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Figure S1. The statistic photovoltaic performances (VOC, JSC, FF and PCE) of CZTSSe-

based solar cells with various Ag substitution concentration.
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Figure S2. SEM images of (a) Pristine, and (b) Ti substituted CZTSSe thin films.

Figure S3. The statistic photovoltaic performances (VOC, JSC, FF and PCE) of CZTSSe-

based solar cells with various Ti substitution concentration.
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Figure S4. The statistic photovoltaic performances (VOC, JSC, FF and PCE) of 6%-Ag-

substituted CZTSSe solar cells and various Ti substitution concentration.

Figure S5. (a) Dark J-V curves, and (b) Shunt conductance G characterizations of S-Ref, 

S-Ag and S-AgTi devices.
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Table S1. Fitting results of Sn 3d peaks of S-Ref, S-Ag and S-AgTi thin films

Peak intensity (3d5/2) Peak intensity (3d3/2)
Device

Sn4+ Sn2+ total Sn4+ Sn2+ Zn-Auger total

S-Ref 135178 653169 788347 276652 327905 140982 745539

S-Ag 99822 624975 724797 228980 341544 109643 680167

S-AgTi 46474 509831 556305 129929 369864 59379 559172

Figure S6. TEM image and TEM-coupled element mapping results for the champion S-

AgTi device: (a) Cross-sectional TEM image, (b) Zn, and (c) Cd elemental mapping 

images.
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Figure S7. EIS Nyquist plots of S-Ref, S-Ag, and S-AgTi devices. Inset is the equivalent 

circuit and the corresponding parameters.

Figure S8. UPS characterizations: secondary electron cut-off (SEC) edge and valence 

band (VB) position of S-Ref, S-Ag and S-AgTi thin films.


