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Electronic structure of a bulk (3D)
in the magnetic field
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Pole magnetyczne w nanostrukturach

® Poziomy Landaua w 3D

® Poziomy Landaua w dwu-wymiarowym gazie
elektronowym

® Pole magnetyczne w drutach kwantowych

e Pole magnetyczne w kropkach kwantowych
Stany Focka-Darwina

Electronic structure of a bulk (3D)
in the magnetic field (cnt.)
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Electronic structure of a bulk (3D)
in the magnetic field (cnt.)
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Electronic structure of a bulk (3D)
in the magnetic field (cnt.)
Degeneracy of the levels

The number of possible ka (Ol =x,y,z) in the range Aka
is equal to iAk
2r “ -L,/2<y,<L, /2
The orbit center Yo must lie L /2< hkx <L /2
within the box y “eB Y
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of allowed wavevectors Y < kx <X Akx =
2h 2h h
Number of states with L L, LyeB m*a,L, Ly
certain k, p= ox X = 2h = 2h
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Landau level pAkZ = piAkZ =— VI;
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Electronic structure of a bulk (3D)
in the magnetic field (cnt.)
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Electronic structure of a bulk (3D)
in the magnetic field (cnt.)
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Electronic structure of a bulk (3D)
in the magnetic field (cnt.)

Effect of electron spin on Landau levels
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2D structures in the magnetic field
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Electronic states

in 2D Electron Gas (2DEG)

2D structures in the magnetic field (2)
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2D structures in the magnetic field (3)
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Natural unit of flux degeneracy of a level

Electronic states

in 1D systems
Quantum Wires
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2D structures in the magnetic field (4)
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Density of states with disorder

{ 22
s (4 1 E-E

| D(E)= 1- n
L N ( ) 27['; ;[ ( Fn j ]

Confined 2D structures (effectively 1D)
in the magnetic field
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Confined 2D structures (effectively 1D)
in the magnetic field (3)
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Confined 2D structures (effectively 1D)
in the magnetic field (3)

An infinite barrier type confining potential U(y).

Calculated energy versus
center coordinate y,for

a 200nm-wide wire

and magnetic field 5T.

The shaded regions
correspond
to edge states

50 100 150 200 250
Center coordinate (nm)

Confined 2D structures (effectively 1D)
in the magnetic field (3)
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Group velocity: v(n,k) = ( ) _g
ok m* g,
The wave function of the state (n,k) is centered at Y = -- Yk
hk The spatial location of the wave function
yk - e_B is proportional to Kor group velocity

Electronic states

in quantum dots
Fock-Darwin theory
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Entirely confined systems

L = A = 1/(2Em*)12

0D systems
guantum dots
guantum boxes
artificial atoms

Where physics of solids, atoms, nucleus, quantum
chaos meet 2

Few body problem

Fock-Darwin theory

Two-dimensional harmonic oscillator
in the magnetic field

L, <<L,, L,+ 2D parabolic potential well
one-electron approximation

Energy spectrum of OD systems

oD p GOP)(E)
Quantum Dots B
G (E)=Y 5(E-E,)

n E, E, E E, E
always discreet levels (dimensional quantisation):
° &, ¥, whose degeneracies, positions, and distribution

depend on QD shape and disorder
* independently of disorder, spin and time reversal
degeneracy if B = 0 and no spin interactions
Analogy to:
* nucleus
« finite elastic bodies (vibration modes)
+ electromagnetic cavities

FIG. 1. Scanning electron micrograph of resist dots, with a
125 nm marker, together with a schematical sketch of the band
structure across the dots right at the InSh surface. The bright
disks give an idea of the geometrical dot size. This monitor
sample is shadowed with gold for contrast enhancement.
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Quantum Dot in Magnetic Field
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Single Particle Eigenstates 1
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Fock-Darwin Eigenstates
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Single Particle Energy Levels in Zero Magnetic Field
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The single particle energy levels (without Zeeman
Energy) as a function of magnetic field

-
/

hwop = 2meV

E [meV)]

(a) © 2 4B - 6 8 10(11) -

m, = 0.067 Formation of Landau Levels

for B 2 infis clearly seen
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Radial parts of the Fock-Darwin single particle

states
solid lines are for ny = 0

—_

06y dashed for n; =

osf dotted for n;, = 2
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Example of Quantum Transport:
Coherent Tunneling

Resonant Tunneling Diode (RTD)

n-GaAs substrate

Esaki, Chang, Tsu (IBM, 1974)
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Fock-Darwin states
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Energy (meV)
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" Magnetic field (T) >

Tarucha et al.., PRL’00
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