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Cadmium selenide is a Il-1IV semiconductor compound with properties that are ideal for photovoltaic applications. This project explores the use of CdSe as buffer layer in CdTe/CdS solar
cells. A comprehensive study of CdSe was conducted using molecular dynamics simulations. The simulations consisted of the growth of CdSe by homoepitaxy (CdSe/CdSe) and
heteroepitaxy (CdSe/CdS). The best growth conditions of CdSe were also used to deposit CdSeTe with varying selenium composition on a CdS substrate. The results show that CdSe has the

lowest dislocation density.

Introduction

Over the past years, there has been a resurgence of interest in cadmium telluride (CdTe)
based solar cells for their ideal material properties for photovoltaic applications and low
manufacturing cost. CdTe/CdS solar cells have a maximum theoretical energy conversion
efficiency of approximately 30%. However, this limit has never been achieved in practice
due to issues related to the material system. One of them is the considerable strain at the
interface between the two layers due to the difference in atomic spacing between the two
materials.

Cadmium selenide was explored as a buffer layer to reduce the lattice mismatch between
CdTe and CdS. The deposition of CdSe on a (001) substrate plane was simulated using the
molecular dynamics method. This method also allows an evaluation of the defects in the
film deposited.

Molecular Dynamics Simulation

Molecular dynamics simulation (MD) is a computational method widely used in materials
research. It allows scientists to simulate particle interaction in a system under various
conditions over a defined period of time. This simulation was run using a bond order
potential that models with high accuracy the interactions between chemical elements of
group Il and VI. It also serves to predict crystallographic defects in the structure of the film
grown.

The MD simulation code used in this project is the Large-scale Atomic/Molecular Massively
Parallel Simulator (LAMMPS) which is a program designed to run on high performance
computers. The LAMMPS allows to simulate large systems of particles.

Results

Homoepitaxial Growth
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Fig 1 : Growth of CdSe/CdSe

Heteroepitaxial Growth
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Lattice Structure Analysis
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Conclusion

* Homoepitaxy
* Crystal growth was achieved at all temperatures
* Zinc blende crystal structure was found in all cases
* Only point defects were found in all cases
* Heteroepitaxy
* Single-crystal zinc blende at: 1300 K, 1400 K and 1500 K
* Polytypism (zinc blende and wurtzite) at: 1600 K and 1700 K
* Point defects observed in all cases — as expected
* Alloy
* (CdSe buffer layer has the lowest defect density
* Future work
 Grow acadmium telluride layer on top of CdSe/CdS

Acknowledgements

would like to thank my mentors Dr. David Zubia, Dr. Jose Chavez (DOE award DE-
EEO005958) and Rudy Aguirre for their help and guidance. | also want to thank the E3S
staff, especially Ms. Lea Marlor. My gratitude goes to the UT System LSAMP Director Dr.
Benjamin Flores and the Assistant Director Ariana Aciero-Pino (NSF LSAMP award HRD-
1202008) for their support and advices. | would also like to acknowledge XSEDE (NSF award
OCI-1053575) and the UTEP Virgo Cluster (NSF award CNS-1059430) for use of their
computer clusters.
This work was funded by the NSF Award EECS 0939514.



