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ABSTRACT

This thesis theoretically investigates the electronic structures and opticalsproperties of
InAs/GaAs self-assembled quantum dots under external electric fields byusing six-band
Luttinger-Kohn k-p theory. First, the single-particle (conduction electron or valence hole)
spectra of box, pyramid,.and truncated-pyramid shaped quantum dots are calculated by using
finite difference method.The:strain distributions in-and out of dots.are computed by using
finite element software package.Comsol multiphysics® . Based.on the single particle spectra,
optical polarization degree©f the ground states of an exciton photo-generated in a quantum
dot is calculated by using Fermi’s golden.rule. The strain calculations show that the effective
confining potential for heavy-hole'in a strained-dot+is governed by out-of-plane strain while
the one for light-hole by in-plane strain. The theoretical results show that, compared with box
and truncated-pyramid shaped dots, heavy- and light-hole coupling is significantly increased
in a pyramid-shaped dot because of larger hydrostatic strain (smaller bi-axial strain) in the
narrow upper region of the nano-pyramid. With more light-hole component, larger optical
polarization degree is observed for high pyramid-shped dots. Furthermore, the light-hole
component in a hole ground state can be significantly changed by applying an external
electric field along the growth-axis. As a result, it is found that the stark effect could increases
the polarization degree of a high pyramid dot by 5% by applying an electric field up to 200
KeV/cm.
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(2.2.8)

(2.2.9)

Y h A Bl 2R



[ U (7) u (7)d* s =av
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Q)

g % d3/2,1/2 (é)=
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b2 )t = P 0)e” P
T oo

f€10)

2

f|C,—1/2>

)2 (0)eos01g e

flc 1/2>

% pcv (6)Sln ee—igﬁ <gi:,1/2

J% Po,(0)sin e (g;

18



2
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Vi (F) =P, -Q,

AE,,, (F)=AE, +V,3i"(T) (3.2.2)
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PE A B e R # kA
strain (&) __
Vi (r)——P£+Qg

K- P it ¥ sl b o % okt

(3.2.3)
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Bﬁ»& D

% D.1~ InAs/GaAs +# % #[4,7]

Quantity Unit InAs GaAs
Lattice constant a nm 0.6055 0.565
Energy gap E, eV 0.413 1.518
CB edge E, eV -6.207 -5.289
VB edge E, eV -6.620 -6.807
Spin-orbit coupling energy 0.34
CB effective mas 0.0665
Luttinger paral 6.85
Luttinger paramet 2.1
Luttinger parametel 2.9
CB hydrostatic def. po -8.013
VB hydrostatic def. pot 1.16
VB shear def. pot. [100] b eV -1.8 -1.824
VB shear def. pot. [111] d eV -3.6 -5.062
Elastic compliance Cu GPa 83.3 118.8
Elastic compliance Cp, GPa 453 53.8
Elastic compliance Cu GPa 39.6 59.4

100



