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Supplementary Figure 1. The chemical structure of 2-(piperazine-1-yl) ethylamine hydroiodide (PipEAI).
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Supplementary Figure 2. Statistics of (a) VOC, (b)FF (c) JSC and (d) PCE for 20 WBG PSCs before and after 72h aging. Statistical parameters were analyzed for both before and after aging devices (aperture area = 0.1 cm²) across 20 devices from four independent batches. The boxplots display: whiskers (data minima and maxima), box boundaries (25th and 75th percentiles), and center line (mean value).
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Supplementary Figure 3. Top-view SEM images of WBG perovskite films with different aging times.
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Supplementary Figure 4. XRD patterns of WBG perovskite films with different aging time
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Supplementary Figure 5. PL mapping images of WBG perovskite films with different aging times. It should be noted that the color bar for counts in Figure c is distinct from that in Figure a and b.
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Supplementary Figure 6. EL intensity of WBG perovskite films with different injection voltage. 
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Supplementary Figure 7. Stabilized efficiency of target WBG PSC.
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Supplementary Figure 8. Digital picture of GO dispersions in Water with various concentrations.
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Supplementary Figure 9. Top-view SEM images of graphene oxide layers on silicon by spin coating graphene oxide dispersions with different concentrations
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[bookmark: _Hlk192937188]Supplementary Figure 10.  Transmittance of spin-coated GO films and thermally evaporated Ag film on ITO substrate. 



[image: ]Supplementary Figure 11. The J-V curve (a) and EQE spectra (b) of single-junction OPV.
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Supplementary Figure 12. J-V curves of the PO-TSCs with different GO concentrations.
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Supplementary Figure 13. Statistics of (a) VOC, (b)FF (c) JSC and (d) PCE for 20 POTSCs with Ag and GO as ICLs. Statistical parameters were analyzed for both Ag and GO devices (aperture area = 0.1 cm²) across 20 devices from four independent batches. The boxplots display: whiskers (data minima and maxima), box boundaries (25th and 75th percentiles), and center line (mean value).
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Supplementary Figure 14. Forward and Reverse scan J–V curves of GO-based POTSCs. 


Supplementary Table 1. J-V results for control WBG PSCs with different aging times.
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Supplementary Table 2. J-V results for target WBG PSCs with different aging times.[image: ]
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Control Voc (V) Jsc (mA/cm?) FF (%) PCE (%)
Oh 1.256 16.50 80.30 16.64
24h 1.250 16.53 79.9 16.54
48h 1.254 16.48 79.75 16.48
72h 1.232 16.49 79.82 16.22





image16.png
Target Voc (V) Jsc (mA/cm?) FF (%) PCE (%)
Oh 1.289 16.60 80.15 17.15
24h 1.320 16.75 82.01 18.13
48h 1.339 16.71 84.11 18.82
72h 1.355 16.71 85.61 19.38
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