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S1. The depth profiles of the perovskite films

The depth profiles along the surface of the bare perovskite film and the PDMS passivated-

perovskite film (PDMS 0.03 wt %) were measured by tapping-mode atomic force microscope 

(AFM).

Fig. S1. Depth profiles of (a) the bare perovskite film and (b) the PDMS-perovskite film, 

measured along the profile line 1 and 2.
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S2. The AFM images of perovskite films with PDMS concentrations

Fig. S2. The AFM images of perovskite films at PDMS concentrations of (a) 0, (b) 0.03, (c) 

0.045, (d) 0.06 wt %.
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S3. The XRD spectra of perovskite films with PDMS concentrations

Fig. S3. The XRD spectra of perovskite films at PDMS concentrations (0, 0.03, 0.045, and 0.06 

wt %)
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S4. The PL spectra of bare perovskite film and PDMS-perovskite film

Fig. S4. The PL spectra acquired after preparing both perovskite films (bare and w/ PDMS 

additives) on a SiO2 glass substrate. 
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S5. Equation of light intensity dependence of Voc of solar cell devices

In the case of perfectly trap-free solar cell, the carrier recombination occurs only as a form 

of radiative recombination (Langevin recombination) and it has been shown that the open 

circuit voltage Voc of the solar cell is given by the following equation,1
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where Egap is the energy gap between the highest occupied molecular orbital (HOMO) and 

the highest occupied molecular orbital (LUMO), q is the elementary charge, kB is the 

Boltzmann constant, T is the absolute temperature, P is the dissociation probability of 

electron hole pairs (EHPs) into the free carriers by thermal excitation, γ is the recombination 

constant, Nc is the density of states in the conduction band, and G is the generation rate of 

EHPs. 

In the presence of the traps, the charge recombination includes both bimolecular 

and trap-assisted recombination and the recombination rate is presented as Equation 2 

called Schokely-Read-Hall equation.2,3
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where, n and p are the electron density in the conduction band and hole density in the 

valence band, respectively, Cn and Cp are the capture coefficient of electrons and holes, 

respectively, Nt is the density of electron traps, p1 and n1 is the intrinsic carrier 

concentration in the sample.

In the equation 1, density of electron and hole has linear relationship to the light intensity 

(Egap and Nc do not depend on the light intensity). We can modify the equation 1 and 

represent the Voc in terms of the light intensity (I), as shown in Equation 3.
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S6. Device stability with PDMS concentrations

The PSCs were stored in an illuminating laboratory space where the relative humidity is RH 

70% without any protection or encapsulation for 1000 h. Three PDMS-PSCs (0.03, 0.045, and 

0.06 wt %) maintained more than 85 % of their initial PCEs.
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Fig. S6. Stability test of the reference PSC (w/o PDMS) and PDMS-PSCs (0.03, 0.045, and 0.06 

wt %) for 1000 h, while being stored under a RH of 70 % and an illumination of yellow light.
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S7. Observation of PSC devices until 180 days

The perovskite solar cells were stored in an illuminating laboratory space where the relative 

humidity is RH 70% without any protection or encapsulation until 180 days. 

Fig. S7. Real surface photographs of both reference PSC and PDMS-PSC, taken at first day, 5 

days, 10 days, 30 days, and 180 days after the fabrication. 
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