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Figure S1 XRD pattern collected for 30 min deposited PbI2film as deposited and after annealed at 150°C for 1h. the XRD patterns 
collected before and after the annealing do not show any significant increase of the peak intensity confirming that the layer is already 
fully crystallized after deposition. The presence of some amorphous phase prior the annealing in fact, would increase the intensity of 
the peak due to the crystallization that would occur during the annealing at 150°C.
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Figure S 2 (a) Polar figures acquired at fixed 2 angle of 25.91° in samples deposited at different MAI time steps. Each circle in the 
polar frame corresponds to 10° in . (b) Representative spatial distribution of Lead (gray) and Iodine (green) in the PbI2 lattice. Related 
octahedral configuration with respect to the [0001] growth direction for PbI2 lattice.

Figure S 3 Pb 4f spectral region from high resolution XPS analyses performed on 30 minutes deposited PbI2 (a) and MAPbI3 (b). The 
deconvolution of the peaks does not show sign of metallic lead but rather a double peak  centered at 138.6 eV (Pb4f7/2) and 143.4 
eV (Pb4f5/2) typical of lead halides compounds. A slight shift at 138.2 ev (Pb4f7/2) and 143.0 eV (Pb4f5/2) can be seen in the MAPbI3 
sample due to the presence of MA+ cation inside the inorganic cage.
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Table S1 Chemical analyses obtained from XPS analyses performed on 30 minutes deposited PbI2 and MAPbI3. It is worth to know 
the increasinfg of the C1s and N1s amount due to the presence of the MA+ cation inside the film. The Pb/I ratio is 0.51 for PbI2 film 
and 0.35 for MAPbI3 that are very close to the theoretical values.

C 1s O1s N1s Pb4f I3d
PbI2 32.5 9.6 - 19.3 38.4

MAPbI3 43.3 29.8 4.8 5.8 16.1

Figure S 4 Energy Dispersive X-ray (EDX) spectroscopy performed on 30 minutes deposited PbI2 on ITO/PTAA. In the inset we show the 
scan region.

Table S2 Chemical analyses obtained from EDX analyses performed on 30 minutes deposited PbI2 sample deposited on ITO/PTAA.. 
Due to the high sampling depth, elements from the glass, ITO and PTAA are recongnizable. It is worth to note the Pb/I ratio of 0.47 
with a slight excess of Iodine species exclude the presence of atomic lead in the film.

ELEMENT WEIGHT 
%

ATOMIC 
%

N 3.29 8.27
O 20.05 44.77
Na 2.95 4.52
Mg 1.02 1.48
SI 18.95 23.72
Ca 3.34 2.93
In 33.30 10.20
Sn 3.86 1.14
I 7.09 1.97
Pb 5.56 0.94
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Figure S 5 The thickness of the perovskite, 80 and 150 nm, was determined by verifying that refractive index n obeys the Cauchy 
equation in the transparent region. In the graphs are reported the ellipsometric experimental data (Psi and Delta) collected at 
various angles and the Cauchy fit.

Figure S6 I-V Characteristics of the light soaked stabilized 150 nm MAPbI3 thick champion device.

Here we reported the model for the calculation of the ηID. In this model, J-V curve under illumination 

can be described by equation:

            eq S1
𝐽= 𝐽𝐿 ‒ 𝐽0{𝑒

𝑞(𝑉+ 𝐽𝑅𝑠)
(𝑛𝐼𝐷)𝐾𝑇 ‒ 1} ‒ 𝑉+ 𝐽𝑅𝑠𝑅𝑠ℎ

The previous equation can be written as follows: 
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eq S2
ln (𝐽𝑠𝑐 ‒ 𝐽 ‒ 𝑉

𝑅𝑠ℎ) = 𝑞

(𝑛𝐼𝐷)𝐾𝑇
(𝑉+ 𝐽𝑅𝑠) + ln 𝐽0

J0 and nID can be obtained by mathematical elaboration of experimental J-V curves under 

illumination, calculating the intercept and the slope of fitting curve  vs , 
𝑙𝑛(𝐽𝑠𝑐 ‒ 𝐽 ‒ 𝑉

𝑅𝑠ℎ) (𝑉+ 𝐽𝑅𝑠)
respectively. In the calculation, Rshunt and Rs are taken in each device as done by Liao et al. 70


