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Course annotation 

The course aims at presenting basics of a physics of low-dimensional systems and a survey of 

latest achievements in a field of 2DE, 1DE and 0DE physics. 

Detailed studies of the electron energy spectrum in quantum low-dimensional structures and 

solution of corresponding assigned problems presents introductory skills in a theoretical 

analysis of quantum nanostructures. The studies of kinetic, optical, electric, and magnetic 

phenomena in the two- and one-dimensional electron systems prepare students for a self-

contained scientific work in contemporary laboratories of condensed matter physics. 

The course examines problems of two-, one-, and zero-dimensional electron physics and 

surveys contemporary achieviements in physics, technology, and engineering of quantum 

semiconductor nanostructures, namely, quantum wells, heterojunctions, superlattices, quantum 

wires and dots, nonograins, and quantum point contacts. The course is comprised of the 

following main topics: quantum wells, resonant tunneling, inversion layers and 

heterojunctions, Wigner crystalization, quantum Hall effect, quantization of the ballistic 

conductance, quantum dots, Coulomb blockade, and 2DE kinetics. 

 

List of lectures:  

1. Introduction – Size quantization. Infinitely deep potential well. Overview of size 

quantization effects. Finite quantum well. 

2. Quantum wells. Band offsets. Discontinuity of the effective mass. In-plane mass. 

Envelope function approximation. Kane model. Luttinger Hamiltonian. 2D holes. 

3. Ultrathin QWs. Electrons above QWs, virtual levels. Band structure engineering. 

4. Two-dimensional electrons. Density of states. 2DE gas. Boltzmann ir Fermi 2DEs. 

Screening. Dielectric function. Wigner crystal. 

5. Coulomb impurities. Excitons. Biexcitons ir trions. 

6. Optical transitions of 2D electrons. Transition probability. Absorption coefficient. 

Interband transitions. Excitonic absorption. Intersubband transitions. Quantum cascade 

laser. 

7. Heterojunctions. MOS structure. Low-2DE-concentration limit. Triangular well. Inversion 

layer. Fang–Howard wave function. 

8. Heterojunctions. Image potential. 2DEs at a surface of liquid He. GaAs-AlGaAs 

heterojunctions. Modulation doping. Potential balance. -doping. The sawtooth 

superlattice. 

9. 2DEs in electric and magnetic fields. Stark effect. Field induced ionization. Landau levels. 

Hall effect. Quantum Hall effect. Crossed E ir B fields. Problem of Hall plateaus. 

Fractional quantum Hall effect. 

10. Resonant tunnelling. Transfer matrix technique. Double barrier. Photon-assisted 

tunnelling. 



11. Superlattices. Energy spectrum: Transfer matrix and TBA techniques. Double QW. 

12. Superlattices. Bloch oscillations. The Stark ladder. Experimental observations of the Stark 

ladder and Bloch oscillations. n-i-p-i crystals. Photoeffect. Screening of the potential 

profile. 

13. Kinetics. Scattering of 2DEs by ionized impurities. 2DE-phonon interaction. Scattering by 

acoustic phonons. 2DE mobility. PO scattering. 

14. Quantum wires. Fabrication by the direct etching. Growth in situ. 1D electrons. Density of 

states. Parabolic and cylindrical quantum wires. Quantization of ballistic conductance. 

Ballistic resistors. Quantum point contacts. Carbon nanotubes.  

15. Quantum dots. Fabrication techniques. Stranski–Krastanow dots. Parabolic QDots. FIR 

spectroscopy. Coulomb blocade. Single-electron transistor. 
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