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CuIn(Ga)Se2 as solar cell material Motivation

CIGS

Material with direct band gap used in thin-film solar cells

Used in photo-voltaics: Generation of electron-hole pairs that are
separated and collected

High efficiency, > 20% demonstrated

Band gap can be tuned from 1.0 (CIS) to 1.7 eV (CGS)
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CIGS: Commercialisation
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CuIn(Ga)Se2 as solar cell material Motivation

CIGS: Computational modelling of defects

Defects always present; affect properties of host material

Point defects: Vacancies, inter-stitials, anti-sites

Impurities, grain boundaries, . . .

Our goal: Modelling of point defects and Na impurity in order to
support and understand experimental results

Density functional theory calculations
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CIS: PhD thesis of Laura Oikkonen
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Method

Method: Density Functional Theory

DFT-hybrid functionals
(HSE06)

Supercells with 32-144 atoms
(GGA up to 512)

Finite-size scaling
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Results Intrinsic defects

CIS: Formation energy of defects
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Results Intrinsic defects

CIS: Formation energy of vacancies

Formation energies depend on chemical potential of
electrons and ions

id est preparation conditions of sample
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Results Intrinsic defects

CIS: Binding/interaction energy of defects
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Results Intrinsic defects

CIS: Migration of defects
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Results Na impurity

CIS+Na: Formation energy of defects
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Results Na impurity

CIS+Na: Binding/interaction energy of defects
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Results Na impurity

CIS+Na: Migration of defects

Barrier for NaCu − VCu ↔ VCu − NaCu lower than for diffusion of VCu

⇒ Trapping of Cu vacancies by Na
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Summary

Summary

DFT-hybrid functional
calculations

Point defects: Se-related
defects most relevant due to
states in gap

Clustering, migration of
defects investigated

Na impurity traps Cu
vacancies

Things not shown (because
not yet done): Grain
boundaries, electric fields,
interfaces, ...
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Supporting

CIS: Selenium vacancy
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Supporting

CIS: Band structures
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Supporting

CIS: Finite-size scaling
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Supporting

CIS: Comparison of defect formation energies
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Supporting

CIS+Na: Band structures
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