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Finite difference method for calculation of electronic
structure of semiconductor quantum dots

Student : Chih-Hao Ku Advisor : Shun-Jen Cheng

Department of Electrophysics

National Chiao Tung University

ABSTRACT

We present finite difference method simulation for the electronic
structures of semiconductor-quantum dots in the framework of multi-band
k-p theory and envelope function approximation (EFA). By using the
numerical techniques, the electronic structures of three kinds of quantum
dots, i.e. hierarchical quantum dots[17], droplet epitaxy quantum dots[18]
and InAs/GaAs self-assembled quantum dots[19] are computed. In the
three-dimensional finite difference method with uniform grids, it is found
that more than 70 gridsin.a dimension is necessary to get satisfactory
convergence consequences. With.the grid.number, the numerical time
more than 15 hours and 15GB'RAM size are needed to execute a code on
a machine of CPU 2.27GHz and linux O.S..

Among the three types of quantum dots under consideration, the
hierarchical quantum dots have greater sizes than others with height
~7nm and length ~ 70nm. As a result, the lateral quantization of
hierarchical quantum dots is about 5meV for an electron and about
1.5meV for a valence hole. For droplet epitaxy quantum dots, whose
heights are close to the hierarchical quantum dots but lengths are smaller,
the quantization energy are about 10meV for a conduction electron and
about 3meV for a valance hole. Self-assembled quantum dots usually
have the smallest sizes than others. It turns out that the quantization is
about 70meV for a conduction electron and about 25meV for a valance
hole confined in a self-assembled dot.
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0 0 -i-3V2y,
—i-2By, i-3V2y, 0

0 0 -i -6y,
0 0 0
i-/6, 0 0 |
0 V6, - 0 |

0 0 32y,
23y, 8\2y; | 0

0 0 /6y,

0 0 0
67— 0 0

(2.2.19)

(2.2.20)

(2.2.21)



2.3 # # i712x (Envelope function approximation)

B - By LR b o Bl D V() ALd £ F 8L
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W= Gin(F) U, (F) (2.3.1)
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FiE T R3¢
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H, .(p/%;T)=6,()5,, + ZZb“ﬂ 005 +Vin(F) (2.3.2)

_,1:_1 T} en(r)l;;"?VQD(r)q}g Fﬁg ’ ;%%hﬁ-g 4 ml“' Hb b"i}i':‘g_% ,‘g‘

‘c"aﬁ(r)—ﬁ i °’f§3%@fﬁ» & T E T L #(2.2.1)(2.2.3)~(2.2.4)~(2.2.5) ~
(2.2.6) ~ (2.2.7)30 ¥ chk & 34k & P/h o b is@p|Apatsd
+ Bherie * ch% 22T € Hamiltonian -
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i R = o

AL / 1 d Be A Ve
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Hd > mn=%423:6 e (F) 5 db B 77550 5 4o(2.3.5)
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o b o o o o
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O O O O o o

> o o o o o
L 1
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F$~(2221)5%4pk o BEARE IR FEFEF S A A
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0 37, 0 (e
(71_272) 0 0 \ |
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|0 0 0 i243y
A i
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_bXX ' I '
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—p* , ‘ I
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—p¥ ' I '
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—p¥ , ' I
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b . . .
4A;n(nAy ng=n-Ln =ng+ln,=n,
- Xy
Honnsaeniis = bmn n'=n+4n,'=n<1n '=n, (3.2.20)
4AXAY y Ty
_be : I l
4Axr2y nx :nx +1lny :ny +1,FIZ :nZ
_p” . . |
4AynZZ nc=n,n,'=n -Ln'=n -1
yz
h nx|:nx'n '=n _1,nz‘:nz+1
4AyAz y T
yz
bmn nX‘:nX’ny':ny-"l!nZ':nZ*l
4AyAZ
—p¥ : I '
_bXZ ' I '
Xz
b¢ nx‘:nx_lin':nynz‘:nz‘Fl
4AXAZ y ~
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4AXAZ y =
_bXZ ‘ I '
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irdid b A B3V UBEIRRE ;‘i‘_',"i‘ﬁg’."ﬁ REW SIS 5 PR
’ 2 2, = 2, 2 e, 222 » s — . ’E’ 7‘? , 2 - :’
i Bl PR B e e R R [ T L F R A S A

A% B B eo Hamiltonian - #7027 & # * = i 3 $27) 0 Hamiltonian
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WA PR 3

# A1 InAs/GaAs 1 # 4 #[8,14]

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 A, eV 0.38 0.34

CB effective mass m’ m, 0.05 0.0665
Luttinger parameter A 19.7 6.85
Luttinger parameter 2 8.4 2.1
Luttinger parameter Vs 9.3 2.9

CB hydrostatic def. pot a, eV -5.08 -8.013
VB hydrostatic def. pot a, eV 1.00 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 C.. GPa 83.3 118.8
Elastic compliance Cs GPa 45.3 53.8
Elastic compliance C, GPa 39.6 59.4

m,spd T+ g e
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% A2 G&AS/A|0.4sGaol55AS ’H‘ 7}—' 5}&[8,21]

Quantity Unit GaAs Alg 415Gags5AS
Lattice constant a nm 0.565 0.565
Energy gap E, eV 1.518 2.140
CB edge E, eV -5.289 -4.8815
VB edge E, eV -6.807 -7.0215
CB effective mass m" m, 0.0665 0.1039
Luttinger parameter V4 6.85
Luttinger parameter 7, 2.1
Luttinger parameter Vs 2.9
% A3 GaAS/A|o,35Gao,55AS 5L 2}@3:[8,22]
Quantity Unit GaAs Alg35Gag e5AS
Lattice constant a nm 0.565 0.565
Energy gap E, eV 1.518 2.0224
CB edge E, eV -5.289 -4.9872
VB edge E, eV -6.807 -7.0082
CB effective mass m- m, 0.0665 0.096
Luttinger parameter VA 6.85
Luttinger parameter |2 2.1
Luttinger parameter /s 2.9
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