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2DE:  Two-dimensional electrons

separation between levels of dimensional quantization

εε Δ<<kin

kinetic energy of in-plane motion

)(e1)( i z
L nϕψ kρr = nm

k
E ε+=

2

22h

( )
( )0,,

0,,
yx
kk yx

=
=

ρ
k

)()()(
2

2

rr ψψ EzV
m

=⎥
⎦

⎤
⎢
⎣

⎡
+Δ−

h

MOSQW

heterojunction

δ-doped well

image
potential

n-i-p-i
crystal



V. Karpus, "Quantum Semicondutor Structures", Lecture 4 (2010)

2DE:  Density of states (DOS)
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2DE: Bolzmann and Fermi gasses
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Screening

Tk
ne

a B0

2

s

21
κ
π

=

Fermi gas
ε F

V  ( )ρs

Bs

21
aa

=

( ) ( ) ( )rrr Φ−= eVV s

“bare” field

field of redistributed electronsscreened (“dressed”) field

χ

Boltzmann gas subband bottom

V  ( )ρs

( ) ( )rρ sVzdzV ∫=
2

0
s )(ϕ

Thomas – Fermi scheme



V. Karpus, "Quantum Semicondutor Structures", Lecture 4 (2010)

Dielectric function
Poisson equation:
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Wigner crystal
[E. Wigner, Phys. Rev., 46, 1002 (1934)]
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[C.C. Grimes and G. Adams, PRL 42, 795 (1979)]
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Resumé

Glossary:

• DOS, density of states

• Boltzmann and Fermi 2DEG

• 2DE concentration

• screening

• Wigner crystal

• gaseous parameter

Problems to solve:
•3.5.1: 0.8pt, 0.8pt, 0.5pt, 1pt 

•3.5.2: 0.6pt

Further reading:
• (Karpus 2004, p.79-107) 

NB:

• math:
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• sum → integral rule:
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• DOS of 2DE:

• 2DE concentration:

F2D ερ=n

• Fermi-Dirac function:
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