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Figure S1. (a)-(c) Temperature-dependent current density versus voltage characteristics in semi-
logarithm scale of MAPbI3 hole-only devices with various L scanned in the downward direction.



Figure S2. Steady-state photoluminescence spectroscopy of MAPbI3 films with different L.

Table S1. MAPbI3 solar cell parameters measured under standard AM 1.5 G with various film 
thicknesses L controlled by solution concentration. The data were collected in the downward scan 
(bias from positive to negative).

L (nm) Voc (V) Jsc (mA/cm2) FF PCE (%)

450 0.98 17.47 0.72 12.3

550 0.92 14.20 0.77 10.0

680 0.88 11.94 0.78 8.2

Table S2. Fitting parameters using bi-exponential model for photoluminescence decay kinetics 
measured on MAPbI3 films with various L. 

L (nm) τ1(s) A1 τ2 (s) A2

450 4.42×10
-8 20.18% 3.97×10

-7 79.82%

550 5.14×10
-8 16.68% 4.02×10

-7 83.32%

680 5.50×10
-8 14.73% 4.45×10

-7 85.27%


