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SUMMARY

The presented dissertation is devoted to the theoretical investigation of the electronic,
impurity and tunnel characteristics as well as optical properties of semiconductor
nanostructures. Electronic and impurity states in spherical QD as well as influence on them
of inclusion of border conditions, dispersion law of the charge carriers, external fields and a
slight non-sphericity of the boundary of QD are studied. The same set of problems is
considered also for QD with more complex geometry such as ellipsoidal, semispherical,
lens-shaped and quasiconical QD. In the last chapter the coherent transport of electrons
through a system of QD located between two electron gases is investigated.

Main results of the dissertation

1. Electronic and impurity states in spherical QD with confinement potentials (CP) that
take into account the influence of the finite potential jump and diffusion layer in the
semiconductor-dielectric junction boundary are investigated (truncated parabolic potentials
and Wood-Saxon potential). For the considered structures, the threshold character of the
production of charge carrier (CC) energy levels is revealed and the step like character of the
behavior of energetic levels outside QD with changing of QD radius is shown as well.

2. A general theory for description of electronic and impurity states in slightly deformed
spherical and semispherical QD is proposed. Analytical expressions for calculating energy
corrections for spherical and semispherical QD are obtained.

3. Within the framework of adiabatic approximation, the electronic states in thin quantum
lens (QL) at the presence of external electric and magnetic fields are considered. Analytical
expressions for the wave functions and the energy spectra for respective problems are
obtained.

4. Within the framework of the perturbation theory, the electronic and impurity states in
spherical QD with parabolic CP are considered with Kane's dispersion law of CC being
taken into account. For impurity states it has been shown that fall on center occurs at values
of charge number Z>3.

5. Within the framework of adiabatic approximation, the action of extremely strong
magnetic field on electronic states in parabolic QD with quadratic and Kane's law of
dispersion is studied. It is shown that the impurity binding energy in the case of Kane's
dispersion law makes up the greater part of the total energy as compared with case of
parabolic dispersion law.

6. A new method of solving the problem of off-center impurity states in spherical QD with
a finite CP for the case of small displacement a of the impurity relative the center of QD is
proposed. It is shown that the "contribution of the displacement" in the energy of the system

is proportional to the square of the a.
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7. Properties of the energy spectrum of the system of charge-dion in a spherical quantum
well with rectangular CP of a finite height are theoretically investigated and analyzed. It is
shown that due to the presence of magnetic charge in the system there are new levels with
fermion family values of orbital angular momentum.

8. An analytically resolvable model of quantum ring is suggested, the CP of which is
described by the radial analogue of SLnorodinski-Vintemitz potential. The selection rules
and threshold of the absorption frequencies for interband transitions are found in the given
system.

9. An exactly solvable problem of impurity states is considered in core/shell/shell spherical
QD. Kratzer molecular potential is taken for CP. The character of the electrostatic field
created by the impurity and the electron is observed on the basis of obtained results. It is
shown that the dipole moment is absent, and the problem reduces to the calculation of only
z component for the average values of the diagonal elements of the quadrupole moment
tensor.

10. The problem of one-electron states in quasi-conical QD has been solved precisely. The
quantum transitions are considered caused by the absorption of the incident radiation and
the coefficient of absorption is calculated.

11. The spin-resolved resonant tunneling in a system of two QD sandwiched between
doped quantum wells is investigated. It is shown that in the coherent (Dicke) regime,
application of an in-plane magnetic field leads to a pronounced spin-resolved structure of
conductance peak line shape even for very small Zeeman splitting of the QD resonant
levels.

12. The electron transmission through a periodic array of QD sandwiched between doped
semiconductor leads is investigated. It is shown that when the Fermi wavelength of
tunneling electron exceeds the array lattice constant, the off-resonant per QD conductance is
enhanced by several orders of magnitude relative to the single-QD conductance.

13. The resonant tunneling through a periodic square array of QD sandwiched between
modulation-doped quantum wells is investigated. It is shown that if a magnetic field is
applied parallel to the QD plane, the tunneling current exhibits a highly complex Aharonov-
Bohm oscillation pattern due to the interference of multiple pathways traversed by a
tunneling electron. Remarkably, Aharonov-Bohm oscillations are aperiodic unless the
magnetic field slope relative to the QD lattice axes is a rational number.

14. The coherent transport in a system of a periodic linear chain of QD placed between two
parallel quaﬁtum wires is investigated. It is shown that resonant-tunneling conductance
between the wires exhibits a Rabi splitting of the resonance peak as a function of Fermi
energy in the wires, indicating the emergence of strong coupling between the system

=4

constituents.
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