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Abstract
The positions of atoms for un-relaxed structure in a face-centered cubic heterostructure of conical and hemi-toroidal shapes are obtained by a numerical code
written in Fortran from Intel®Parallel Studio XE. The GaSb/GaAs quantum dot is
considered in simulations. The code may be used to introduce university students to
the problem of crystal symmetry in the solid state physics and Intel®Parallel Studio
XE Fortran programming platform. The code is available at:
https://github.com/tocheche/ICVL_Fortran
1. Introduction
Worldwide efforts to implement technology in support of learning are more intense than ever
due to the COVID-19 pandemic. Learning and teaching and in universities involves adapting
technology to allows students and teachers access education from anywhere and at any time. In
this context, physics is both the manufacturer and the user of technology constantly at the forefront
of society's progress. Use of the scientific software programs became the most important tool in
the scientific research today. As a result of this trend, the study of scientific software programs and
use in teaching plays an important role in physics and programming in universities.
Fortran, C++, Python, Julia, Java are programming languages used in science,
engineering, and economics in, for example, machine learning, data processing, statistics, image
processing, robotics. Such languages are used to create programs more specific to different
research domains. In physic, from a large list, for example, Comsol 1 (a program developed to solve
differential equations modeling physical processes) uses Java language, while WIEN2k2 (a
software which solves problems in solid state physics) is written in Fortran.
Since this paper is not intended to be a review, the use of programming in physics is
introduced by presenting of several works by the author related to programming, research in
physics and educational physics. Other several related works are also mentioned.
Thus, the elastic properties (strain field) of semiconductor quantum dots (QDs), ‘nano’
size semiconductor structures, are investigated. QDs of conical shape are studied within both
continuum elastic3 and atomistic model based on the valence force field method. 4 The atomistic
model is developed within a numerical code written in the Visual Fortran 5 from Compaq, while the
analytical results are checked with Mathematica.6 For the study of the core-shell QDs numerical
codes written in Fortran provided by both Compaq or Intel and also in Mathematica 7,8,9 are used.
The absorption and photoluminescence spectra of GaAs/AlAs and InAs/AlAs in semiconductor
QDs10,11,12, the intrinsic spin Hall conductivity in a two-dimensional electronic gas13,14,15, the
electron transfer reactions and relaxation of dissipative systems 16,17,18,19 are research topics where
the author obtained results by writing numerical codes in Fortran and using analytical and
graphical functions of Mathematica. Regarding the educational physics, in the study of dynamics
of a pulsejet engine in vertical motion in a uniform gravitational field without 20 and with drag21,22,
the probabilistic coin toss modeling23,24, the complex motion of a gravitational pendulum25 and the
heat transfer in a Puluj type experiment26, the author used Mathematica, Python, and C++ . From
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the large list of educational software programs we mention VPython27 which is often used for
animation and 3D representations.28
Under the C++, Fortran, Python programming languages, Intel created powerful
computing platforms.29 The main purpose of the paper is to introduce a program, written in Fortran
from Intel30, that is capable of designing semiconductor heterostructures QDs, a nano-structure
intensively studied in physics today. In the next section the algorithm and program are introduced,
in the third one some results are presented, and the last one encloses conclusions.
2. Algorithm and program
Zinc-blende structure is the generic name given to crystals in which the unit cell has two
different atoms; each type of atom is placed in a face-centered cubic (FCC) lattice and any atom is
located in the center of a regular tetrahedron which has in the four vertexes the other type of atom.
The program locates atoms in FCC symmetry for a QD embedded in a matrix. The QD is a hemitorus (HT) or cone which stands on a wetting layer (WL) and is embedded in a matrix (rectangular
box).
2.1 Algorithm
The QD heterostructure we study has two component materials, GaSb for QD and GaAs for
the matrix. Next, to describe the GaSb/GaAs QD heterostructure we name Ga as atom of type 1,
Sb as atom of type 2, and As as atom of type 3. The space position of the atoms in bulk zincblende structure is such as one of the two species of atoms (Ga or Sb, for example, in GaSb) is
translated relative to the other one by a quarter of the lattice constant, a, in each of the three
orthogonal directions of the xyz Cartesian system of coordinates. First, we observe that there are 4
representative families of planes parallel to the plane z  0 in the xyz system. We start with a one
face-centered square with side length equal to a and Ga atom placed in the origin of xyz Cartesian
system of coordinates. Then, in this family of planes the Ga atoms are located at
x  ma , y  na , x  a / 2  ma , y  a / 2  na , and z  pa
(1a)
with m, n, p integers. The second representative family of z planes for Ga atoms is translated
by x  x , y 
planes is given by
x  ma ,

y  a / 2 , and z  z  a / 2 ; the position of the Ga atoms in this family of z

y  a / 2  na , x  a / 2  ma , y  na , and z  a / 2  pa . (1b)
By the translations x  x  a / 4 , y  y  a / 4 , z  z  3a / 4 , from eq. (1a), we

obtain the positions of As atoms in the third representative family of z planes as
x  a / 4(4m  1) , y  a / 4(4n  1) , x  a / 4(4m  1) , y  a / 4(4n  1) ,
and

z  a / 4(4 p  3) .

(1c)
By the translations x  x  a / 4 , y  y  a / 4 , z  z  a / 4 , from eq. (1a), we
obtain the positions of As atoms in the fourth representative family of z planes as
x  a / 4(4m  1) , y  a / 4(4n  1) , x  a / 4(4m  3) , y  a / 4(4n  1) ,
and

z  a / 4(4 p  1) .
(1d)

2.2 Fortran numerical code
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In the code, the subroutine FCCbox gives the FCC atom coordinates of the two types of atoms
in a box of lattice constant equal to unity. Then, by multiplication of the coordinates of the atoms
in the box by the lattice constants of the two materials, a1 and a2, two FCC rectangular boxes for
the component materials, GaAs and GaSb, are generated. The subroutine ConeQD (or QDHTF)
generates the geometrical function for the Cone+WL (or HT+WL) shape and interrogates if the
atoms of box 1 are outside Cone+WL (or HT+WL) and the atoms of box 2 are inside Cone+WL
(or HT+WL). For example, the function shape in the subroutine ConeQD is written as
rho=dsqrt(x**2+y**2)
log1=(rho.le.(h-z)*Rc/h) .and.(z.le.h).and.(z.ge.0d0)
inside Cone
log2=((z.le.0d0).and.(z.ge.-WL))
inside WL
log=log1.or.log2
Cone+WL

!log1=true

for

(x,y,z)

!log2=true

for

(x,y,z)

(x,y,z)

inside

!log=true

for

where Rc is the base radius of the regular cone and h is the cone height. The function shape in
the subroutine QDHTF is written as
Rt1=Rt-Rq
Rt2=Rt+Rq
rho=dsqrt(x**2+y**2)
log1=((rho.ge.Rt1).and.(rho.le.Rt2).and.((rho- Rt)**2+z**2.le.Rq**2) &
.and.(z.ge.0d0))
! log1=true for (x,y,z) inside HT
log2=((z.le.0d0).and.(z.ge.-WL))
! log2=true for (x,y,z) inside WL
log=log1.or.log2
! log=true for (x,y,z) inside HT+WL
where Rt is the distance from the center of the tube to the center of the torus and Rq is the
radius of the tube. The subroutine HTWLB collects the coordinates of atoms located in the
QD+WL embedded in the matrix. The subroutine Cross_section collects the atoms located in a
layer parallel to the yz plane; the layer is centered on the origin of the xyz system and has an input
thickness. The Fortran code is available at: https://github.com/tocheche/ICVL_Fortran
3. Results
To visually feature the difference between the materials composing the heterostructure,
imaginary values are chosen for the lattice constants, a1=4.5Å and a2=6Å, instead of the realistic
ones a1=5.653Å for GaAs and a2=6.058Å for GaSb. Figures 1a, b shows the results obtained
from the code for GaSb HT QD and wetting layer in a GaAs matrix for an un-relaxed atomic
structure with Rt=30Å, Rq=13Å and the cross-section layer width equal to 12Å. Figures 1c, d
shows the results obtained with the same semiconductor materials for Cone+WL QD with
Rc=30Å, h=30Å, and the cross-section layer width equal to 12Å.
Fig. 1. Un-relaxed atomic structure of GaSb QD and wetting layer in a GaAs matrix: (a) 3D
simulation for hemi-torus QD; (b) 2D cross-section for hemi-torus QD; (c) 3D simulation for cone
QD; (d) 2D cross-section for cone QD. The width of cross-section parallel to the yz plane centered
on the origin of xyz Cartesian system of coordinates is 12Å.
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(a)

(c)

(b)

(d)

Conclusions
The Fortran code we presented designs the un-relaxed position of atoms in an QD+WL
embedded in a matrix for two QD shapes, cone and hemi-torus and. The code may be used in
teaching the symmetry in crystal heterostructures and introducing Fortran. By writing appropriate
subroutines it may be used to design practically any regular QD shape embedded in a matrix. The
results may be compared with the code written by the author in Mathematica for the same
problem.31 The code might be used in research as the beginning part in the study of elastic
properties of heterostructures QD by allowing the atoms to relax toward their equilibrium
positions.
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