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Fig. S1 Digital photograph of precursor solution: (a) the KF was dissolved in 

ethylenediamine and 1,2-ethanedithiol to obtain a clear and transparent solution, 

proving that KF can be completely dissolved in ethylenediamine and 1,2-ethanedithiol, 

(b) the precursor solution of CIGSSe with KF. (c) Schematic diagram of the CIGSSe 

precursor solution with KF, the K
+
 is uniformly distributed in the solution. 

  

 

Fig. S2 Annealing profile of the CIGSSe samples. 

 

 

Fig. S3 The K5 sample selenized at 550 ℃ for 1 minute (a) The Se XPS spectra, (b) 

cross-sectional SEM image. 



 

Fig. S4 TOF-SIMS of Na elemental depth profiles in K0 and K5 device. 

 

 

Fig. S5 Cross-sectional e SEM images of K0 sample (a) and K5 sample (b), (c) 

Typical EDS spectrum of the K0 sample (d) and K5 sample. 

 

 

Figure S6. TOF-SIMS elemental depth profiles of Cu element in the K5 film. 

 



 

Fig. S7 Statistical distributions of photovoltaic parameters of K0-K10 devices: (a)JSC, 

(b)VOC, (c)FF, (d)PCE. Twenty cells were performed for each sample for analysis. 

 

 

Fig. S8 Integral current calculated according to the EQE curve of K0-K10 devices. 



 

Fig. S9 The bandgap can be determined from the long wavelength absorption edge of 

the EQE curves by the linear extrapolation of (E×ln(1-EQE))
2
 versus Eg of K0 and K5 

device. 

 

Fig. S10 (a) The C-V curves of K0 and K5 devices; (b) the measured DLCP of K0 

device at different frequencies; (c) the measured DLCP of K5 device at different 

frequencies. 

 

 

Figure S11. (a) The temperature-dependent series resistance of the K0 and K5 devices, 

(b) The blocking contact barrier height determination of the K0 and K5 devices. 

 



 

Figure S12. Cross-sectional SEM images of CIGS devices a) K0 and b) K5. The 

EBIC images of K0 CIGS devices (c) and K0 CIGS devices (d). (e) Normalized 

intensity profiling along the dashed line in (c) and (d) 

 

Table S1 Atomic ratios of K0 sample (d) and K5 sample. measured by EDS. 

Point Cu In Ga Se K CGI GGI 

A 22.92 16.16 8.91 52.01 - 0.91 0.36 

B 22.45 15.68 8.7 53.17 - 0.92 0.36 

C 21.33 15.3 8.46 54.91 - 0.90 0.36 

D 22.95 16.28 9.05 51.72 0.00 0.91 0.36 

E 22.62 15.75 8.86 52.77 0.00 0.92 0.36 

F 22.24 16.04 8.64 53.08 0.00 0.90 0.35 

 


