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Methods for fitting 
(a) Time-resolved photoluminescence (TRPL) 

The TRPL curves were fitted with a bi-exponential decay function to describe the 
process of charge extraction. 𝐼(𝑡) = 𝐴ଵ𝑒(ି௧/ఛభ) + 𝐴ଶ𝑒(ି௧/ఛమ) + 𝛾଴   (S1)  

where 𝜏ଵ is the rapid attenuation component, which is generally considered to be 
caused by the fast recombination of the film surface interface, 𝜏ଶ is the slow attenuation 
component, which is generally thought to be caused by the recombination of the carrier 
in the film. A1 and A2 are the weights of τ1 and τ2, respectively.  

(b) Space charge limited current (SCLC) 
The trap density can be calculated from the following Equation (S2): 

 𝑁௧ = 2𝜀𝜀଴𝑉 ி௅𝑒𝐿ଶ  (S2) 
where L is the thickness of the perovskite film, 𝜀r is the relative dielectric constant of 

perovskite, 𝜀0 is the vacuum permittivity (8.854×10−12 F/m), e is the unit charge with the 
value of 1.602×10−19 C, and Nt is the trap density. 



 

 

 
Figure S1. UV-vis absorption spectra of unannealed films untreated and treated with different vol-
ume ratios of MT/IPA solution. 

 

 
Figure S2. J-V curves of solar cells treated with different volume ratios of MT/IPA solutions. 

 
 



 

 

 
Figure S3. Long term stability in N2 atmosphere of the untreated and MT/IPA-treated solar cells. 

 


