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Improvement of Cu,ZnSnS, Solar Cell Characteristics with Zn(O,,S,_
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Abstract — This experiment investigated characteristic changes in a Cu,ZnSnS,(CZTS) solar cell by applying a Zn
(0,,S,.,) butter layer with various compositions on the upper side of the absorber layer. Among the four single layers
such as Zn(Oy 76,80.24), Z1(Oy s> So.44)s Z(Oy 33,S0,67)> and Zn(Oy 7,5 g3), the Zn(Oy 76, 54) butfer layer was applied to
the device due to its bandgap structure for suppressing electron-hole recombination. In the application of the
Zn(0y) 74,5 24) buffer layer to the device, the buffer layer in the device showed the composition of Zn(O,) ,,S, ;) because
S diffused into the buffer layer from the absorber layer. The Zn(O,, ;.S ;) buffer layer, having a lower energy level (E)
than a CdS buffer layer, improved the Jg. and V. characteristics of the CZTS solar cell because the Zn(O, ;,S, ;) buffer
layer effectively suppressed electron-hole recombination. A substitution of the CdS buffer layer by the Zn(O, ;,S ;) buf-
fer layer improved the efficiency of the CZTS solar cell from 2.75% to 4.86%.
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Fig. 1. Cross-sectional TEM images of (Zn(O,,S,_) layers with various deposition conditions. (a) Zn(0,Sy24)s (b) Zn(0y56S9.44) (€) Zn
(0y33:50.67) and (d) Zn(O, ;7,S,.53)- The elemental ratio in TEM images were measured using EDS area scan.
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Fig. 2. The band diagram between CdS, ZnS, Zn(O3,S, 7), Zn(O0y5,S)5)s
Zn(0y 7,8 3)s Zn(0y4,Sy ;) ZnO, and CZTS.
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Fig. 3. Compositional distributions determined using EDS measure-
ments. From cross-sectional STEM images, localized composi-
tions were measured and elemental distributions near the
CdS buffer layer were mapped. Elemental variations across
the vertical directions in STEM images were measured using
EDS line scans.
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Fig. 4. Compositional distributions determined using EDS measure-
ments. From cross-sectional STEM images, localized com-
positions were measured and elemental distributions near
the Zn(O, .S, ;) buffer layer were mapped. Elemental vari-
ations across the vertical directions in STEM images were
measured using EDS line scans.
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Fig. 5. CZTS solar cell characteristics: (a) current density-voltage

characteristics of CZTS solar cells, and (b) EQE at a bias of

] Zn(0,.8,,) W¥To] Hli A skl FAHE2 & 5 Tk ov.

Table 1. List of CZTS solar cell parameters
Sample Buffer layer PCE (%) Voc (V) Jgc (mA/cm?) FF (%)
CZTS1 CdS 2.75 0.604 11.30 40.37
CZTS2 Zn(0Og7,503) 4.86 0.647 17.00 4422
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Notation

PCE : Power conversion efficiency

Ec : Conduction band

E, : Valence band

E, : Bandgap energy

Jgo : Short circuit current density

Voc : Open circuit voltage

FF : Fill factor
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