot  

 Investigation of the interband optical absorption in the quantum dot superlattice 

Research methods:Various methods of quantum mechanics, mathematical computational 

methods, computational software packages and other computational technologies were used. 

The main provisions of the defense: 



1. Taking into account  effects of Rashba spin-orbit interaction, exchange interaction and 

Zeeman terms on the diluted magnetic semiconductor with Fock-Darwin potensial were 

found the wave function and energy spectrum of electrons.  

 

2. Specific heat of diluted magnetic semiconductor quantum ring were calculated in the 

magnetic fieldby taking into account Rashba spin-orbit interaction, exchange interaction and 

Zeeman terms 

3. Considering effects of exchange interaction and Zeeman terms on the heat capacity of the 

diluted magnetic semiconductor quantum dots with asymmetric potential were calculated. 

4. Dependence of specific heat of the diluted magnetic semiconductor quantum ring at finite 

temperature on the magnetic field and Mn concentration is shown. In a low magnetic field, 

dependence of specific heat with temperature gives a peak-like structure.  

5. The analytical expression for the absorption coefficient of the electromagnetic radiation 

by electrons of a quantum wire with Pöschl-Teller potential. The absorption coefficient has 

been calculated in the first order of the perturbation theory. 

6. The magnetic moment was calculated of non-interacting diluted magnetic semiconductor 
quantum ring systems  by taking into account the exchange effect and Zeeman terms in the 
magnetic field. It has been shown that in the diluted magnetic semiconductor quantum ring, 
the magnetization changes arbitrarily with a slight increase in temperature and begins to 
decrease after reaching its peak. 

7. It has been shown that as the concentration of Mn increases (eg. in quantum rings with 
solid solution Cd1-xMnxTe), the number of “Aharonov-Bohm” compensation points 
decreases, where the temperature is fixed but the magnetization disappears when the 
magnetic flux changes. 

8. An analytical expression for the absorption coefficient of electromagnetic radiation in a Pöschl 
-Teller potential quantum wire was obtained. The absorption coefficient was calculated by the 
first-order excitation theory. 

9. An analytical expression was obtained for the absorption coefficient and the threshold 
frequency of absorption of the direct interband transitions of a quantum dot and a quantum dot 
superlattice in the form of rotation of an ellipse (ellipsoid-shaped). The dependence of the 
intraband absorption of light on the geometric size of the quantum dot and quantum dot 
superlattice system was determined. 

Scientific novelty of the research: 

1. The heat capacity of  diluted magnetic semiconductor quantum dots with asymmetric potential 
was calculated by taking into account the exchange and Zeeman interactions. 



2. The wave function and energy spectrum of electrons in a diluted magnetic semiconductor 
quantum ring with parabolic potential have been calculated. 

3. The specific heat of a  diluted magnetic semiconductor quantum ring was calculated, taking 
into account the  Rashba spin-orbital interaction, the exchange interaction, and the Zeeman term. 

4. The dependence of the specific heat on the magnetic field and the Mn concentration in  finite 
temperature of a diluted magnetic semiconductor quantum ring is calculated. The temperature 
dependence of the specific heat in a low magnetic field has been found to have a peak structure. 

5. We studied the effect of magnetic field, exchange interaction and Rashba spin-orbital 
interaction on the magnetization of a diluted magnetic semiconductor quantum ring.It has been 
shown that the compensation points decrease with increasing Mn concentration.In addition, as 
the amount of manganese increases, the paramagnetic transition of the antiferromagnetic 
properties occur in  diluted magnetic semiconductor quantum ring. 

6. We determined the magnetic moment of a non-interacting diluted magnetic  
semiconductor quantum ring lattice. We have shown that in a diluted magnetic 
semiconductor quantum ring, the magnetization changes sharply with a slight increase in 
temperature and begins to decrease after reaching its peak. We show that the positions of the 
compensation points on the temperature scale (the points where there is no magnetization at 
the stated values of the magnetic field strength) are very sensitive to changes in Mn 
concentrations. 

7. The effect of Rashba spin-orbital interaction, Zeeman term and exchange interaction on 
the magnetization of electrons in  diluted magnetic semiconductor quantum ring was 
determined and the magnetic moment was expressed as a function of the magnetic field for 
strongly decomposed electron gas at final temperature. 

8. An analytical expression for the absorption coefficient of electromagnetic radiation in a 
Pöshle-Teller potential quantum wire was obtained. The absorption coefficient was 
calculated by the first-order excitation theory. The cases of linear and circular polarization 
of light are considered and it is determined that the absorption coefficient is resonant. 

9. An analytical expression was obtained for the absorption coefficient and the threshold 
frequency of absorption of the direct interbad transitions of the quantum dot and the 
quantum dot superlattice in the form of rotation of the ellipse. The dependence of the 
intraband absorption of light and the threshold frequency of absorption on the geometric 
size of the quantum dot and quantum dot superlattice system was determined. 

Theoretical and practical significance of the research: 

In addition, the presence of magnetic ions in heterostructures allows the study of a new spin-

dependent phenomenon on a smaller scale. The results of the study have many applications, such 

as single electron, photon devices, infrared detectors, quantum cascade lasers, spintronics.The 

main results obtained were calculated for A2B6 solutions with high density magnetic impurities–

diluted magnetic semiconductor, which are considered promising materials for spintronics.The 

results can be used in the interpretation of experiments describing the dependence of 



thermodynamic and optical characteristics on thickness, temperature and magnetic field in finite-

size systems. 

Approbation and application: The main results of the dissertation work were 
presented at the following international and republican scientific conferences-Türk fizik dernegi 
33 uluslararası; fizik kongresi 6-10 eylul 2017 p.297, Türk fizik dernegi 33 uluslararası; fizik 
kongresi 6-10 eylul 2017 p.339, The 6 th International conference on Control and Optimization 
with Industrial Applications, July 11-13, 2018, Baku, vol 1, page 122-124 Web of Science, The 
6 th International conference on Control and Optimization with Industrial Applications July 11-
13 2018. Baku, vol 2, page 89-91. Web of Science, Academician G.B. Abdullayev Centenary 
International Conference and School Modern Trends in Condensed Matter Physics MTCMP - 
2018, Tezise səh 87, Conference Proceedings of Modern Trends in Physics 01-03 may 2019 
Baku p.219-222 Web of Science, “Fundamental and applied research in the modern world”14-
16 april 2021, page 103-109Бостон, США , Proceedings of IX International Scientific and 
Practical Conference Rome, Italy 2021. page 150-155-communicates. 

The list of articles published at the end of the dissertation on the topic of the dissertation was 
published in the following journals:Superlattices and Microstructures  V.108,11, 2017 , p574-
578 Eisevier; Azerbaijan Journal of Physics 2018, vol. XXIV, Number 03, page 170-171; 2019, 
vol. XXV, Number 01, page.35-38; 2020, XXVI, №2 page 3-9; 2021,vol. XXVII, №3 page 3-6; 
Azərbaycan Milli Elmlər Akademiyasının xəbərləri. Fizika-texnika və riyaziyyat elmləri seriyası, 
fizika və astronomiya 2019 №2 , səh 14-16; 2020 №5, səh 7-10. Journal of Magnetism and 
Magnetic Materials. Volume 495, 2020, 165882  page1-4,Eisevier; Asian Journal of Physical 
and Chemical Sciences, 8(2): 32-44, 2020; 

Name of the organization where the dissertation work is carried out:The dissertation 
work was carried out laboratory of the departement of Physics of Baku State University. 

The structure and scope of the dissertation. The dissertation contains  an introduction, 4 
chapters, main results and a list of 155 references, covering 118 pages printed on a computer.  

 

 

CONTENT OF THE WORK 

In the introduction, the research object of the dissertation was selected, the relevance of the 
topic was substantiated, the purpose of the research and the main issues to be solved were 
identified.The practical significance of the dissertation is shown, scientific innovations of the 
dissertation and the main provisions for defense are given. The summary of the dissertation is 
commented. 

The first chapter provides a brief overview of nanoscale systems (quantum dot, quantum ring, 
quantum wire, superlattice), spin-orbital and  Rashba spin-orbital interactions.This chapter also 
provides an overview of the main theoretical and experimental work devoted to the study of 
thermodynamic and optical processes in nanoscale systems. 



İn the second chapter the heat capacity of low-dimensional systems was investigated. The 
subject of quantum dots and quantum rings has been at the center of extensive theoretical 
research as low-dimensional quantum systems.In recent times, much effort has been made to 
understand their electronic, optical, and magnetic properties. 

The geometric nanostructural characteristics of the ring are of particular interest because they 
offer unique opportunities to study quantum interference effects such as persistent current and 
the Aharanov-Bohm effect.The effect of spin-orbital interactions on the properties of one-
dimensional quantum rings is of particular interest to researchers. In this chapter, we first 
determined the energy spectrum and wave function of an electron in diluted magnetic 
semiconductor quantum ring. Assume that the confinement potential of an electron in a quantum 
ring is of the Fock-Darwin type: 

𝑉 𝜌 , 𝜌 𝑅              (1) 

where 0V - defines the depth of this potential and   is the distance of electron from the centre of 
the diluted magnetic semiconductor quantum ring ( radius vector of electron). The quantum ring 

is subjected to a uniform magnetic field ),0,0( HH 


normal to the quantum ring plane.  Spin-
orbital interaction is determined by Rashba Hamiltonian: 
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The total Hamiltonian is given by following by taking into account Zeeman and exchange 
interaction: 

𝐻 𝐻 𝑔𝜎 𝜇 𝐻 𝑉 𝐻     (3) 

and 

𝐻 𝑝 𝐴 𝑉 𝜌                (4)       

where z - is the Pauli z matrix, 0  -is the Rashba spin-orbital coupling parameter, g is Lande 

factor of electron. nm - effective mass of electron, 𝜇 ∗ ℏ  –  is Bohr magneton, 0m - free mass of 

electron and A


- vector potential. In the mean field approximation, the exchange Hamiltonian term 
can be written as [1]: 

𝐻 ⟨𝑆 ⟩𝑁 𝑥𝐽 𝜎 3𝐴𝜎          (5) 

where 𝐽 - is a constant which describes the exchange interaction, 0N -is the density of the unit 
cells. The thermodynamic average  zS of the z component of the localized Mn spin is 
determined by the expression 



⟨𝑆 ⟩ 𝑆 𝐵           (6) 

where 
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5  – is the Brilloin functions, MNg =2 is the g factor of Mn ions, 25S and 

kB is the Boltzmann constant. 

For uniform magnetic field, H directed along z-axis and we wrote the Schrödinger equation in 

cylindrical coordinates then wave function was investigated as   
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 Following expression is found for energy levels: 

𝐸 ℏΩ 𝑛
| |

𝑙ℏω 𝑔𝜎 𝜇 𝐻 3𝐴𝜎 𝜎            (7) 

(7) – expression energy spectrum of electron in diluted magnetic semiconductor with Fock-Darwin 
confinement parabolic potential by taking into account Rashba spin-orbital interaction and Zeeman 

term. In here, n
c m

eH


 - is the cyclotron frequency  

Ω 𝜔
ℏ

, 𝜔 , 𝛼 𝛼      (8) 

 

[1]B.H.Mehdiyev, A.M. Babayev, S. Cakmak, E. Artunc, Rashbaspin_orbit coupling effect 
on a diluted magnetic 

semiconductor cylinder surface and ballistic transport Superlatt. Microstruct. 46 (2009), 
593 -  602. 

 

Partition function for calculation of specific heat in diluted magnetic semiconductor quantum 
ring as following: 

𝑧 ∑ 𝑒
, ,

      , ,                                              (9) 

The Rashba spin-orbital interaction lifts spin degeneracy of energy states and partition function 
branches out into two parts giving spin up and spin-down contributions 

 



𝑧
ℏ ↑ ℏ ℏ ↓ ℏ

      (10) 

 

The partition function can be used to obtain the heat capacity as 

𝐶 𝑘 𝑇 ↑ ↓                                 (11) 

In figure 1. Using the expression (11) we obtained, the specific heat of an electron in 
TeMnHg xx1   quantum ring with confinement parabolic potential of the Fock-Darwin type is shown. 

In here, the Rashba spin-orbital and exchange interaction are taken into account when calculating the 
specific heat numerically. 

 

 

Fig. 1. The specific heat for TeMnHg xx1 materials of the diluted magnetic semiconductor 
quantum ring as function of temperature and Mn concentration at fixed TlH 1 if Rashba spin-
orbit coupling constant nmmeV 160 . 

According to this figure as the temperature is increased the specific heat suddenly increases and 
then decreases giving a peak-like structure. 

Fig. 2. The dependence of specific heat in diluted magnetic semiconductor quantum ring from 
the magnetic field and Mn concentration in the presence of Rashba spin-orbital interaction, 
exchange interaction. As can be seen from the figure 2, initially increasing of magnetic field 
leads to increasing of specific heat to the maximum value then decreases to the zero. 

In this chapter, the energy spectrum and wave function of an electron in diluted magnetic 
semiconductor quantum dot were calculated. These quantum systems have many applications, 
such as single electron, photon devices, spintronics. 

We take into account the effects of the Zeeman and exchange terms on the heat capacity of 
diluted magnetic semiconductor quantum dot, the electron is assumed to be moving in a 



asymmetrical potential given by 

𝑉 𝑥, 𝑦, 𝑧 , 𝑥, 𝑦 𝜌, 0 𝑧 𝑎                         (12) 

 

 

 

Figure. 2. We plot the heat capacity in diluted magnetic semiconductor quantum ring versus 
magnetic field and Mn concentration at fixed T=5K and nmmeV 160  in the presence of the 
exchange interaction. Our material is TeMnHg xx1 . 

 

Here  - is the distance of electron from the center of the diluted magnetic 
semiconductorquantum dot, a - is width of quantum well. The total Hamiltonian of the system is 
given by: 

 𝐻 �⃗� 𝑒𝐴 𝑉 𝑥, 𝑦, 𝑧 𝑔𝜎 𝜇 𝐻 𝐻 (13) 

İn the mean field approximation Hamilton operator is given at (5). 

For uniform magnetic field, H directed along z-axis, the vector potentials in cylindrical 

polar coordinates have the components ,
2



H

A  ,0rA 0zA and writing of Schrödinger 

equation incylindrical coordinates then we are looking for solutions of the equation with the 
following functions: 

𝛹 𝑟, 𝜙, 𝑧
√

𝑅 𝑟 𝑒 𝜉 𝑧                              (14) 



İf we take into account exchange interaction and Zeeman terms in magnetic field, we got 
following expression for energy spectrum of electron in diluted magnetic semiconductorquantum 
dot with confined asymmetric potential: 

 𝐸 ℏΩ 𝑛
| | ⋅ℏ 𝑑 ⋅ 𝜎 ℏ       (15) 

Burada, 1 , ,..3,2,1m  and used following substitutions: 

Ω 4𝜔 𝜔 ,    𝜔    𝑑 𝑔𝜇 𝐻 3𝐴        (16)   

Taking into account exchance interaction and Zeeman term, we use the expression (15) to 
calculate the heat capacity of electrons in diluted magnetic semiconductor quantum dot and 
obtain the following expression for the distribution function for Boltsman statistics: 

𝑧 ∑ 𝑒, , ,
,

ℏ ℏ
              (17) 

𝛽 ,    𝑣 0, 𝜀    - is the third theta elliptic function. It is now possible to compute 

thermodynamic quantities from this expression of the partition function. The heat capacity as 

𝐶 𝑘 𝛽                                     (18)  

We present our numerical results on the energy dispersions of the electrons and the 
specific heat for TeMnHg xx1 DMS quantum dot. We use the following set of parameters: 

0047.0 mmn  , where 0m  is the free electron mass, R=80nm, meV5.70  . 

Other parameters used in our calculations dsJN 0 = 0.4eV. In Fig.3 we show the specific 
heat of the DMS quantum dot in the presence of exchange interaction and Zeeman term as 
function of temperature and Mn concentration at fixed H = 5Tl. According to this figure as the 
temperature is increased the specific heat suddenly increases and then decreases giving a peak-
like structure.  

This excitation along with Tk B  thermal energy, depends on the density of thermally 
permissible conditions where are located Tk B  above and below the Fermi energy level. At a 
given value of the magnetic field, the spin-orbital interaction provides the intersection of energy 
levels with the same orbital momentum but different torques. This increases the state density for 
the quantum dot. The maximum value of the heat capacity in this magnetic field corresponds to 
the maximum allowable state for Tk B energetic electrons. In the subsequent increase of the 
magnetic field, c the cyclotron energy (energy between Landau levels) is much larger than the 
confined potential contact energy. Such an increase in energy levels reduces the probability of 
excitation and heat absorption or specific heat capacity.  

 



 

Figure 3. Shows the specific heat of the DMS quantum dot TeMnHg xx1  in the presence of 
exchange interaction and Zeeman term as function of temperature and Mn concentration at fixed 
H = 5Tl.  

Figure 4. T=3K  Dependency of specific heat in diluted magnetic semiconductor quantum 
dot from the magnetic field and Mn concentration. According to figure 4  specific heat initially 
raises with the increase in magnetic field, come to maximum value and then decreases to zero.

 

Fig 4. For the material TeMnHg xx1 of quantum dot, T=5K and this figure shows that 

dependency of 
B

v

K

C from the magnetic field and Mn concentration. 

 

 

In chapter third, magnetic moment of diluted magnetic semiconductor quantum ring was 
investigated. The family of diluted magnetic semiconductors (DMS) encompasses standard 
semiconductors, in which a sizable portion of atoms is substituted by such elements, which 
produce localized magnetic moments in the semiconductor matrix. Extraordinary features of 
DMSs are connected to the strong exchange interaction between band carriers and the localized 
magnetic ions, and are expected to be deep in the external magnetic field. The effect of magnetic 
field, Rashba spin-orbital interaction, s-d exchange interaction and finite temperature on the 
conductivity of a diluted magnetic semiconductor hollow cylindrical wire was studied in [1]. 
Uniform magnetic field ),0,0( HH 


is perpendicular to the quantum ring plane. Expression of 



Energy spectrum of electron in diluted magnetic semiconductor with Fock-Darwin confinement 
parabolic potential by taking into account Rashba spin-orbital interaction and Zeeman term is 
given in (7). Average magnetization is given as follow: 
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zzd
TkM B

)(ln(         (19) 

 

 

Fig. 5. The average magnetization of TeMnHg xx1  DMS quantum ring as a function of magnetic 
with Rashba spin-orbit coupling constant nmmeV 160 at fixed Mn concentration x=0.005, 
T=10 K. 

To calculate thermodynamic potential Ω we use an approach based on calculating the classical 
partition function z of the electron gas: 

 

Ω 𝑘 𝑇
1

2𝜋𝑖
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𝑒
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𝑍
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𝜉

𝑑𝜉 

 

where μis the chemical potential of the gas. Magnetic moment of electrons of quantum 
wire is: 

𝑀
ℏ

        (20) 

where A is the area of quantum ring, in here, we will take as  

the area ofthe cross-section of the potential well where 𝜇  and can be written 𝐴 . 

In this case magnetization does not depend 0 -  confinement parameters. 
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Thus, we get an expression of magnetic moment function which  depends on  magnetic field in 
finite temperature for strong degenercy electron gas of diluted magnetic semiconductor quantum 
ring. We have found that in the quantum ring, given the Rashba spin-orbital interaction, there is a 
de Qaaz- Alfen oscillation of the magnetization. 

This chapter also examines the magnetic moment, taking into account the exchange effect and 
the Zeeman terms in non-interacting quantum ring systems made of diluted magnetic 
semiconductors. We assume that the system is oriented in the same magnetic field in the z-axis 
direction. The total Hamiltonian of the system is given as follows: 

 

𝐻 �⃗� 𝑒𝐴 𝑔𝜎 𝜇 𝐻 𝐻                                  (22) 

İn the mean field approximation, Hamilton operation given in (5). 

Eigenvalue and eigenfunction of (22) is as follow: 

 𝛹 𝑟, 𝜙
√

𝑅 𝑟 𝑒                                     (23) 

𝐸 , 𝜀 𝑙 𝜉 𝑔∗, 𝑙 0, 1, 2, …                                                                 (24) 

where: 

𝜀
ℏ

2𝑚
1

𝑅
 𝜉

𝜇∗ 𝐻
2𝜀

Φ
Φ

 

0 - quantum magnetic flux. The exchange interaction in the DMS leads to the g factor 
renormalization for the band electrons, that becomes dependent on the magnetic field and 
temperature. The renormalized g*factor for a quadratic dispersion law is: 

𝑔∗ 𝑔       (25) 

It is necessary to obtain free energy of electron gas for finding magnetization of quantum rings’ 
electrons. The free energy expression can be determined from the classical Z partition function. 
If we take into account (24) expression of energy on  



 

,

,

l

EleZ  partition function, we get 

following statement: 

𝑍 2√2𝜋𝜆 𝑐𝑜𝑠
∗

𝑣 𝜉𝜋, 𝑒 𝜆    (26) 

Here    υ -ξπ, e-   teta function and 1)(   . Now, we can 



calculate the DMS ring free energy. It is well known that: 

𝐹 𝑘 𝑇𝑙𝑛𝑍 𝜆𝜀𝑙𝑛 √𝜋𝜒𝜐 𝜉𝜋, 𝑒 2𝑐𝑜𝑠ℎ
∗

         (27) 

To calculate the magnetization of the electron gas, we use the expression of the free energy of 

the ring: 𝑀
∗

   (28) 

Using [2] Logarithmic derivative of theta function and (28) expression we get:   

𝑀 𝜇 ∗𝜆 𝜋 ∑ 1
 

𝑇𝑎𝑛ℎ
∗ ∗

           (29) 

Further, we examine the system (lattice) of non-interacting DMS quantum rings with two 
different radii. As it is well known, for the noninteracting ring system the magnetization can be 
expressed as [3]:  

𝑀 𝑁 𝑐 𝑀 𝜆 , 𝜉 𝑐 𝑀 𝜆 , 𝜉   (30) 

𝑐 ,
, - rings concentrations . ii  ,  parameters are define as following equation: 

𝜆 𝛽𝜀 𝜆 𝜌 , 𝜉 ℏ 𝜉 𝜌    (31) 
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e
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  𝜀

ℏ
, 𝜆 𝛽 ∈ , 𝜌      (32) 

The numerical values of the magnetization 𝑀 𝜆, 𝜉  of such a system as a function of 

the Aharonov-Bohm (AB) flux are presented in fig 6. 

 

 

Fig 6. Dependence of the magnetization in terms of μBon the magnetic flux for the cases where 
Mn concentrations x=0, g=0, and x=0.0004, g=−1.67. 
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As it is seen from Fig. 1, the magnetization for free electron model system (x=0) varies from 
negative to positive values with changing of the AB flux at fixed temperature, such a behavior is 
typical for antiferromagnetic systems. With increasing Mn concentration in the TeMnCd xx1 solid 
solutions, the exchange interaction between the localized angular moments changes, and this 
leads to a change in the magnetization of the DMS quantum ring. The calculations showed that 
in a DMS quantum ring as the manganese content increases, a transition from the 
antiferromagnetic properties to the paramagnetic one is observed. In the case of the non-
interacting DMS quantum rings the magnetization for Mn concentration x=0.0004 varies from 
positive to negative values with changing the AB flux at fixed temperature, which is typical for 
paramagnetic systems. Also, as it can be seen the value of magnetization is equal to zero, when 
= l, where l is integer or half integer. These points are called as the “Aharonov-Bohm 
compensation points” at which the magnetization vanishes at fixed temperature, while magnetic 
flux varies. 

In our calculation we take some parameters for TeMnCd xx1 material: concentration x=0, g=0 and  
x=0.0008, g=−1.67,  c1 = 0.3, c2 = 0.7, radial parameters eVJN ds 22.00  , r =1385, R=50nm. 
Only the case of fixed magnetic flux in all temperatures magnetization get positive and negative 
value. The sign of magnetization depends on  . 

 

 



Fig. 7.Dependence of the magnetization in terms of μBon the temperature for values of magnetic 
flux 2.0 , for the cases Mn concentrations x=0, g=0 and x=0.0007, g=−1.67. 

As can be seen from the figure 7, magnetization changes sharply with small rising of 
after a peak the magnetization starts to decrease. 

 

Şəkil 8. TeMnCd xx1 solution, The dependence of the magnetization in terms of μBon the system 
of two rings with different geometrical parameters as a function of the magnetic flux for value 
λ=0.19for the case where Mn concentrations x=0, g=0 and x=0.0008, the concentrations are , c1 

= 0.3, c2 = 0.7 and the radial parameters are ,3.11  12  dsJN 0 =0.22eV ,


dsJN 0 =1385,  

R=50nm. When the manganese concentrations increase the “Aharonov-Bohm compensation 
point” number decreases in compared with the case of Mn concentration x=0. 

 

Figure 9.The dependence of the magnetization in terms of 
B

M


on the system of two non-

interacting rings with different geometrical parameters as a function ofthe magnetic flux (ξ) with 
different radii with Mn ions the concentrations are c1 = 0.3, c2 = 0.7 and the radial parameters are 

,3.11  12  dsJN 0 =0.22eV, 


dsJN 0 =1385, R=50nm.  



We have theoretically studied the electronic spectra and magnetic properties of a DMS quantum 
ring in externally applied static magnetic field. It was shown that when Mn concentration 
increases, the compensation points decrease. Besides it was obtained that in the DMS quantum 
ring with increasing manganese content a transition from the antiferromagnetic properties to the 
paramagnetic one occurs. 

4.J.A. Gaj, R. Planel, G. Fishman, Sol. State Commun. 29 (1979) 435. 

 

 

In the fourth chapter, achievements of modern semiconductor technologies provide unique 
opportunities for growing pyramidal, spherical, cylindrical, parabolic, ellipsoidal and other 
quantum dots (QDs) of various geometric shapes and sizes. The motion of particles in the QD is 
quantized in all three directions. Semiconductor QDs, due to the complete quantization of the 
spectrum of charge carriers in them, are the most promising nanoscale structures. In addition to 
the shape of the QD, an important factor affecting the QD spectrum is also the form of the 
limiting potential. In the study of physical processes in semiconductor QDs, an important role is 
played by correct mathematical modeling of the confining potential of QDs, which characterizes 
the interaction of charge carriers with the walls of QDs. The study of the electronic and optical 
properties of QDs with different geometric shapes, with different limiting potentials, both in the 
presence and in the absence of external electric and magnetic fields, is an urgent problem in 
semiconductor nanoelectronics. The study of the optical absorption spectrum of semiconductor 
structures is a powerful tool for determining many of the characteristics of these systems. There 
are many works devoted to theoretical and experimental studies of optical absorption of light in 
quantum-sized systems. The light absorption coefficient due to direct transitions in ellipsoidal 
QDs is theoretically calculated. To describe one-electron states in ellipsoidal QDs in the radial 
direction, the confinement potential in the form of a two-dimensional oscillatory spherical well is 
used, and the z direction of the one-dimensional harmonic oscillator 

 

𝑈 𝜌, 𝑧 𝑈 𝜌 𝑈 𝑧 ∗ 𝜌 ∗ 𝑧                  (33) 

1 və 2 - where is the effective mass of the electron, and z is the characteristic frequency 
holding the potential of ellipsoidal QDs in the radial and z directions, respectively, and 0R , 

0R - is the radius of ellipsoidal QDs in the radial direction. With this simulation of the confining 
potential, the QD will have the shape of an ellipsoid of revolution. Hamiltonian of nonexciting 
electron as follow: 
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nmnE ,,
 - Eigenvalues and Corresponding Eigenfunctions  znmn ,,,, 


 -is given known 

reference. 

Here, n  - the radial quantum number, n -  is the quantum number corresponding to the energy 
levels of the one-dimensional oscillator well, ,...,2,1,0 m - the magnetic quantum number,

21 ,aa - is the characteristic length of the oscillator.  

Let us consider the direct interband absorption of light in a QD in the form of an ellipsoid of 
revolution. In addition, consider the case of a heavy hole with 

em ˂˂ 
hm , where 

em  and 
hm  are 

the effective masses of the electron and hole, respectively. The optical properties of a quantum 
dot were first recorded by Efros during a theoretical study of the absorption of direct light at a 
spherical quantum dot with indefinitely high walls. To calculate the coefficient of direct 
interband absorption of light at its normal incidence on the considered quantum structure, we use 
the expression given in [5] 

𝛼 𝛺 𝐴 ∑ 𝜓 𝜓 ′𝑑𝑉 𝛿 ℏ𝛺 𝐸 𝐸 𝐸 ′, ′     (35) 

where gE  ,   gE is the band gap of a massive semiconductor.  A – is a quantity 
proportional to the square of the matrix element taken from the Bloch functions,   and    are 
the sets of quantum numbers corresponding to an electron and a heavy hole, respectively.   - is 
the frequency of the incident light.  In here the presence of the   function ensures the fulfillment 
of the energy conservation law for the corresponding transitions.  
We used Meler's and Hilli Hardy's formulas to calculate the absorption coefficient of the 
straight-interband transition of light: 
We have determined the dependence of threshold energy on the parameters of the quantum point. 
We have defined the sampling rule for the interband transition between different quantum 
numbers 

5.Al.L. Efros, Al. Efros. Interband absorption of light in a semiconductor sphere. 
Semiconductors 

Volume 16, Issue 7, 772-775 (1982) 

 

In the last few years there has been considerable theoretical and experimental study has been 
carried out on the electronic and optical properties of multiple quantum well heterostructures. 
The central motivation of such studies has been the possible applications of these systems in 
optoelectronic devices. Growth techniques, such as molecular-beam epitaxial and metal- organic 
chemical vapor deposition, have made possible the fabrication of highly pure structures with 
abrupt interfaces, allowing for the tailoring of the electronic structure to suit almost any need. An 
interesting example is the variably spaced semiconductor superlattice. 

Quantum dot superlattices are expected to exhibit unbalanced transfer properties, unlike quantum 
well superlattices. Spectroscopy of optical transitions along the band zone is a powerful and 
versatile method for studying the electronic structure of semiconductors. 



The study of the intraband absorption of light in semiconductor quantum dot superlattice 
structures is of considerable focus. The intraband absorption of light in quantum dot superlattice 
structures has not yet been studied. 

We obtained the intraband absorption coefficient of light, the dependence of the absorption on 
the threshold frequency, and the geometric dimensions of the quantum dot superlattice 
structures. 

In this chapter, we study the direct intraband transitions in a quantum dot superlattice system. 
We obtain an analytical expression for the intraband absorption coefficient of light and the 
threshold frequency of absorption as a function of the geometric dimension of the quantum dot 
superlattice system. According to the results of this study, the threshold frequency of absorption 
decreases with increasing size of quantum dot superlattices. 

 

In this chapter also   he interband absorption of light in semiconductor quantum dot 
superlattice structures has also been studied. 

The interband absorption in a quantum dot superlattice with a periodic potential U (z) of 
period d along the z-direction of the harmonic oscillator form is considered: 
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where 
m - is the effective mass, x  and y  are the confinement frequencies in the x- and y-

directions, respectively. It is considered as one of the exactly solvable quantum mechanical 
problems. It is used to model a wide variety of phenomena ranging from molecular vibrations to 
the behavior of quantized fields.In the strong-coupling approximation, the Hamiltonian for 
charge carriers in a quantum dot superlattice can be written 

)cos1(
2

)(
22

)( 2222
22



dp
yx

m

m

pp
H z

yx
yx 









    (36) 

where  is the miniband width. The electron effective mass emm  , when the conduction 

band is considered; and hmm   when the valence band is considered, where hm  is the effective 

mass of the hole. The normalized eigenwave functions of the electron )(,, r
zken  and the 

eigenvalues of the energy )(. zln kE in the conduction band are set, respectively, Based on 

expression (35), we have calculated the coefficient of interband absorption in a quantum dot 

superlattice system. 

where  ,...2,1,0n  və  ,...2,1,0l - are the level indices of the electronic subbands, zk - is the 

component of the wave vector in the z -direction, 



         ∑ 𝜓 𝜓 ′𝑑𝑉, ′  - can be obtained using following expressions: 
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where 
he nnJ and 

hellJ are overlap integrals between the valence and conduction bands. Quantum 

numbers nne ,  can change arbitrarily. The argument of the Dirac δ-function allows to define the 
threshold frequency of absorption 00 . 

İn this chapter, An analytical expression for the absorption coefficient of electromagnetic radiation in a 
Peshle-Teller potential quantum wire was obtained. The absorption coefficient was calculated by the 
first-order excitation theory. The cases of linear and circular polarization of light are considered, and  
the absorption   carries like as a resonant character. The optical and kinetic properties of low-
dimensional quantum systems (quantum well, superlattice, quantum wires, quantum dots) differ 
radically from the properties of their massive materials. Last decades, These systems have been widely 
used both theoretically and experimentally in electronics and optoelectronics. In nanostructures, the 
energy spectrum of charge carriers is quantized by size, and in this conduction band, it provides 
absorbtion of  (emits) weak electromagnetic waves corresponding to the far  infrared region of the 
spectrum due to the transition between quantized states in this conduction band.The optical and 
electronic properties of low-dimensional semiconductor structures are an important part of the physics 
of modern semiconductors.The study of the optical properties of nanostructures is of great interest both 
theoretically and in terms of application due to its crucial role in the design of infrared detectors and in 
the development of quantum cascade lasers. The results of the study show that the Pöschl -Teller 
potential has rich applications in optical devices or resonance tunneling devices. Optical absorption in 
quantum wells with confinement  potential of the Pöschl -Teller type has been extensively studied. 
Hamiltonian of electron of the Pöschl -Teller-type quantum wires with confinement potential in z 
direction: 
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Where   xV  and  zV  is given on the following expressions: 
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(39) shows that if 0z  və 


2

z  , then potential will singular.   and  determine asymmetry of 

the potential. İf   , in this case, potential of Pöschl-Teller become symmetric.  zV Pöschl -Teller 
potensialının qrafiki təsviri ədəbiyyatdan yaxşı məlumdur. 



x  

Figure 10. İf 2 , three different Pöschl-Teller potential noted (37) corresponding to Hamilton we 
can choose wave function as follow: 

𝜓 𝑒𝑥𝑝 𝑖𝑝 𝑥/ℏ 𝜙 𝜑 𝑧     (40) 
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y
N - oscillator function, 𝑁 0,1,2, . . ..,𝑛 0,1,2, .. , xL - length of wire , ml  .  

 zn -  is a eigenfunction of the zH  components of (37) Hamilton operator  

𝐻 𝜑 𝑧 𝐸 𝜑 𝑧  

 zn  eigenfunction and nE - eigenvalue expression is given in [45] as following:  

𝜑 𝑧 𝐶 𝑠𝑖𝑛 𝛽𝑧 𝑐𝑜𝑠 𝛽𝑧 𝐹 𝑛, 𝑘 𝜂 𝑛, 𝑘 1 2⁄ ; 𝑠𝑖𝑛 𝛽𝑧 , 

  𝐸 ℏ
∗ 𝑘 𝜂 2𝑛 𝑛 0,1,2, . .. 

Here  𝐹 𝑎, 𝑏, 𝑐, 𝑧 - is a hypergeometric function. 

he subinterband absorption coefficient is calculated by the following expression: 

𝛼 √
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The absorption coefficient is considered in the case of linear polarization and circular polarization. 

If the polarization vector is directed along the Oy axis, the electron-photon interaction operator is 
become as follows: 

𝐻
ℏ
∗

ℏ    (42) 

Where fN - number of photons 



From (40) and (42), we get for  RH - matris element as following: 

 

⟨𝑁, 𝑛, 𝑝 |𝐻 |𝑁 ′, 𝑛′, 𝑝′ ⟩
ℏ ℏ

𝛿 , ′ ,𝛿 ′ 𝛿 , ′ 𝛿 , ′   (43) 

In the case of circular polarization, RH -the expression is as follows [65] 
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When calculating the absorption coefficient  x  the dirac function was replaced by the Lawrence 

expansion 

𝛿 𝑥 .                 (44) 

Considering (43) and (44) in the (41), expressions for the absorption coefficient are easily obtained. 

THE MAIN RESULTS: 

1. The wave function and energy spectrum of electrons in a diluted magnetic semiconductor quantum 
ring with Fock-Darwin parabolic potential by taking into account the spin-orbital interaction, the 
exchange interaction, and the Zeeman effect were expressed for a specific heat. The temperature 
dependence of the specific heat in a low magnetic field has been found to have a peak structure. 

2.Taking into account  effects of Rashba spin-orbit interaction, exchange interaction and Zeeman terms 
on the diluted magnetic semiconductor with Fock-Darwin potensial were found the wave function and 
energy spectrum of electrons.The heat capacity of the electrons at the quantum dot was calculated. It is 
shown that the specific heat increases with increasing magnetic field until it reaches a maximum value 
and then decreases to "0" (zero). 

3. The magnetic moment of the electronsin diluted magnetic semiconductor ring with the Fock-Darwin-
type parabolic potential was calculated  by taking into account the Rashba spin-orbital interaction, 
exchange interaction and Zeeman term. In the low magnetic field, the magnetic moment increases 
sharply and begins to decrease with subsequent increases in the magnetic field. 

4. The magnetic moment in non-interactingdiluted magnetic semiconductorquantum ring systems was 
calculated  by taking into account the exchange effect and Zeeman term. We have shown that in diluted 
magnetic semiconductor quantum ring, the magnetization changes with a slight increase in temperature 
and begins to decrease after reaching its peak. 

5. It is shown that as the Mnconcentration increases (eg. in quantum rings with solid solution Cd1-

xMnxTe), the number of points where the temperature is fixed, but the magnetization disappears when 
the magnetic flux changes “Aharonov-Bohm” compensation points decreases. 

6. An analytical expression for the absorption coefficient of electromagnetic radiation in a Pöshle-Teller 
potential quantum wire was obtained. The absorption coefficient was calculated by the first-order 



excitation theory. The cases of linear and circular polarization of light are examined and it is determined 
that the absorption is resonant. 

7. An analytical expression was obtained for the absorption coefficient and the threshold 
frequency of absorption of the direct interband transitions of the ellipsoid-shaped quantum dot 

and quantum dot superllatice. The dependence of the intraband absorption of light on the 
geometric size of the quantum dot and quantum dot superlattice system was determined.  
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