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‘Growth Chamber Loading Chamber Al electrode
2 Cu,ZnSnSe, = 2 Cu,Se + 2ZnSe + 2 SnSe + Se,(9g)
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Ref. ChemPhysChem 13 (2012) 3035.
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Pyrometer
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Co-evaporation method Sample Structure

Ref. Appl. Phys. Lett. 97 (2010) 092111.

/Relarion between composition and efficiency forCZTSe

Ttriangular plot of the composition of CZTSe \

CuSe The composition of CZTSe
3P 10/ \yo was fixed between
Eifiency (%) > Highest efficiency out of 2/ Cu2ZnSnSe4-ZnSe line
e ° 20 stoichiometry %
1.0-2.0 » Highest efficiency % 7" Why Cu/Sn~2?
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Phase Diagram for Cu-Zn-Sn-Se system

Cu/Sn~2 (Experimental Results)
Cu,Zn Sn_Se,
1. Experimental Results
w/(x+y+z+w)=0.5, then
xtytz=w (1)
2. Assumption
Formal charges are applicable in CZTSe films.
Cu->Cu'*, Zn->Zn2*, Sn->Sn*', Se->Se>
By charge neutrality

Rz =0 (2) growth temp.  anncaling temp.  [Cu] [Zn] [Sn] [Se]
) sample | 370 B 211 17.8 107 95
From (1) and (2) sample 2 500 - 514 10.9 0.0 37.1
x=2z, that is, Cw/Sn=2 sample 3 370 - 23 147 12.1 497
sample 4 370 520 2.1 15.0 1.7 4938

The results of Cu/Sn~2 can be explained by the formal charges.
(Of course, it is just one possibility,
but very simple and acceptable assumption.)
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» Triangular plot of CuSe-ZnSe-SnSe shows of [Se]=50 at% for all points. - [ﬂ £ T=—) l/H::f 1z li%ﬂﬁk’?’h%ﬁ L

» [Se] composition was always ~50 at% from EMPA measurements.
» CuSe-ZnSe-SnSe plot was adopted.
» ZnSe-Cu,ZnSnSe,-Cu,SnSe;, line are in common for both plots
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