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Figure S1. J–V curves of TA treated CIGS devices under different temperature.
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Figure S2. J–V curves of treated CIGS devices with different TA concentration.



Figure S3. The surface SEM images of the TA treated CIGS thin films with different TA 

concentration.



Figure S4. The XRD patterns of the TA treated CIGS samples with different TA 

concentration.



Figure S5. The Raman spectra of the TA treated CIGS samples with different TA 

concentration.



Figure S6. XPS of CIGS films (a) Wide-scan XPS spectra. (b) Cu 2p. (c) In 3d. 

(d) Ga 2p. 



Figure S7. XPS of Se 3s and S 2s of the CIGS films treated with different TA concentration 

(a) 5mg/mL.(b) 20mg/mL.



Figure S8. Secondary ion mass spectroscopy (SIMS) depth profiles of In and Ga. 



Table S1. Typical device parameters of CIGS devices under different sulfurization 

temperature.

Temperature

(OC)

PCE

(%)

VOC 

(V)

JSC

(mA/cm2)

FF

(%)

control 13.14 0.602 33.16 65.85

200 13.33 0.617 33.05 65.48

300 14.79 0.633 32.72 71.39

400 10.54 0.525 30.24 66.14



Table S2. Typical device parameters of CIGS devices under different TA concentration.

Concentration 

(mg/mL)

PCE

(%)

VOC 

(V)

JSC

(mA/cm2)

FF

(%)

5 14.47 0.638 31.51 72.00

10 15.25 0.650 32.53 72.21

20 13.06 0.631 30.16 68.60


