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Decrease of a and c for CuGaSe2 and almost no 
decrease for CuInSe2, with increasing Cu‐deficit! 

   Hint for the presence of different point   
   defects! 

MoƟvaƟon 
high efficient thin film solar cells exhibit in 

general an off stoichiometric composiƟon 

deviaƟon from stoichiometry always 
causes structural inhomogeneiƟes and 
charge mismatches, which influence the 
properƟes of a material 

electronic, opƟcal and theoreƟcal defect 
characterisaƟon has to be supplemented 
by structural studies 

Fundamental and systemaƟc structural 
studies are necessary to understand the off 
stoichiometry phenomena in chalcopyrites!  

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0 0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

 
  

p2

Se

B

B
2
Se

3

Cu
2
Se

Cu

p1

p1  CuB
3
Se

5

p2  CuB
5
Se

8

CuBSe
2

chalcopyrite type crystal structure 
accepts strong deviaƟon from 
stoichiometric composiƟon 

broader homogeneity region of ch‐phase 
for CuGaSe2 than for CuInSe2

[1] 

VCu causes p‐type conducƟvity 
neutralizaƟon of BCu anƟ‐site defects 

by the formaƟon of neutral defect 
complexes (BCu+2VCu)[2] 

synthesis of powder samples with defined composiƟon by solid state reacƟon of the pure elements in sealed and evacuated silcia tubes (T = 850°C) 
pre‐characterisaƟon by XRD and electron microprobe analysis, including wavelength dispersive X‐ray (WDX) analysis on polished samples 

Strategy 

Neutron Powder DiffracƟon  
 

Anomalous X‐ray diffracƟon 

Rietveld refinement 

caƟon distribuƟon 
anion posiƟon 

average neutron scaƩering length[3] 
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CaƟonic point defects in off stoichiometric Cu(In, Ga)Se2 
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experiment close to and far‐off Ga‐K 
absorpƟon edge [E = 10367 eV] 
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 10100 eV
 single peak fit
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101 Bragg peak of Cu0.897Ga1.103Se2.103  
(Cu/Ga = 0.81) at two different photon 

energies 

E [eV ]  Ga3+ f’  Ga3+ f’’  Cu+ f’  Cu+ f’’  Se2‐ f’  Se2‐ f’’ 

10365 ‐8.29 0.491 ‐0.91 3.00 ‐1.40 0.73 

10100 ‐3.22 0.515 ‐1.17 3.20 ‐1.34 0.76 

CuInSe2  CuGaSe2 

ordered 
no VCu / no Gai 

disordered 
no VCu / no Gai 

ordered 
10% VCu / 10% Gai 

parƟally disordered 
10% VCu / 10% Gai 

Modelling of caƟon distribuƟon / present isolated point defects 
according to WDX analysis and neutron diffracƟon. 

ordered structure with VCu and Gai 

maximum amount of 4% site fracƟon GaCu/CuGa (1020 /cm3) 

clustering of point defects to neutral defect complexes cannot 
be assumed 
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Isolated point defects 

Assuming defect complexes 

 large concentraƟon of VCu, 
InCu, CuIn 

point defect concentraƟon 
increases with increasing 
Cu‐deficit 

clustering of point defects 
to electrical neutral defect 
complexes reduces 
concentraƟon of isolated 
defects by an order of 
magnitude[4] 

Cu(InxGa1‐x)Se2 
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Isolated point defects 

 large concentraƟon of VCu and Bi 
point defect concentraƟon increases with increasing 

Cu‐deficit 

The repression of BCu defect may supress the formaƟon of 
the CuB3Se5 vacancy phase and explains the broader 
homogeneity region for Ga‐subsƟtuted CuInSe2! 

The role of stoichiometry in chalcopyrite type absorbers 

Compound Defects 

CuInSe2 VCu InCu CuIn 

CuGaSe2 VCu Gai 

Cu(InxGa1‐x)Se2 VCu Bi 

Summary 
sucessful determinaƟon of caƟonic point defect concentraƟon in off stoichiometric CuInSe2, CuGaSe2 and Cu(InxGa1‐x)Se2 

 repression of BCu defect in Cu‐poor CuGaSe2 and Cu(InxGa1‐x)Se2 may supress the formaƟon of the CuGa3Se5 vacancy phase and thus 
supports the chemical homogeneity of a Cu(In1‐xGax)Se2 absorber layer  

CuBSe2 CuB3Se5 

dI 24 mI 24

ParƟal disorder 

of caƟons 

Laƫce parameter vs. Cu/B raƟo 

 study of defects by 
neutron powder 
diffracƟon 

modelling of present 
point defects by the 
method of average 
neutron scaƩering 
length 
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