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I'Single quantum well
2 Multiple quantum wells (MQWs)
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2 Coulomb-correlated electron-hole pair
3 Exciton Bohr radius
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! Mixed states

2 Split off band hole

3 quantum well waveguides
4 Infrared detectors

5> Spin dependent transport
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! Green functions

2 Orthogonal basis functions

3 Non-Orthogonal basis functions
4 Effective mass
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! Effective mass approximation

2 Envelop function approximation

3 Bloch oscillations

4 Pseudopotential approximation

3 Full potetial
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7 Hybrid methods

8 Dynamical Density Matrix Reno9rmalization Group (DDMRG)
° Low dimensional many body systems

10°Spectral function

' Angle resolved photoemission spectroscopy

2 ALPS project (Algorithms and Libraries for Physics Simulations), alps.comp-phys.org
13 Quantum Monte Carlo

14 Exact diagonalization

V1



Ctt aoliyy Lo VYo oo 5o alleg pl j0 0,5 o )18 Con 0,90 bguno job 4 oy slo Juad

Sged 5o Jlte Glae a0l il (e o JB S 5 (Lo sy o5 (Dl
Tod 4z sl Alims g azis o W Gl ke sl 0,8 50 il b L5 Yymne SandS
s Aolan o 4 byt e L5 08 o £y %00 b Jreslly K oy S
33 bl e o b o job & 358 i sati S c¥skee & ipilasla b 5 55
Oy S b LT sl sl 0,8 SO 50950 dlalae a5 lobeaily slas 55 sagiilss Sl
el e 90 Jemily cdinz 55 0,5 @ by jo sy s e w0l w2l > BB Ll
il 15 00,5 o lsbo alts o8 5l 0gd ity Lad slal b g )5 olaas 28y . - Loy
So ST e gl el ol3T Sl o o381 09 0 M S e 6)leie cels oy oS
oS o0 Ly ujge ey el (il @b 5l a8 o0 250 Sl 50 sl oSN s
o@g_é_?:\_lalMGNl_gL').';Hc\_laLmJ)61)_3.\;.%6@(:[.?;;1..\3.3@)0&;5?90.5)5
wd S I o Sloyd Sl i cegiilsS Sl )0 (gl 0y  Jlus () (6l etz se
Sl o Dled b opl Al 0gh (00 0,0 10 4 by e Sglsle (ilulaz 4 omie a5 090 (s
=3 o2 PeelS B,k 3l g s b al SS L (> 8 )lge 5l 6k 5o 5 aitees sl Lol
Sl o)d o sl i (o) 2 12 09790 (Slowle (Slady) 090 > 1) J1a3 0 550 aline 09l
J=e 2oy po 1) 095 o owl (nl 5l (pdm aidly (o g3g050 (T3 lime slo ol Iyl 58
S35k s, ol slams S ey T IS onl als T hgie (e 4L

LS Cige g, d(s09-5lsS g (S JoSUge Salins i, sh0,5 e, 580

! Poschel-Teller

2 Mean field theory

3 Density functional theory

4 Renormalization group method
> Exact diagonalization

¢ Variational method

7 Molecular dynamics
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I Monte Carlo

2 Genetic algorithm

3 Continuum method

4 Ab initio

>Classical Atomistic simulations
¢ Discritization methods
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! Biased Genetic-Monte Carlo-Variational(BGMV)
2 Kirkner

3 Lent

4 electron waveguide

3 Frensley

¢ heterostructure tunnel devices
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2 Fitness function
3 Natural Selection
4 Holland

5 Goldberg

¢ Local minima

7 Local optimum
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! Crystal growth

2 Chaos Controlling

3 Partition function evaluation
4 Force fields parameterization
3 Structure optimization

¢ Powder diffraction data

7 Hamiltonian Diagonalization
8 Schrodinger equations solution
° Binary GA

10 Empirical GA

' Ab initio GA

12 Tight binding GA

13 Density functional GA

14 Neural networks

15 Real code GA
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2 Chromosome
3 Evaluation
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5 Encoding

6 Mutation

7 Fitness
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Computational algonthm of the Siased Genetic Monte Carlo Variational method (BGMV) has
been implemented in this work.

-  Use Vegard law to estimate the parameters like effective mass of the well with the doping

fraction x.
E % m E
—= | =cos{+—=—=:L
v 2h-

2-  Find the roots of the equations: to find E; and E..

4
R
v, o

3- Find the wave vectors K, k., K; and k; by continuity of f, and f; and first denivatives at

cos( K z_), :,l-:: Li2
mterface where,fr f_.'_',} = =) and we have similar function for
Ae |:,‘<L.-"2.

hole.

4-  Create an N*3 matrix for the mital population using a uniform random number generator
between () and 1 fora, b and Lambda in the tnal wave function which ™ 15 the number of
members n the population.

5« Find the E= (W|H|w) for each member of the population using Monte Carlo integration

scheme because it s enough flexible to be generalized to more dmensions and more
number of degrees of freedom. Then store these values in a one dimensional array.

G-  Sort the energies obtained from previous step.

- Retain 'elitist’ percent of lowest energies for the next generation.

B- Generate 'epsilon_percent’ of the next generation by the following method: define an
mfinitesimal value 'epsilon’ and generate 'epsilon_percent’ of the next population by
adding and subtracting of the 'epsilon’ to the 'elitists’.

8- Generate 'mutprob’ percent of the population by the mutation.

| 0= Generate the remaining number of the population by the crossover.

| 1- Find the E=(I_.£J|H|r_.£.-') for new members of the population.

| 2= Merge new members and old ones to have a population with relative energies in an
mcreasing order.

13- Goto step 7 until the termination critena satisfy.

[4- ¥ou may reset the seed of the random generator for reproductively or you may use
averaging over some repetitions of the GA procedure in a new loop

| 5- Pnnt the results
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‘As far as the laws of mathematics refer to reality, they are not
certain; and as far as they are certain, they do not refer to reality.’

- Albert Einstein, "Geometry and Experience", January 27, 1921
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The underlying physical laws necessary for the mathematical theory of a large part of physics
and the whole of chemistry are thus completely known, and the difficulty is only that the exact
solution of these laws leads to equations much too complicated to be soluble.
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Angstrom=pow(10,-10);
[[****  computational quantities
Giter=100

Num_mesh_ze=10;
Num_mesh_zh=10;
Num_mesh_rho=10;
desendentnummber=100
desendentnummber1=100
paradim=1000;

mutprob=40

mutprob_by rand=0
elitisismpercent=10
epsilonpercent=0;
epsilondevision=10;
averaging_energy_number=1
[[**** geometrical parameters
rhomin=0.5* Angstrom
rolimit=2*pow(10,1)

L=60 *Angstrom;

L1=-L/2;

Lb=3000*Angstrom
tunel_to_infinity =1
mintunnelacc=pow(10,-25
x=float(0.3)

Egapl1=1.5196

Egap2=1.1
Vconfze=10*pow(10,-3)
Vconfzh=(Egapl-Egap2)-Vconfze;

printwavefunction=1;

A



devisionplot=50

cross_sections=5

[[******* magnetic filed application data
double Bmin=0

Bmax=30

binterval=2

[[FrFFFFFxEX - constant physical paramaters in gausian unites
/ISI

pi=3.14159265358979328;
m0=9.10938188*pow(10,-31);
hbar=1.05457266*pow(10,-34);
€=2.99792458*pow(10,8);
e=1.6021773*pow(10,-19)
epsilon00=8.854187818*pow(10,-12);
//Gausian
mO0_G=9.1093897*pow(10,-28);
hbar_G= 1.05457266*pow(10,-27);
c_G=29979245800;
e_G=4.8032068*pow(10,-10);
epsilon00_G= 1;

[[FrFxFxExER - material parameters
01=6.98;

g2=2.06;

mel1=0.067*m0;
epsilon01=12.5*epsilon00;
011=13.4,

g22=4.7;

me2=0.042*m0;
epsilon02=15.7*epsilon00;
[[FFFFFFIFIRXR hisections root finding parameters
JMAXtot 40

xacc=pow(10,-10);
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Abstract

In this dissertation, electronic, optical and magnetic properties of nanostructures based
on IlI-V group semiconductors have been studied by some computational methods.
This investigation haven been done by Monte Carlo method, hybrid genetic
algorithm-Monte Carlo-variational method, biased genetic algorithm-Monte Carlo-
variational method (combination with extrapolation method), finite difference
method, transfer matrix method, quantum transmitting boundary method, temperature
dependent spin density functional theory and self consistent six band K.P method. In
chapters two and three of this thesis, the algorithm of the hybrid methods have been
described. In the chapter four, optical properties of GaAlo.7Aso.3/GaAs and GaN/AIN
multiple quantum wells with constant total effective length have been investigated by
means of the compact density matrix method. The effect of the magnetic field on
optical properties and oscillator strength of these systems were also studied. In the
chapter five, miniband formation procedure for constant total length GaN/AIN
superlattices have been investigated by using of the finite difference and transfer
matrix methods. Then, spin up and down transmission coefficients and spin
polarization of the GaAlo7Aso3/GaAs multiple quantum wells in the presence of the
Dresselhaus spin orbit interaction have also been calculated. In the chapter six, the
behavior of a two dimensional electron gas confined within GaAlo7Aso3/GaAs
multiple quantum wells have been studied. Moreover In this chapter spin polarization
of a two dimensional hole gas confined within GaAlo7As0.3/GaAs/GaMnAs guantum
wells has also been investigated by means of a self consistent six band K.P method.

Keywords:

Semiconductor nanostructures, 1lI-V group semiconductors, computational hybrid
methods, finite difference method, transfer matrix method, quantum transmitting
boundary method, temperature dependent spin density functional theory and self
consistent six band K.P method, spin polarization, two dimensional electron gas, two
dimensional hole gas.
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