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Figure S1. AFM images and grain size statistics of perovskite films modified with different condi- 18 
tions: (a) reference, (b) doped with 2 μg/mL CsPbBr3 QDs, (c) jointly modified with 2 μg/mL CsPbBr3 19 
QDs and 2 mg/mL PEAI. 20 
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Figure S2. EDS mappings of PFs jointly modified with CsPbBr3 QDs and PEAI: (a) SEM pattern, (b) 22 
C element, (c) Pb element, (d) Br element, (e) I element, (f) the combination of SEM and mappings.  23 

Table S1 The parameters of (110) diffraction peak of PFs modified at different conditions. 24 

Samples Peak location (°) Intensity (a.u.) FWHM (°) 

reference 13.97 1506 0.193 

0.2 μg/mL QDs 13.99 1713 0.185 

2 μg/mL QDs 14.01 2398 0.178 

10 μg/mL QDs 14.04 1968 0.183 

QDs+PEAI 14.01 2396 0.178 

 25 

Figure S3. TPV (a) and TPC (b) decay curves of original and jointly-modified PSCs. 26 

 27 
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Figure S4. The energy alignment of reference and CsPbBr3 QDs + PEAI modified PSCs. 29 

The quantum tunneling effect is described as follows: 30 

𝑇 = (𝐶 ∕ 𝐴)2 = 𝐸𝑥𝑝 [−2 ⅆ√
2𝑚𝑛(𝑞𝑉0−𝐸)

ℏ2 ]    (S-1) 31 

where T represents the transmission coefficient, C represents the transmission wave func- 32 

tion, A represents the incident wave function, mn represents the effective mass of the elec- 33 

tron, ħ represents the reduced Planck constant, qV0 represents the barrier height, and d 34 

represents the thickness of the tunneling layer. 35 

 36 

 37 

Figure S5. Aging curves of normalized VOC (a)、FF(b) and JSC (c) in air condition with a RH of 40% 38 
and RT (unpacked). 39 

Table S2 Simple comparison of PCE MAPbI3 perovskite solar cells. 40 

Perovskite PCEmax (%) Reference 

MAPbI3 19.11 [1] 

MAPbI3 20.06 [2] 

MAPbI3 20.22 [3] 

MAPbI3 20.23 [4] 

MAPbI3 20.46 [5] 

MAPbI3 20.46 [6] 

MAPbI3 20.46 [7] 

MAPbI3 20.93 [8] 

MAPbI3 21.04 This Work 

 41 

 42 
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