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Fig. S1 Statistics of (a) JSC, (b) VOC, (c) FF, and (d) PCE of PSCs based on SnO2 ETL 

modified by different concentrations of OP. 

  



 

 

Fig. S2 J-V curves of the PSCs based on SnO2 and SnO2/OP (0.75 mg/mL). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Fig. S3 Tof-SIMS 3D-depth profiles of the target devices with the structure of 

ITO/SnO2/OP/perovskite. It needs to be noted that the chemical formula of OP is 

C4H2N3O4K. As shown in the Fig. S3, obvious boundaries can be observed in perovskite, 

OP, SnO2, and ITO. In which, it can be seen that K+ has diffused into perovskite layer 

in a gradient distribution and partially exists on the surface, which is consistent with 

the result of EDS. 

 

 

  



 

Fig. S4 PCE evolution of the unencapsulated control and target devices aged at 60 ℃ 

in dark conditions with the relative humidity of 15%-20%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Fig. S5 XPS spectra of (a) Sn 3d of SnO2 and SnO2/OP films; (b) Pb 4f of perovskite 

and OP/perovskite film.   
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Fig. S6 Mott-Schottky plot of the control and target devices.  



 

Fig. S7 The cut-off energy (Ecut-off) and Fermi edge (EF) of the SnO2 film. 

  



 

Fig. S8 The cut-off energy (Ecut-off) and Fermi edge (EF, edge) of the SnO2 film 

modified by OP.  



 

Fig. S9 The cut-off energy (Ecut-off) and Fermi edge (EF, edge) of the perovskite film. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Fig. S10 The charge density difference of -NH (in OP) and FA+
 (in perovskite). 

 

  



Table S1. Champion and average photovoltaic parameters of the PSCs modified 

different concentrations of OP.  

 

 

OP 

(mg/mL) 
 

JSC 

(mA/cm2) 

VOC 

 (V) 
FF 

PCE 

 (%) 

0 

Champion 24.41 1.08 76.12 20.07 

Average 24.74 1.08 73.73 19.70 

Std. Dev. 0.193 0.007 1.493 0.430 

0.35 

Champion 24.77 1.10 75.53 20.58 

Average 24.79 1.09 75.48 20.39 

Std. Dev. 0.102 0.005 0.609 0.144 

0.75 

Champion 24.82 1.12 79.48 22.09 

Average 24.88 1.12 77.78 21.67 

Std. Dev. 0.120 0.007 1.343 0.241 

1 

Champion 24.64 1.09 75.80 20.35 

Average 24.62 1.08 75.48 20.06 

Std. Dev. 0.097 0.007 0.798 0.120 



Table S2. Summary of photovoltaic performance of reported high-efficiency FACs-based PSCs to date.  

Device structure 
JSC 

(mA/cm2) 

VOC 

(V) 
FF 

PCE 

(%) 

Active  

area (cm2) 
Ref. 

ITO/SnO2/OP/Rb0.02(FA0.95Cs0.05)0.98PbI2.91Br0.03Cl0.06/Spiro-OMeTAD/Au 24.82 1.120 0.795 22.09 0.1 This work 

ITO/SnO2/Rb0.02(FA0.95Cs0.05)0.98PbI2.91Br0.03Cl0.06/Spiro-OMeTAD/Ag 22.97 1.160 0.822 21.92 0.07 [S1] 

ITO/SnO2/Rb0.02(FA0.95Cs0.05)0.98PbI2.91Br0.03Cl0.06/Spiro-OMeTAD/Ag 23.18 1.163 0.825 22.22 0.07 [S2] 

ITO/SnO2/ZnO/ FA0.95Cs0.05PbI3/ Spiro-OMeTAD/Ag 24.35 1.126 0.784 21.50 0.06 [S3] 

ITO/ZnO/SnO2/FA0.9Cs0.1PbI3/ Spiro-OMeTAD /MoO3/Ag 24.60 1.090 0.773 20.70 NO [S4] 

TFO/cp-TiO2/mp-TiO2/SnO2/(Cs0.17FA0.83)Pb(I0.89Br0.08Cl0.03)3/ 

Spiro-OMeTAD/Au 
23.28 1.120 0.783 20.50 0.1 [S5] 

FTO/c-TiO2/(Cs0.2FA0.8)Pb(I0.95Br0.05)3/Spiro-OMeTAD/Au 22.82 1.115 0.788 20.05 0.09 [S6] 

FTO/c-TiO2/mp-TiO2/FA0.9Cs0.1PbI3/Spiro-OMeTAD/Au 24.0 1.15 0.75 20.9 1.0 [S7] 

FTO/SnO2/PCBM@PMMA/Rb0.05Cs0.1FAPbI3/Spiro-OMeTAD/Au 25.06 1.08 0.755 20.44 0.1024 [S8] 

FTO/c-TiO2/mp-TiO2/Cs0.20FA0.80PbI3/Spiro-OMeTAD/Au 24.10 1.10 0.776 20.60 0.16 [S9] 

FTO/ZnO/FA0.83Cs0.17PbI2.49Br0.51/Spiro-OMeTAD/Au 22.5 1.2 0.781 21.1 0.0919 [S10] 

FTO/c-TiO2/mp-TiO2/Cs0.05FA0.95PbI3-xBrx/Spiro-OMeTAD/Au 24.52 1.145 0.775 21.78 0.12 [S11] 

FTO/c-TiO2/Cs0.15FA0.85PbI2.7Br0.3/Spiro-OMeTAD/Au 22.57 1.179 0.801 21.30 0.09 [S12] 

ITO/PTAA/PFN-Br/FA0.83Cs0.17PbI2.4Br0.6/ C60/BCP/Ag 22.58 1.15 0.81 21.11 0.1 [S13] 

FTO/c-TiO2/Cs0.15FA0.85PbI2.7Br0.3/Spiro-OMeTAD/Au 23.06 1.146 0.798 21.07 0.09 [S14] 



Table S3. Fitted results of TRPL dynamics of the perovskite films deposited on the 

Glass and Glass/OP. 

 

  

 Glass/PVSK Glass/OP/PVSK 

1 (ns) 16.50 23.08 

% 96.81 94.09 

2 (ns) 45.55 105.69 

% 3.19 6.28 

ave (ns) 18.92 42.41 



Table S4. Fitted results of TRPL curves of the perovskite films deposited on the 

different substrates with SnO2 or with SnO2/OP. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ITO/SnO2/PVSK ITO/SnO2/OP/PVSK 

1 (ns) 5.12 2.70 

% 0.79 0.88 

2 (ns) 11.12 9.25 

% 0.21 0.12 

ave (ns) 7.39 4.78 
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