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Shallow defects Deep 0.8 eV defect Deep 1.3 eV defect

* |ow temperature photoluminescence (10K) 107 E dofoct E Large blueshift of 2 deep bands in CuGaSe,
band : Donor-acceptor pairs with shallow accept.
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* In., and Cu, shallow donors (D1) * Similar levels with indium/gallium exchange 09 10 1112 13 14 15 16 17 [9]
* V, shallowest abundant acceptor (A1) ¢ Butdifference: In., shallow in CulnSe, energy (eV)
* Cu, fairly shallow, abundant acceptor (A2) Ga, deep in CuGaSe, * Also observed in Cu-poor compositions

Cu,.(-1/-2) deep charge transition * Several Ga. levels 1.16 —1.33 eV above VBM T AT T R
10° - — E

Ga/(Ga+1In)

PL intensity (arb. u.)

Defects from Theory

 Cu/ _
_0.5-0.7 In/(In+Ga)

_é CGSe-130

. - Se-i (|2 / |1) high AH - o o o / -

: X Se-i (+1/0) high AH ] X -

] Se-i (0/-1)  high AH . > 5

valence band  Hyang i : 0 ce Talitckaya i V=S (12/0) Se-poor valence band Pohl Yee Malitckaya CGSG—228 : [9]
. . V-Se (0/-1) Se-poor u m

Vei - - e "me ska : Albe Clemens Puska C 1 /1 4 e A e 1\ 1 1 11 L ]

V-Se (0/-2) high AH
(1 — 6] 0.9 1.0 1.1 1.2 1.3 14 15 1.6 L7

V-Cu (0/-1) conduction band Cu-i not Cu-i not
Cu-In (0/-1) 1.1 - considered considered
Cu-In (-1/-2) 1 0—- ——
Cu-In (0/-2) o

V-In (0/-3) high AH
V-In (0/-1) high/mid AH
V-In (-1/-2) high/mid AH |
V-In (-2/-3) high/mid AH . V-Cu (0/-1)
In-Cu (+2/0) e 1 Cu-In (0/-1)

conduction band

1.1+
1.0 -

In-Cu (+2/4+1) - In-Cu (+2/0)
In-Cu (+1/0) > ] Cu-i (+1/0) I
Cu-i (+1/0) o Cu-In (-1/-2) !
In-1 ( -3 /|1) high AH ) —— VB

In-1 ( -3 /|2) high AH T — (B —
In-i (12/0) high AH ] -

O—- | X PO d DO X

PL Intensity [arb. u.]

In-i (+1/0) high AH

‘ 1] Huang/Wei, JPV 4, 2014 4] Yee/Clemens, PRB 92, 2015  [7] Siebentritt et. al., SEMSS 119, 2013 ,
Literature 2] Oikkonen/Nieminen, JPH 26, 2014 5] Malitckaya/Puska, AEM, 2017 [8] Babbe/Siebentritt, under review Acknowledgements Egigfﬁ;ﬁngat'onal
3] Pohl/Albe, PRB 87, 2013 6] Saniz/Lamoen, PCCP 22, 2017 [9] Spindler, PhD Thesis, 2018 Florian Werner, Max Wolter L I




