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3.4 Quantum Wells (Quantumtroge)
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Figure 3.6: A quantum well of width 2a and infinite barricr height or barrier height Va.
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3.4 Quantum well
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QW — graphische L6sung
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Figure 3.7: (a) The graphical approach to solving for the allowed modes in a finite quan-
tum well. (b) Typical solutions for the particle wavefunctions.
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QW — Anzahl der Losungen
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QW — AlAs/GaAs

ENERGY VERSUS 7

POSITION IN A | Conduction band
QUANTUM WELL quantum well
STRUCTURE oo oo

-
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Figure 3.8: Schematic of a quantum well and the sub-band levels. Note that in a semi-
conductor quantum well, one has a quantum well for the conduction band and one for the
valance band. Sub-bands are produced in the conduction band and the valence band. In
the infinite barrier model, the barriers are chosen to have an infinite potential, as shown.
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QW — Energie senkrecht zur z-Richtung

Parabolic two-
dimensional sub-bands
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Figure 3.9: Schematic of 2 quantum well and the subband levels. In the z-y plane the
subbands can be represented by parabolas. Note that in a semiconductor quantum well,
one has a quantum well for the conduction band and one for the valance band. Subbands
are produced in the conduction band and the valence band.
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QW - Energie
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Energie — Qantum Wire and Qauntum Dot
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Density of State (DOS)
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Figure 3.10: A schematic of the density of states in a 3D, guasi-2D, quasi-1D, and quasi.
0D system
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Spharischer QD
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Spharischer QD
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Spharischer QD — graphische Losung

3-dim, sphirischer Potentialtopf
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Graphische Losung des sphiirischen Potentialtopfs

a) Losungen gebundener Zustinde fur den 1= 0 Zustand und
b} Lasungen gebundener Zustinde fir den 1= 1 Zustand

L=0
(i) No bound staze
(i1) One bound state
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Spharischer QD
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Spharischer QD
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Spharischer QD
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Spharischer QD
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Spharischer QD

3-dim. sphanscher Potentialtopf
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Graphische Losung des sphirischen Potentialtopfs

a) Losungen gebundener Zustinde fur den | = 0 Zustand und
b) Losungen gebundener Zustinde fur den [ = 1 Zustand
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(i1) One bound state
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QWs — verspannte Strukturen

(a) Unstrained (b) Strained
(biaxial tension)

itension |
e ) z . "B e r= s
— - \E Table 4.1. Material Parameters
a Y g Parameters GaAs InAs InP
a e ) B g
’, ® X - a,(A) Lolli ce cous 5.6533 6.0584 5.8688
Ae . A au 1'8 f. (eV) e 5 O 1 1.424 0.36 1.344
i substrate Y : 6.85 20.4 495
e e 4;'\-..&)’ -~ . - . =
’ ’ 7: { O iy s ;'l 8.3 1.65
yy 2 " : 29 9.1 235
C,, (10"dyn /cm?) 11.879 8.329 10.11
s $ C,,(10"dyn /em?) 5.376 4.526 5.61
a=aqa. —a,(eV) 9.77 6.0 - 8.6
b (eV) o By 1.8 20
. ms/m, 0.067 0.025 0.077
Figure 4.7. A layer matenal with a lattice constant a
to be grown on a substrate with a lattice constanl a, & ) ly duoalaliy
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QWs — verspannte Strukturen
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QWs — verspannte Strukturen
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Figure 48. The energy-band structure in the momentum space for a bulk Ga,ln, ,As
material under (a) biaxial compression, (b) lattice-matched condition, and (c) biaxial tension for
diffcrent Ga mole fractions x. The heavy-hole band is sbove the light-hole band and its effective
miss in the transverse ptane (the & or k. direction) is lighter than that of the light-hole band in
the compressive strain case in (a). The light-hole band shifts above the heavy-hole band in the
casc of teasion in (c). (After Ref. 37.)
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Figure 4.9. The cnergy band gap of u bulk In,_ Ga, As vs. the Ga mole fraction x: » -
unstruined In, _ Ga, As; —, transition encrgics from the conduction band (C) to the hewvy-hole
(HH) and light-hole (LEH) bands for a bulk In,_ Ga As psewdomryphicaliy grovn on InP, -,
the conduction 10 light-hole transition energy culeulsted withaut the apin-orbit (SO7 spliz-off
tand coupling. (After Ref, J8.)
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