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Figure S1. Photovoltaic parameters of the devices fabricated on the Mo substrate with Na2S layer annealed at different 

temperature: a) PCE, b) FF, c) VOC and d) JSC, and annealed for different time: e) PCE, f) FF, g) VOC and h) JSC.
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Figure S2. The morphologies of spin-coated Na2S on Mo surface with various mole rations: a) 0 M, b) 0.05 M, c) 0.1 M, d) 

0.15 M, e) 0.2 M.

Figure S3. EDS maps of the substrate (a) A and (b) B.

Table S1. Quantitative EDX analysis of Na, Mo and O content for back contact surfaces of A and B.

Substrate Mo O Na S

A 88.94 11.06 0 0

B 76.37 21.26 1.39 0.98
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Figure S4. (a) XRD spectra of CZTSSe film without (A) and with (B) Na2S layer. (b) Raman spectra of the film A and B. 

The intensity of (112) diffraction peaks of CZTSSe located at 27.18° (JCPDS#52-0868) increases a little on substrate B. 

And there is a narrowing of the FWHM from 0.182 for film A to 0.177 for film B, suggesting the improved crystalline 

quality. The crystalline quality is further revealed by Raman measurement. In addition, XRD and Raman spectroscopy 

demonstrates that the Na2S aqueous solution does not cause the formation of secondary phase in the absorber layer.

Figure S5 . (a) J-V curves of the champion devices prepared on the substrates treated with 0.1 M and 0.2 M Na2S; (b) dV/dJ 

vs (J + Jsc)−1 and (c) dJ/dV vs V redrawn from the standard light J–V curves of the champion device prepared on the 

substrates treated with 0.2 M Na2S; Plots of (d) dV/dJ vs (J + Jsc)−1 and (e) dJ/dV vs V redrawn from the standard light J–V 

curves of device A and B (0.1 M Na2S).
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Table S2. The photovoltaic parameters of the champion device prepared on the substrates treated with 0.1 M and 0.2 M 

Na2S. Both devices were fabricated from the same batch.

Concentration of 
Na2S

PCEmax

[%]
VOC

[mV]
JSC

[mA/cm2]
FF
[%]

Rs

[Ω·cm2]
Rsh

[Ω·cm2]
Gsh

[mS·cm2]

0.1 M 12.74 491 39.3 66.0 0.51 1113 0.90

0.2 M 10.47 467 37.2 60.3 0.99 825 1.21

Figure S6. C-V curves of the champion device A and B.

Figure S7. The optical band gap of the film A (1.036 eV) and B (1.038 eV) calculated from the UV–vis transmission 

spectra. The Na2S layer spin-coated on the Mo substrate will not change the band gap of the CZTSSe absorbers.


