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Abstract

Quantum dots (QDs) are semiconductor nanostructure with a
three—dimensional confinement of electrons. It has become a hot topics
recent years that research on QDs in condensed-matter physics, lots of
research in theory and experiment have been carried out. In this paper,
within the effective—mass approximation, we studied the
ground-state—transition of a vertically coupled four-layer single
electron QDs system, which is subjected to a parabolic potential
confinement. We studied the system by using method of few-body physics
and apply a magnetic field in the z direction

Firstly, we briefly introduced the background and significance of the
research on QDs, as well as introduced the theory research methods and
concrete contents in this paper.

In chapter two, we introduced the product base of harmonic oscillator
and deduced the Talmi—Moshinsky transformation  bracket of
two-dimensional about N body system. Then consider a N-layer QDs system
which was restrained by parabolic confinement in the external magnhetic
field and each QD contains only one electron, we get the Hamitonian of
the system. For convenience of calculation, we introduce a set of the
center of mass (c.m. ) coordinate and a set of Jacobi coordinates, The
center of mass motion is completely separated from the relative motion

in this approach, and the multiple integration can be reduced to single
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integrals by means of the Jacobi coordinates and Talmi - Moshinsky
itransformation coefficients. The matrix elements of the vertically
coupled N-layer single electron QDs are obtained.

In chapter three, we studied ground-state energy transitions of a
two—electron system in a douhle—layer {Ds in different total spin and
intensity of coupling with the change of magnetic field. We draw the
correlalion energy spectrum as a function of external magnetic field
strength and find out the influence of coupling—strength on magic angular
momentum and the transition of spin.

Finally, We study a four—electron system in a vertically coupled
four-layer quantum dot under a magnetic field by diagonalizing the
Hamiltonian matrix exactly. We obtained correlation energy spectrum of
the low-lying states as a function of the external magnetic field for three
different values of the total spin: (a) S=0, (b) S=1, (c) S=2. We find
Lthat discontinuous ground-state energy transitions induced by an external
magnetic field. We find that dot-dot distance and electron—electron
interaction strongly affect ground-state—transition of the coupled
quantum dots. Because ground-state—transition exists 1in one-layer
quantum dot, so we consider that the inter—dot correlation leads to the

disappearance of ground-state—transition.

Key words: coupled quantum dot, semiconductors, Few—body physics
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Fig. 3—1 The correlation energy spectrum of a containing two—electron
QD as a function of the external magnetic field strength. The solid lines
are associated with S = 0 and the dashed lines are associated with

S =1 The numbers label the angular momentum of the state. The parameters

are taken as appropriate for GaAs; hw, =1.0meV and d = Onm.
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Fig. 4-1 Correlation energy levels of a vertically coupled four-laver
single electron QD versus external magnetic fields, (a) S=0, (b) S=1, (c¢)
S5=2. The numbers in the figures label the total angular momentum L of the
states. The solid lines are associated with magic numbers L, the dashed
lines are assoclated with non—magic numbers. Parameters are taken

appropriate for GaAs, hAw,=3.6meV and d=0Onm.
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Fig. 4-2 Correlation energy levels of a vertically coupled four-layer
single electron QD versus external magnetic fields, (a) $=0, (b) S=1, {(c¢)
5>=Z. The numbers in the figures label the total angular momentum L of the

states. Parameters are taken appropriate for GaAs, hw,=3.6meV and

d=0nm.
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