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Figure S1. Thermogravimetric analysis and the corresponding differential scanning 

calorimetry curves of the CZTS precursor. 
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Figure S2. Cross-sectional SEM image of as-deposited CZTS nanocrystal thin film. 

 

 

 

Figure S3. SEM images of the selenized CZTSSe thin films on Mo-coated SLG 

substrates with different (Cu/(Zn+Sn) ratios (a: 0.75:1; b: 0.8:1; c: 0.85:1; d: 1.2:1) 

while Zn/Sn ratio was fixed at 1.2:1.  
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Figure S4. EDX spectrum and chemical composition of as-prepared CZTS thin film. 

 
 
 
 
 
Figure S5. EDX spectrum and chemical composition of selenized CZTSSe thin film. 
 
 

0 3 6 9 12

Sk

CuL

ZnL

SeL

SnL

SnL Znk

Cuk

 
 

C
ou

nt
s 

(a
.u

.)

Energy (KeV)

Element    Cu%    Zn%    Sn%    S%    Se%

CZTSSe    20.95  13.41   11.67   4.30   49.67

Sek



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S6. XPS spectra of the selenized CZTSSe thin film. 

 

 

 

 

 

 

 

Figure S7. XPS spectra of the as-prepared CZTS thin film. 
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Figure S8. The UV-vis-NIR absorption spectrum of as-deposited Cu2ZnSnS4 

nanocrystal thin film and its corresponding plot of (Abs)2 vs E. 

 

Table S1. The detailed solar cell parameters of nine CZTSSe solar cells. 

 

 

 

 

 

 

 

 

 

 

 

      Voc (V) Jsc (mA/cm2) FF (%) η (%) 
 1 0.421 30.68  51.24   6.62 
 2 0.414 30.49 51.30 6.47 
 3 0.407 30.60 51.70   6.44 
 4 0.404   30.57 51.24   6.33 
 5 0.403   30.52 51.11   6.29 
 6   0.430   28.86  50.56   6.28 
 7   0.419   29.61 50.35 6.25 
 8 0.402   30.51 50.95     6.25 
 9   0.424   29.72  48.67   6.13 

  Average efficiency (%):   6.34 
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Figure S9. Stability of CZTSSe solar cell stored in air for 60 days. 
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