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Abstract: The energy spectra of two electrons in low lying energized states in a circular quantum spot are assessed with various
hindrance statures. The screened electron-electron collaboration is treated through a dielectric work what's more, the
connection energy is determined for various spot sizes. The two electron issue is likewise treated as a powerful one body issue.
It is discovered that (I) connection impacts are critical for more modest spots (ii) spatial ward screening capacity doesn't
prompt obvious changes in restricting energies (iii) the impacts of obstruction stature is calculable on imprisonment and it has
no impact on relationship energy of electrons and (iv) the impact of restricting energy for more modest spots is generous with
the incorporation of the relationship impact more than treated as one body issue.

1. Introduction

The investigation of semiconductor quantum dabs (QDs) and nano-gems have been of an extraordinary interest from the
test and hypothetical perspective in ongoing years. The birthplace of interest lies in the size of quantization in solids furthermore,
in those articles. The electron range of an ideal QD contains a bunch of discrete levels. This makes the semiconductor quantum
dabs significant in the utilizations of optical and transport properties of semiconductors. In these semi zero dimensional
frameworks in which the transporter movement is confined to a restricted locale of a couple of nanometers in measurement, the
relationship among the electrons are demonstrated to be apparent. Scarcely any electron quantum specks have been the subject of
escalated research exercises as of late the interchange of electron-electron cooperation assumes an imperative part in two electrons
in a quantum spot furthermore, subsequently it is uncommonly intriguing. Different material science of two electrons in
semiconductor quantum dab has been seriously researched in the previous few a long time. The vast majority of the counts utilize
limitless boundary models with one or the other square well likely imprisonment or explanatory repression specks has been
explored utilizing a pseudo-likely formalism by Franceschetti furthermore, Zunger . Transport and optical spectroscopy have
uncovered field-tunable rich stages in hardly any electron quantum speck frameworks. Subsequently it is essential to ascertain the
low lying states within the sight of constrainment and electron-electron connection. The electron-electron connection impacts
incorporate the shared Coulomb term and turn part. In the current part, a GaAs quantum spot installed in a Gal-xAlxAs grid with
limited boundaries are thought of. At the point when two electrons are brought into the dab, the complete energy of the framework
is assessed variationally, expecting round well potential for constrainment for various obstruction statures. The screened electron-
electron collaboration is treated through the dielectric screening capacity got by Richardson and Vinsome . The two electron issue
is likewise treated as a viable one body issue with the Hamiltonian.

2. Theory and calculations

SINGLE ELECTRON IN A SPHERICAL QUANTUM DOT

Two interacting electrons of effective mass m* (0.067mo for GaAs) is considered in this chapter. The system is described
by the Hamiltonian given by

H = E—+Vn(r.)

g Qc is theA c=where V (r) D is the barrier height given by V (r) Q E (x). D conduction band off-set parameter, which is
taken to be 0.658 and the band gap difference between GaAs and Gal-xAlxAs is given by

AE,(x)=1.155x+0.37x" V.
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The units of length and energy used throughout the present paper are the is thee where omo e m*e/2=and *4 2 2 Ry
en=effective Bohr radius 2 2 R* / m * e o static dielectric constant of GaAs. The eigen functions for the three lowest lying states
within the dot are given by
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1 areBl and awhere N1, N2, N3, N4, N5 and N6 are normalization constants given by

a, =[2m*E, and B, = \2m*(V,, - E,)

Matching the wave functions and their derivatives at the boundary r = R, the energy eigen values are determined by
imposing the boundary conditions,
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are obtained. And
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Solving these transcendental equations, the confined particle energies, n=A=(1,2,3,......, 0,1) () E n | are obtained. Similar
equations may be obtained for =2, 3.... The confinement energies of the first three statesAother excited states, are calculated.

TWO ELECTRONS IN A SPHERICAL QUANTUM DOT
The Hamiltonian for this system is given by
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Where, V (r) D is expressed as above. The second term is the Coulomb interaction energy which is calculated numerically
here. Considering s-states and p-states, the triplet state energies are obtained sas—sypand(,),1312rr—sys(,),1112rr
— syusing the wave functions (,), 1112 rr expressed above. The electron-electron interaction is included through a dielectric
function which was worked out by Richardson and Vinsome [18]. This function is given by

By

£(F)=(a, +ae™ + ag"’-"]"

Where, al, a2, a3, bl, and b2 are constants and their values are al= 0.07634, a2= 0.87244, a3= 0.051, b1= 1.6977 and b2=
0.3435 respectively. It is noticed that al+ a2+ a3 =1and al =1 0 are the limiting values.e—

The confining potential energies of two interacting electrons are calculated using the Hamiltonian (Eq. and the wave
functions Eqgs. 2 angular momentum=A(2.5) for different states of s and p symmetry. The state of Eq. does not contribute due to
the angular part. Hence it follows that the only matrix element that contributes is 2s state which is the third p—sy s (,),1112rr
— syexcited state after 1s,1p and 1d. The wave functions (,),1112rr s are used to find out the confined energies considering
the— syand (, ), 1 312 rr second solution of the transcendental Eq.(2.8). Using Eqg. the no interacting and interacting two
electron system are obtained numerically and the results are obtained.

3. Results and Discussion

The numerical computation is carried out for one of the typical semiconducting materials, GaAs, as an example with the
material parameters = 13.13 and m*=0.067m0 where mO the singlegshown in the following: 0 electron bare mass. The potential
depth is taken as VD = 36.96 * Ry for x = 0.2 and 77.29 * Ry for x = 0.4 respectively, with * Ry = 5.28 meV and R* = 103.7 A

Fig. shows the variety of bound energies of initial three states with the speck range for two distinct focuses. It is discovered
that as the dab size builds the imprisonment energy of the elelectron diminishes for all the three states true to form. Bound
electron energies are consistently higher for higher focus for all the speck radii. All the states are headed for all the spot sizes for
the instance of 1s and 2s states though unbound states exists for 1d — state for the speck size under 304, since the boundary stature
itself 36.96 * Ry for x = 0.2 what's more, 77.29 * Ry for x = 0.4 separately. These outcomes contrast for the quantum well case
wherein there is a headed state for each well size . The distinction somewhere in the range of one and two electron specks is seen
as 50 meV for the dab size of 404 which is in acceptable concurrence with the Ref.9. They noticed 50.34 A for a 100 A dab while
Cantele et al., acquired an estimation of 40 meV for a 12nm CdSe circular quantum dab.
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