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• 1.3 eV above valence band for varying GGI
• Phonon coupling (Huang-Rhys factor  5)
• GGI < 0.45   Shallow defect
• GGI > 0.45   Recombination center

• D1: shallow donors 8-14 meV (CISe/CGSe)
• A1: stoichiometric low-Cu (40/60 meV)
• A2: stoichiometric high-Cu (60/100 meV)
• A3: CuInSe2 with high selenium (135 meV)

CuGaSe2 close to Cu/Ga = 1 (135 meV)
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Deep 1.3 eV defectDeep 0.8 eV defect

• 0.8 eV above valence band for varying GGI
• Broad density of states (ca. 0.1 eV)
• Always observed in Cu-rich compositions

Defects from Theory

• low temperature photoluminescence (10K)

Strong agreement for CuInSe2:
• InCu and Cui shallow donors (D1)
• VCu shallowest abundant acceptor (A1)
• CuIn fairly shallow, abundant acceptor (A2)
• CuIn(-1/-2) deep charge transition

Few calculations for CuGaSe2:
• Similar levels with indium/gallium exchange
• But difference: InCu shallow in CuInSe2

GaCu deep in CuGaSe2

• Several GaCu levels 1.16 – 1.33 eV above VBM

• Large blueshift of 2 deep bands in CuGaSe2

→Donor-acceptor pairs with shallow accept.

• With 20% of indium: single deep band
→Determination zero-phonon line 1.23 eV
→Deep donor-like defect around 1.3 eV

• Also observed in Cu-poor compositions
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