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Dissertation title: Analysis and modeling of electron states in HgTe nanostructures

Abstract: The electron states of mercury telluride (chemical symbol: HgTe) nanostructures of
various dimensionalityare investigated by using J theory and tighbinding method.
Asymmetric doubleHgTe/CdHg:xTe quantum wellstwo-dimensional (2D) HgTe nanodots
(quantum dots) and (2D) HgTe nanorings (quantum rings) are all analjzednost commonly

used manufacturing technologies for the considered nanostructures are presented. The basic
properties of HgTe, CdTand CdHg:xTe are explained.

The theoretical models are described in detail. The fundamentals of multi@ntheory,
which is used for modeling of the electronic band structussgimetric doublélgTe/CdHg1xTe
guantum wells, are presentetihe procedurdor the calculation othe band structure of bulk
semiconductors by using thelJ perturbation model is describetio modelthe band structure of
semiconductor quantum wells, a generalizatiothei 3 perturbation model in the framework of
the envelopdunction theory is prformed. The resulting 3 hamiltonian, which gives a complete
description of electrons and holes in heterostructure with periodic potential, theoretically represents
an infinitedimensional matrix that cannot be diagonalized. Therefore, it is necéssaguce the
description of the band structure to the vicinity of the fundamental band gap. This can be done in
the framework of quasiegenerate perturbation theory (Loéwdin partitioning). This theory is
described in detail anthe eightband Kand 3 modelis presentedThe multiband 3 models
accurately describe the band structure only in the vicinity ofitheint, and they are not suitable
for nanostructures in which the motion of the charge carriers is restricted in all three spatial
directions. Therefore, the band structures of 2D HgTe nanodots and nanorings have been described
by using a more complex tighinding model. In this model, the total wave function is represented
as a linear combination of atomic orbitalhe mathematical formulation of the singlarticle
tight-binding model for semiconductors with the zinlende lattice igpresentedIt hasbeen shown
that the reduction of problesin the model can be done by using taenter approximation.

The model of electronic states in asymmetric HgT@HAQdxTe double quantum wells
grown in the [001] direction is first developefihe model of the bahstructure is based on an
envelope function approach within the framework of@HeandKanei 3 theory The asymmetry
of the conyning potential of t he thatie abbehtenthg u a nt
considered symmetric system where it can be i
the subbands are affected by spmit cowpling which is a consequence of the asymmetry of the
conyning pot enlkeiaadlholel Thke et atesomare mainly con
wells, and the enhanced hybridization between them opens-degpémdent hybridization gap at a
y n i n-pé&aneiwavevectoit is shownthat both the ratio of the widths of the two quantum wells
and the mole fraction of th€dkHg.-xTe barrier control both the energy gap between the-likde
states and the hybridization gafhe energy subbands are showrehibit inverted ordering, and
therefore a nontrivial topological phase could emerge in the system.

The electronic and optical properties of quesmiodimensional nanostructures are
examined. Squareand hexagonathaped 2D HgTe quantum dots and quantings are
investigated. A singkparticle tightbinding model is formed in thep’d®s” basis written in Slater
Koster notation. The nearesgighbor approximation is used. The influence of gplnit interaction
was investigated, which implies doubling of the basis set during implementatierinfluence of
the magnetic field is includeditoughthe Peierls substitution which modifies the-site matrix by
introducing a fielddependent phase shiffhe optical absorption depends on dipole matrix
elements.The dipole matrix elementare determined by including only intraorbital terms, which
was demonstrated to be a reasonable approximation in recent calculations of the absorption spectra
of quantum dots made of phosphorene and silicene. It has been shown that both bulklike and edge
states appear in the energy spectrumraflyzed®?D nanostratures. The bulklike states in 2D HgTe
guantum rings exhibit AharoneBohm oscillations irthe magnetic field. Such oscillations are not
found in 2D HgTe quantum dots, whiaheascribed to the different topology thifesetwo systems.
Whenthe magnetic fikd varies, all the edge states in square quantum dots appear as quasibands
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composed of almost fully flat levels. Unlike in squateped quantum dots, some edge states in
guantum rings are found to oscillate witie magnetic fieldshe edge states in heg@nal quantum
dots are localizedike in rings. The absorption lines in the infrared are found to originate from
transitionsbetween edge statds.is shown that the magnetic field can be used to efficiently tune
the optical absorption ¢gTe 2D quantundot and quantum ring systems.

Finally, conclusions are presenteghd the main scientific contributions of this doctoral
dissertation are outlined.

Keywords: HgTe, quantum well, guantum dot, quantum ring, nanodot, nandridigmodel, tight
binding model, electronic structure, edge states, Landau levels, AhaBomow effect, optical
absorption

Scientific field: Electrical and Computer Engineering

Researt area: Nanoelectronics and Photonics

UDC number; 621.3
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