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Measurements

Atom force microscope (AFM) and the top view of scanning electron microscope 
(SEM) were used to obtained the surface morphology of perovskite layer. The phases 
of ITO glass and CsMAFA perovskite layers were recorded by X-ray diffraction 
(Nalytical, Netherlands). Surface element and valence states of SnO2 and modified 
SnO2 were analysed by X-ray photoelectron spectroscope (Thermo Fisher Scientific, 
USA). The energy band structure of SnO2 and modified SnO2 was analysed by 
ultraviolet photoelectron spectroscope (Thermo Fisher Scientific, USA). 
Transmittances of different kind of ETL was recorded by UV–vis-NIR 
spectrophotometer (Perkinelmer, USA). Absorption spectra of ITO/ SnO2/perovskite 
were recorded by UV–vis-NIR spectropho-tometer (Perkinelmer, USA). The 
photovoltaic performance of PSCs was recorded by photocurrent density–voltage (J-
V) curves using a Keithley 2450 source meter (Tektronix, USA). The incident light 
from a solar simulator (Beijing Perfectlight Technology, China) was calibrated to one-
sun illumination (AM 1. 5G, 100 mW cm−2) by a standard single-crystal silicon solar 
cell. Electrochemical impedance spectroscopy (EIS) of PSCs were recorded by an IM6 
electrochemical workstation (Shanghai Chenhua Device Company, China). The 
symmetrical devices of ITO/SnO2/perovskite/spiro-OMeTAD/Au were fabricated and 
characterized by a Keithley 2450 source meter (Tektronix, USA) for the space-charge-
limited current (SCLC) analysis. The symmetrical devices of 
ITO/SnO2/perovskite/spiro-OMeTAD/Au were fabricated and characterized by 
monochromatic incident photon-to-electron conversion efficiency (Beijing China 
Education Au-light, China).

Electronic Supplementary Material (ESI) for New Journal of Chemistry.
This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2023

http://www.baidu.com/baidu.php?url=000000j0xnZgmfstWXVKMlNPfLCv4BYhxFmji9THc2DfosSR_WIV3vf4CMurlyK3UYui9Jz2qHKE9_cwjefs-a3BqwA4V8REum4sdKKZB4KfwMPV7Lt-N5ygpzq0mDkBly0HRcmu3uZsmNrsnUBt9SigVeSuAckLX1o9XwNDlt2BJJ6ro5_iOchZgNfcwMCJX1d3IJpbRs5vgg9M8vl1pXlr6c2L.Db_NR2Ar5Od66lT-xH4IAo_eRkc6YG8X1Knh4tLELqrVW__zImyIrPWFdudl3ggFmeXa8E_3q5gV4gkwFh4TDdZ-H7al4P17xyZDkvI5WElIMH8LtIOgKPwOOqOOSh2J7jZZ93SLjbS8ZFqXj63526MVGstxo6CpXyPvap7rZWtENM761S_1nNvZFY32AM-YG8x6Y3X5zk33TrHGsRP5Qa1Gk_EdwmX5zquhmo_rHGsRP5Qal26h2993OQdhuB81OJrCLuOzSLqjjblT7jHzYD1pT5Z4I-hH5ggvTXM5vI5WElIMH8LtIlknNeoQ5Z_oergWz3qis1f_unhe_tN0.U1Yk0ZDq12hOzeOAEQs0TA-W5H00TZPGuv3qmvmsPHF9mW6Ln1TYuWc3PyFbnH7brAR1m1mYrym1nyD0IjLnJUOQEtptE0KGUHYznWR0u1dsTLwz0ZNG5yF9pywdUAY0TA-b5Hb0mv-b5HD1P6KVIjYknjD4g1DsnHIxnW0dnNtznjmzg1nvnjD0pvbqn0KzIjYzP1R0mhbqnHR3g1csP7tdnjn0UynqnH0krNtknjDLg1csPH7xnWDLn1RknjDzP1Ixn0KkTA-b5H00TyPGujYs0ZFMIA7M5H00mycqn7ts0ANzu1Ys0ZKs5HcLrHbzn1ndrHb0UMus5H08nj0snj0snj00Ugws5H00uAwETjYs0ZFJ5H00uANv5gKW0AuY5H00TA6qn0KET1Ys0AFL5HDs0A4Y5H00TLCq0A71gv-bm1dbPidMXh410A-bm1dcHbD0TA9YXHY0IA7zuvNY5Hm1g1KxnHRs0ZwdT1Ykn1TkPHn3nWmYnHcvP1b4nHmvP6Kzug7Y5HDvP1Dzrj04Pj6sPH60Tv-b5ynvPj9BrH99nj0srH0zPAR0mLPV5HuKfWFan1wAPHfdrHTdfHf0mynqnfKsUWYs0Z7VIjYs0Z7VT1Ys0ZGY5H00UyPxuMFEUHYsg1Kxn7tsg100uA78IyF-gLK_my4GuZnqn7tsg1Kxn7ts0ZK9I7qhUA7M5H00uAPGujYs0ANYpyfqQHD0mgPsmvnqn0KdTA-8mvnqn0KkUymqn0KhmLNY5H00pgPWUjYs0A7buhk9u1Yk0Akhm1Ys0AwWmvfqwWcsPjnLnWczwH7arDF7P17KPDNjPWFDPHDLnYRsfHwtPHDkrHR3n1nsn1nzrjm30Zwzmyw-5HR3njmsPsKBuA-b5HKawRPAPDF7PHTvn1wAP1uKnj9AnWRYfRmLPjTvn10Y0AFY5H00Uv7YI1Ys0AqY5H00ULFsIjYsc10Wc10Wnansc108nj0snj0sc10WwDuRc10WQinsQW0snj0snankQW0snjDsnansc10Wna3snj0snj00mh78pv7Wm1Ysc100XZPYIHYknHD1nHRLPsKkgLmqna33rNtsQW0sg108njKxna33rNtsQWR3g1Kxna3dr7ts0AF1gLKzUvwGujYs0ZFEpyu_myTqn0KWIWY0pgPxmLK95H00mL0qn0K-TLfqn0KWThnqnWnvPjb&us=newvui&xst=TjYzP1b4nWn1PHb40ynqwWcsPjnLnWczwH7arDF7P17KPDNjPWFDPHDLnYRsfHwtPHDkrHR3n1nsn1nzrjm30ycqnDF7fYmYfbRdP1m1PDmLPbDsrDmzPHwKwWTYP1m1njfKT1YkPjc3P16Ln16znjD4njDkPjn3n-tznWNxn07L5TzGEt8Okozt0gDq12hOzeOAEQsKIHYknHD1nHRLPs7Y5HDvP1Dzrj04Pj6KUgDqn0cs0BYKmv6quhPxTAnKUZRqn07WUWYkP
http://www.baidu.com/baidu.php?url=000000j0xnZgmfstWXVKMlNPfLCv4BYhxFmji9THc2DfosSR_WIV3vf4CMurlyK3UYui9Jz2qHKE9_cwjefs-a3BqwA4V8REum4sdKKZB4KfwMPV7Lt-N5ygpzq0mDkBly0HRcmu3uZsmNrsnUBt9SigVeSuAckLX1o9XwNDlt2BJJ6ro5_iOchZgNfcwMCJX1d3IJpbRs5vgg9M8vl1pXlr6c2L.Db_NR2Ar5Od66lT-xH4IAo_eRkc6YG8X1Knh4tLELqrVW__zImyIrPWFdudl3ggFmeXa8E_3q5gV4gkwFh4TDdZ-H7al4P17xyZDkvI5WElIMH8LtIOgKPwOOqOOSh2J7jZZ93SLjbS8ZFqXj63526MVGstxo6CpXyPvap7rZWtENM761S_1nNvZFY32AM-YG8x6Y3X5zk33TrHGsRP5Qa1Gk_EdwmX5zquhmo_rHGsRP5Qal26h2993OQdhuB81OJrCLuOzSLqjjblT7jHzYD1pT5Z4I-hH5ggvTXM5vI5WElIMH8LtIlknNeoQ5Z_oergWz3qis1f_unhe_tN0.U1Yk0ZDq12hOzeOAEQs0TA-W5H00TZPGuv3qmvmsPHF9mW6Ln1TYuWc3PyFbnH7brAR1m1mYrym1nyD0IjLnJUOQEtptE0KGUHYznWR0u1dsTLwz0ZNG5yF9pywdUAY0TA-b5Hb0mv-b5HD1P6KVIjYknjD4g1DsnHIxnW0dnNtznjmzg1nvnjD0pvbqn0KzIjYzP1R0mhbqnHR3g1csP7tdnjn0UynqnH0krNtknjDLg1csPH7xnWDLn1RknjDzP1Ixn0KkTA-b5H00TyPGujYs0ZFMIA7M5H00mycqn7ts0ANzu1Ys0ZKs5HcLrHbzn1ndrHb0UMus5H08nj0snj0snj00Ugws5H00uAwETjYs0ZFJ5H00uANv5gKW0AuY5H00TA6qn0KET1Ys0AFL5HDs0A4Y5H00TLCq0A71gv-bm1dbPidMXh410A-bm1dcHbD0TA9YXHY0IA7zuvNY5Hm1g1KxnHRs0ZwdT1Ykn1TkPHn3nWmYnHcvP1b4nHmvP6Kzug7Y5HDvP1Dzrj04Pj6sPH60Tv-b5ynvPj9BrH99nj0srH0zPAR0mLPV5HuKfWFan1wAPHfdrHTdfHf0mynqnfKsUWYs0Z7VIjYs0Z7VT1Ys0ZGY5H00UyPxuMFEUHYsg1Kxn7tsg100uA78IyF-gLK_my4GuZnqn7tsg1Kxn7ts0ZK9I7qhUA7M5H00uAPGujYs0ANYpyfqQHD0mgPsmvnqn0KdTA-8mvnqn0KkUymqn0KhmLNY5H00pgPWUjYs0A7buhk9u1Yk0Akhm1Ys0AwWmvfqwWcsPjnLnWczwH7arDF7P17KPDNjPWFDPHDLnYRsfHwtPHDkrHR3n1nsn1nzrjm30Zwzmyw-5HR3njmsPsKBuA-b5HKawRPAPDF7PHTvn1wAP1uKnj9AnWRYfRmLPjTvn10Y0AFY5H00Uv7YI1Ys0AqY5H00ULFsIjYsc10Wc10Wnansc108nj0snj0sc10WwDuRc10WQinsQW0snj0snankQW0snjDsnansc10Wna3snj0snj00mh78pv7Wm1Ysc100XZPYIHYknHD1nHRLPsKkgLmqna33rNtsQW0sg108njKxna33rNtsQWR3g1Kxna3dr7ts0AF1gLKzUvwGujYs0ZFEpyu_myTqn0KWIWY0pgPxmLK95H00mL0qn0K-TLfqn0KWThnqnWnvPjb&us=newvui&xst=TjYzP1b4nWn1PHb40ynqwWcsPjnLnWczwH7arDF7P17KPDNjPWFDPHDLnYRsfHwtPHDkrHR3n1nsn1nzrjm30ycqnDF7fYmYfbRdP1m1PDmLPbDsrDmzPHwKwWTYP1m1njfKT1YkPjc3P16Ln16znjD4njDkPjn3n-tznWNxn07L5TzGEt8Okozt0gDq12hOzeOAEQsKIHYknHD1nHRLPs7Y5HDvP1Dzrj04Pj6KUgDqn0cs0BYKmv6quhPxTAnKUZRqn07WUWYkP


Fig. S1. Schematic device architecture of PSCs studied.

Fig. S2. Dark I−V measurement of SnO2, SnO2/PANH4-1, SnO2/PANH4-2 and SnO2/PANH4-3.



Fig. S3. AFM images of different substrates: (a) SnO2, (b) SnO2/PANH4-3, (c) SnO2/PANH4-2, (d) 
SnO2/PANH4-1.

Fig. S4. Contact angle of water droplets on different substrates: (a) SnO2, (b) SnO2/PANH4-3, (c) 
SnO2/PANH4-2, (d) SnO2/PANH4-1. 



Fig. S5. (110) peak strength of perovskite. (SnO2, SnO2/PANH4-1, SnO2/PANH4-2 and SnO2/PANH4-
3)

Fig. S6. Statistic output parameters of PSCs deposited on SnO2, SnO2/PANH4-1, SnO2/PANH4-2 
and SnO2/PANH4-3 : (a) PCE, (b) Jsc, (c) Voc and (d) FF. 



Fig. S7. IPCE spectra of device based on SnO2 and SnO2/PANH4-3.

Fig. S8. Changing of PCEs for the devices made using SnO2 and SnO2/PANH4. 


