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Preparation of Cu,ZnSnS, Thin Films Solar Cells Based on Magnetron Sputtering

LI Xinyu, ZHANG Daoyong, LI Xiang, LI Qiulian, LIU Xin, WANG Shurong
(Key Laboratory of Rural Energy Engineering in Yunnan Province, Yunnan Normal University, Kunming 650500, China)

Abstract: In order to solve a problem of Sn-loss and reduce the thickness of MoS, during the sulfurization process, the oxygen
containing Cu—Zn—Sn precursor thin films were prepared on Mo-coated soda lime glasses via magnetron sputtering ZnO/SnO,/Cu.
The results show that the Sn-loss and the formation of MoS, are well inhibited by the utilization of SnO, and ZnO. The single-phase
CZTS absorbed thin films with the smooth surface, dense grains and good crystal structure can be prepared at 590 C. Also, the
CZTS solar cells from oxygen containing precursors annealed at 590 “C have an optimum power conversion efficiency (PCE) of
5.12% with an open circuit voltage of 590 mV, a short circuit current density of 22.09 mA/cm? and a fill factor of 39.28%.
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Fig. 1 XRD patterns of the CZTS absorber films which
prepared at different sulfurization temperatures.
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CZTS1-CZTS3: CZTS precursor film was sulfurized under 480 ‘C, 590 C,
620 C respectively.

B2 CZTS2 M) Raman i
Fig. 2 Raman spectra of CZTS2 thin film
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(a) Top view SEM image of CZTS1

(d) Cross-sectional SEM image of CZTS1
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Fig. 3 Top view and cross-sectional SEM images for CZTS1, CZTS2, CZTS3
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(b) Top view SEM image of CZTS2

(e) Cross-sectional SEM image of CZTS2
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(f) Cross-sectional SEM image of CZTS3
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Table 1 Composition of CZTS thin films prepared at different
sulfurization temperatures

Mole fraction/%

Sample n(Cu)/n(Zn+Sn) n(Zn)/n(Sn) n(S)/n(M)
S

Cu Zn Sn
CZTS1 23.26 15.13 13.31 48.30 0.82 1.14 0.93
CZTS2 22.80 14.37 13.19 49.64 0.83 1.09 0.99
CZTS3 23.92 13.24 10.89 51.95 0.99 1.22 1.08

n is mole.

P 4 A R BRLAGIELFE T BT % 1) CZTS B
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(K] 7eq P IEE] T 52%- 78%A1 71%, 4K 590 C
i A AL B AR AR it T T L PR R R B e o R
T 680 nm I, 77eq (EIRGHE T FR, IXIHPTHEG A7
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7]eq is external quantum efficiency.
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Fig. 4 External quantum efficiency 7.4 curves of CZTS solar
cells prepared at different sulfurization temperature
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E is photon energy.

5 MRABEXIn(1-ne)]* 5 E THE TR MR HEBRE
Fig. 5 Band gap determined by the [EXln(l—;yeq)]2 versus hv
curve
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Fig. 6 J-V curves of CZTS thin film cells prepared at different
sulfurization temperature

x2 ATEEEE THH &1 CZTS EAR Bt iE L B 1 RE
2%
Table 2 Photovoltaic parameters of CZTS thin film cells
prepared at different sulfurization temperatures

Sample 7% Ve /mV Jo/(mA-cm™) FF/%
CZTS1 2.11 458 14.19 32.47
CZTS2 5.12 590 22.09 39.28
CZTS3 3.24 477 20.25 33.54

n: power conversion efficiency; V,.: open-circuit voltage; Ji: short-circuit

current density; FF: fill factor.
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