Author’s Accepted Manuscript

-1779 (online)
-2449 (print)

Modern

Study of optimization options for second generation Electronic
Materials

solar cell materials by multilevel modeling

Dmitry N. Krasikov, Andrey A. Knizhnik, Andrey
V. Gavrikov, Boris V. Potapkin

www.elsevier.comvlocate/moem

PII: S2452-1779(16)30086-X
DOI: http://dx.doi.org/10.1016/j.moem.2016.12.003
Reference: MOEM42

To appear in:  Modern Electronic Materials

Received date: 20 October 2016
Accepted date: 7 December 2016

Cite this article as: Dmitry N. Krasikov, Andrey A. Knizhnik, Andrey V.
Gavrikov and Boris V. Potapkin, Study of optimization options for seconc
generation solar cell materials by multilevel modeling, Modern Electroni
Materials, http://dx.doi.org/10.1016/j.moem.2016.12.003

This is a PDF file of an unedited manuscript that has been accepted fo
publication. As a service to our customers we are providing this early version o
the manuscript. The manuscript will undergo copyediting, typesetting, an
review of the resulting galley proof before it is published in its final citable forn
Please note that during the production process errors may be discovered whic
could affect the content, and all legal disclaimers that apply to the journal pertain


http://www.elsevier.com/locate/moem
http://dx.doi.org/10.1016/j.moem.2016.12.003
http://dx.doi.org/10.1016/j.moem.2016.12.003

Study of optimization options for second generation solar cell materials by multilevel modeling

Dmitry N. Krasikov®, Andrey A. Knizhnik™*", Andrey V. Gavrikov®, Boris V. Potapkin®?
IKintech Lab Ltd., 1 Academician Kurchatov Sq., Moscow 123182, Russia

’National Research Centre (NRC «Kurchatov Institute»), 1 Academician Kurchatov Sq., Moscow 123182,
Russia

krasikov@kintechlab.com
knizhnik@kintechlab.com
potapkin@kintechlab.com

*Corresponding author at: Kintech Lab Ltd., 1 Academician Kurchatov Sq., Moscow 123182, Russia.

Abstract

Theoretical analysis of optimization options for the properties of CdTe absorber layer is an important
task for increasing the efficiency of CdTe/CdS heterojunction based thin-film solar cells. Properties of the
materials (e.g. the density of free carriers) often depend essentially on the parameters of the deposition
process and subsequent treatment which determine the defect composition of the material. In this work
a model based on the lattice kinetic Monte-Carlo method is developed to describe the process of CdTe
deposition as a function of temperature and Cd and Te fluxes. To determine the effect of the treatment
conditions on CdTe conductivity, we developed a quasichemical model based on the electrical neutrality
equation for point defect concentrations that are described by defect formation reaction constants.
Parameters obtained from the first-principles density functional calculations were used for developing
the models. The developed deposition model correctly describes the transition from evaporation to
precipitation as well as the increased evaporation rates in excess of Cd. To explain the observed
electrical properties of CdTe after Cl-treatment, we complemented the quasichemical defect model by a
deep acceptor complex defect that allowed us to describe both the high-temperature dependence of
conductivity on the Cd pressure and the dependence of resistivity on Cl concentration at room
temperature.
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Introduction

Thin film solar cells based on CdTe/CdS heterojunction have reached a lab efficiency of 19.6% which is
comparable with the competing technologies based on silicon thin films in CulnGaSe [1]. There is
however a significant gap between the efficiency of even the best lab specimens and the theoretical
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