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Abstract— In this work, we analyzed the interactions between
copper and selenium (Cu-Se) atoms in the second stage of a coevaporation growth process of copper indium gallium diselenide
(CIGS) material, through computational simulation. To achieve
this conditions, we used Molecular Dynamics method (MD) via the
open access code LAMMPS, reproducing the thermodynamic
phenomena occurring in the deposition process. We built different
models in concordance to the information found in repositories for
the interatomic Morse potential between Cu and Se. As a part of
results, we obtained 24 samples of interactions, with different
temperatures and cutoff radius. We found that the improvement
of the Cu-Se interactions occurred at values of 2.5 cutoff radius
and 550 K temperature, since it was observed a more stable
interaction at the interface.
Keywords— Cu-Se interactions, Deposition process by coevaporation, Molecular Dynamics Simulation.

Otherwise, the experimental research to improve the
properties of CIGS is not the unique investigation line under
development, but also the computational modeling methods that
are demonstrated their effectiveness in the study of other
semiconductor material systems. [5], [6]. Such is the case of
Molecular Dynamics, which, as its name indicates, is a type of
computational simulation that allows us to analyze the dynamics
of a system over the time, calculating the forces of the atoms
using Newton's equations of motion.
Molecular dynamics is able to reproduce on a micro or nano
scale, the structural behavior of an atomic/molecular system
given by the interactions between atoms of the same or different
nature, and repeat the process several timesteps to obtain the
positions of the elements. A computational flow diagram
process used in this investigation is described in [Fig. 1].

I. INTRODUCTION
In recent years, thin film technology has demonstrated a high
capacity to produce solar cells with higher efficiencies and with
improved properties compared to crystalline silicon cells. This
type of cells are made up of layers of different semiconductor
materials that act as the active region; among the best known are
those based on cadmium telluride (CdTe) and copper indium
gallium diselenide [Cu(In1-xGax)Se2] also known as CIGS. This
material have become one of the most promising semiconductor
compounds for the production of efficient solar cells. The
discrepancy in efficiency of CIGS solar cells lies in the
compound concentrations, and the thickness of the absorbent
layer. Currently, CIGS cells have been produced with a record
efficiency of 23.4% [1], [2]. Nonetheless, the research to
optimize the properties of this material is still in progress, by the
aid of computational tools that have already proven their
effectiveness for other materials.
CIGS solar cells have been studied extensively, due to their
significant properties, e.g. a high absorption coefficient, high
temperature stability, and are low-cost compared to other
semiconductor materials [3]. The CIGS solar cell structure
consists of a) a Mo layer (as bottom contact), b) CIGS absorber
layer as p-type film, c) CdS as window layer (facilitate the
electrical transition from CIGS to top electrical contact), and d)
transparent Al doped ZnO contact [4].
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Figure 1. Computational flow diagram process.

Moreover, it is important to note that this simulation is based
on a co-evaporation growth process, in its second stage. This
process is one of the most promising technique currently used to
obtained CIGS layers [7]. The second stage consist in an
evaporation of Cu and Se around the substrate [8]. The election
of the temperature (550 K) corresponds to the computational
time to execute the simulation. Ga and In were not considered
because their interaction have been investigated previously
[5,9]. This part of the process is of great relevance for a complete
simulation due to there is not enough information about how the
interactions between Cu-Se atoms influence the growth
conditions.
In order to find better conditions for the growth process,
several simulations have been carried out for the interactions of
the selenium flux on a copper substrate. The simulations are
directly affected by the interatomic potential, which vary in
relation to the cut-off radius, as well as the thermodynamic
conditions.
II. METODOLOGY
A. Simulation configuration
The 24 simulations were developed with the method of
molecular dynamics using the open-source LAMMPS code.
Furthermore, we visualized the results with the open-source
software OVITO, using the “create bonds” modifier for the
analysis of the interactions between Cu-Se atoms.

Figure 2. General process of the deposit of Se (blue) on the Cu (red)
buffer layer.

B. Hybrid interatomic potential
Although there is no interatomic potential for CIGS, there are
some theoretical approximations [10], [11], we used the
hybrid/overlay form in LAMMPS to declare all the interactions
between Cu- Cu, Se-Se and Cu-Se atoms, supported by Cumeam potential [12], Cd-Te-Zn-Se-Hg-O Stillinger-Weber
potential [13], and Morse potential [14], respectively. This
series of potentials, with different styles and compatibility,
guarantee all the free interactions between Cu-Se atoms,
benefiting their study.
C. System geometry
The system geometry consists on a Cu buffer layer with a
54.15 Å in x and y direction, and a thickness in the z direction
of 10.83 Å corresponding to a group of seven monolayers
(3,150 atoms). [Fig. 2]. To set all the correct simulation
characteristics, the Cu buffer layer was divided into three
regions: A) bottom fixed layer, which consist of two layers at
the bottom substrate to avoid the incident energy of the
adatoms, since these particles transfer momentum to the
superficial atoms of the substrate. B) a middle thermal region
represents the buffer layer’sthermal control through a NoséHoover algorithm implemented by the canonical NVT
ensemble, where the number of atoms, the volume, and the
temperature are considered constants [15]. The temperature
was set between 325K to 550 K.
This process of interaction at the surface of the Cu buffer
layer can be observed in Figure 3, showing the bonds of a CuSe junction.The incident ratio of Se atoms was set to 3.28 Å/ps
in the negative z direction, based on the range of temperatures
using in the thermal control process.

Figure 3. . Cu-Se interactions at surface. Velocity @550 K, cutoff: 2.5
Å, 20k time steps. Blue and rose spheres represent Selenium and cupper
atoms respectively.

D. Boundary conditions
For the simulation conditions, periodic boundary conditions
in were set in x and y directions; nevertheless, in z direction a
non-periodic boundary condition was established to achieve
the free interaction process between the superficial Cu atoms
and the Se ejected atoms.
A. Morse interatomic potential
As we anticipated in the hybrid interatomic potential section,
the computation of pairwise interactions between Cu and Se
atoms follow the Morse potential style which is a classic pair
potential applied as model for the potential energy of a
molecule and has the same behavior as the Lennard Jones
potential (LJ). Each has a pair of repulsion and attraction

potentials; two adjustable parameters and they are generally
used in packed crystal structures. [ 16]
However, the morse potential has a higher precision in the
cases of approximation of the potential energy of a diatomic
molecule. In addition, it is widely used in the simulation of
molecular dynamics of some metals such as copper [17,18], or
in the simulation of molecular dynamics of structures joined
by covalent bonds. Furthermore, we selected this form of
potential to describe the Cu-Se interactions, considering that it
is use for diatomic molecules and interactions between the
atoms and surfaces.
The Morse potential [14] is described by the equation below:
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Table 1. Conditions for the simulation of the interaction process
Sample
1

Finally, the cutoff radio rc will be considered as one of the
variables to study in this work in order to clarify whether the
cutting distance is the necessary to calculate the total interaction
of the Morse potential selected. In addition, the cutting
distances have been seen as an influence on the interfacial
properties (since the boundary conditions must lead to
obtaining a finite potential energy in a range of r < rc) [19]
III. RESULTS
Several simulations were performed for the interactions of a
selenium flux on a copper buffer layer according to
experimental studies about these phenomena [20], [21], [22], as
is described in Table 1. The simulations varied in relation to the
cutoff radius for the calculation of the interactions, as well as
some variations in the simulation were considered as a function
of the energy (temperature) of the atoms [Fig 4].
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Where D0 is the dissociation energy,α is a control factor to
modify the “width” of the potential, r is the internuclear
distance between atoms, and r0 is the equilibrium bond
distance.

Cutoff (Å)

550
325
4.0
550

Improvement results were expected with a cutoff radius (rcut)
close to 2.5 Å since it is considered the standard for LJ
interactions. We worked around this data to obtain several
results, with variations of 0.3 Å, and to visualize the effect that
these produced in the simulations. The results indicate that, at
asmaller cut-off radius, in the range of 1 to 2.2 Å, the selenium
atoms come into contact with deeper layers in the copper
substrate, which deforms the structure of the copper substrate
[Fig. 5].

Figure 4. Representation of the cut off radius for Se atoms.

For the cutoff radius of 2.5 and the velocity depending of the
550 K temperature given by the thermal control, we observed
an optimized Cu-Se interaction, analyzed through the bonds
OVITO modifier. This reciprocal influence between these two
different species of atoms was more stable during the time
evolution at the interface, and this was possible because around
this cutoff value exist a stronger covalent interaction. Opposite
to this state, a radius value less than r0, could mean a weak
covalent representation and a disruption into the Cu structure.
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Figure 5. Se evaporation on Cu buffer layer at different rcut, a) 1 Å, b)
1.6 Å, c) 2.5 Å and d) 3.4 Å. With 20 k time steps.
IV. CONCLUSIONS

We developed a series of simulation of Cu-Se interactions
process using Molecular Dynamics methods. As a first
approximation, we used the hybrid/overlay configuration to
make possible the combination of interatomic potentials for the
Cu-Cu and Se-Se interactions. Additionally, we specified
conditions for the Cu-Se interatomic description through Morse
potential. Moreover, we varied the velocity (depending on the
control temperature) and the cutoff radius. We observed that
better results were achieved when the temperature was set at 550
K and the cutoff was around 2.5 Å. These results are according
with other theoretical results and experimental Cu-Se
interactions studies.
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