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Supplementary Figures and Tables 

 

Fig. S1 AFM morphology and corresponding RMS roughness of perovskite a without 

and b with APTA additive 
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Fig. S2 PL peak changes of perovskite film a without and b with APTA under 

continuous laser irradiation 

Table S1 Fitted Parameters of TRPL Spectra 

samples τ1 (ns) A1 τ2 (ns) A2 τavg (ns) 

Control 30.23 33.88 254.62 66.12 241.75 

APTA 65.14 23.20 852.44 76.80 834.46 

 

Fig. S3 Cross-sectional SEM image of PSC a without and b with APTA additive 
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Fig. S4 The statistic performance parameters of a VOC, b JSC, c FF and d PCE for 

inverted WBG PSCs with different concentration of APTA 

Fig. S5 J–V curves of the champion PSCs prepared a without or b with APTA measured 

in both reverse and forward directions, respectively. The photovoltaic parameters of the 

devices are both shown in each picture 
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Fig. S6 The first derivative of the EQE curve 

 

Fig. S7 Statistical data of a VOC, b JSC and c FF for WBG devices 
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Table S2 Standard deviations of the photovoltaic parameters of the WBG devices 

sample 
VOC 

(V) 

JSC 

(mA cm-2) 
FF (%) 

PCE 

(%) 

control 1.09±0.034 20.7±0.16 82.4±0.5 19.02±0.32 

APTA 1.13±0.023 20.8±0.15 84.3±0.3 20.12±0.33 

Fig. S8 a I 3d and b Br 3d XPS spectra for perovskite film w/o and with APTA 

 

Fig. S9 UV–vis absorbance spectra of perovskite films w/o and with APTA 
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Fig. S10 UPS spectra of perovskite films w/o or with APTA 

Table S3 Energy level parameters of different perovskites 

samples  
Eg 

(eV) 
Eonset (eV) Ecutoff (eV) EVBM (eV) ECBM (eV) 

EF 

(eV) 

Control 1.67 1.41 17.09 5.53 3.86 4.12 

APTA 1.67 1.49 17.01 5.69 4.02 4.20 

 

Fig. S11 The derivative of capacitance spectra of WBG devices a without and b with 

APTA incorporation 
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Table S4 EIS Parameters for the PSCs based on different perovskite 

samples Rs(Ω) Rrec(Ω) 

Control 70.1 491.2 

APTA 49.8 1274.5 

 

Fig. S12 Schematic device configuration of Sn-Pb NBG perovskite solar cell 

 

Fig. S13 Transmittance spectrum of semi-transparent perovskite top cell 
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Fig. S14 J-V curves of the semi-transparent WBG PSC a without and b with APTA 

Table S5 Summary of all-perovskite 4-T tandem solar cells 

year subcells Device structure 

PCE of 4-T 

tandem solar 

cells (%) 

REFs 

2016 
top ITO/NiOx/MAPbI3/PCBM/C60/ITO 

19.08 [S1] 
bottom ITO/PEDOT:PSS/MA0.5FA0.5Sn0.25Pb0.75I3/PCBM/C60/Ag 

2016 
top ITO/NiOx/FA0.83Cs0.17PbI0.83Br0.17/PCBM/SnO2/ZTO/ITO 

20.1 [S2] 
bottom ITO/PEDOT:PSS/FA0.75Cs0.25Sn0.5Pb0.5I3/PCBM/BCP/Ag 

2017 
top FTO/SnO2/C60-SAM/MA0.7FA0.3PbI3/spiro-OMeTAD/MoOx/Au/MoOx 

21.2 [S3] 
bottom ITO/PEDOT:PSS/(FASnI3)0.6(MAPbI3)0.4/PCBM/BCP/Ag 

2017 
top ITO/NiOx/MA0.9Cs0.1Pb(I0.6Br0.4)3/C60/ C60/ITO 

16.7 [S4] 
bottom ITO/PEDOT:PSS/MASn0.5Pb0.5I3/IC60BA/ C60/Ag 

2018 
top FTO/SnO2/C60-SAM/FA0.8Cs0.2Pb(I0.7Br0.3)3/spiro-OMeTAD/MoOx/ITO 

23.1 [S5] 
bottom ITO/PEDOT:PSS/(FASnI3)0.6(MAPbI3)0.4/PCBM/BCP/Ag 

2020 
top 

ITO/SnO2/Cs0.1(MA0.17FA0.83)0.9Pb(I0.83Br0.17)3/spiro-

OMeTAD/MoOx/ITO 23.0 [S6] 

bottom ITO/PEDOT:PSS/FA0.8MA0.2Sn0.5Pb0.5I3/PCBM/C60/BCP/Ag. 

2022 
top ITO/MeO-2PACz/FA0.8Cs0.2PbI0.8Br0.2/C60/SnO2/ITO 

26.0 [S7] 
bottom ITO/PEDOT:PSS/FA0.7MA0.3Sn0.5Pb0.5I3/C60/BCP/Ag. 

2023 
top ITO/MeO-2PACz/FA0.75Cs0.25PbI0.8Br0.2/C60/SnO2/ITO 

26.3 
This 

work bottom ITO/PEDOT:PSS/FA0.7MA0.3Sn0.5Pb0.5I3/C60/BCP/Ag. 
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