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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

9HSTFMG*afddab+ 

ISBN 978-952-60-5330-1 
ISBN 978-952-60-5331-8 (pdf) 
ISSN-L 1799-4934 
ISSN 1799-4934 
ISSN 1799-4942 (pdf) 
 
Aalto University 
School of Science 
Department of Applied Physics 
www.aalto.fi 

BUSINESS + 
ECONOMY 
 
ART + 
DESIGN + 
ARCHITECTURE 
 
SCIENCE + 
TECHNOLOGY 
 
CROSSOVER 
 
DOCTORAL 
DISSERTATIONS 

A
alto-D

D
 14

3
/2

013 

 

L
aura O

ikkonen 
A

tom
ic-scale defects in solar cell m

aterial C
uInSe

2  from
 hybrid-functional calculations 

A
alto

 U
n
ive

rsity 

Department of Applied Physics 

Atomic-scale defects in 
solar cell material CuInSe2  
from hybrid-functional 
calculations 

Laura Oikkonen 

DOCTORAL 
DISSERTATIONS 

Laura E Oikkonen, Maria G Ganchenkova, Ari P Seitsonen,
Rirsto M Nieminen

I Vacancies in CuInSe2: New insights from
hybrid-functional calculations. Journal of Physics:
Condensed Matter, 23, 422202, October 2011

II Redirecting focus in CuInSe2 defect studies towards
selenium-related defects. Physical Review B, 86,
165115, October 2012

III Mass transport in CuInSe2 from first principles.
Journal of Applied Physics, 113, 133510, April 2013

IV Formation, migration, and clustering of point
defects in CuInSe2 from first principles. Submitted to
Physical Review B, May 2013

V Effect of sodium incorporation into CuInSe2 from
first principles. Journal of Applied Physics, 114,
083503, August 2013

VI Formation, migration and clustering of point defects
in CuInSe2 from first principles. Journal of Physics:
Condensed Matter, 26, 34, 345501, August 2014

Ari P Seitsonen (UZH & ENS) CIS via DFT DPG Berlin, March 16th 2015 9 / 26



Method

Outline

1 CuIn(Ga)Se2 as solar cell material

2 Method

3 Results

4 Summary

Ari P Seitsonen (UZH & ENS) CIS via DFT DPG Berlin, March 16th 2015 10 / 26



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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