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Supplementary Figure 1: (a) STEM HAADF micrograph and corresponding EDX map of a sample 

transferred in air over 2 minutes from the FIB to the TEM (same sample as shown in Figure 4b); (b) 

STEM HAADF micrograph and corresponding EDX map of the same sample after exposure to air for 10 

minutes outside the microscope, with the structural changes arrowed; (c) Higher magnification STEM 

HAADF image and EDX map of one of the Pb- and I-rich structures that formed during exposure to 

ambient air (arrowed); (d) HRTEM image and corresponding Fourier transform highlighting the presence 

of PbI2 within the structures impinging on the Spiro-OMeTAD. 

 

 
Supplementary Figure 2: STEM HAADF micrographs of a FIB-prepared sample thinned to different 

thicknesses (ranging from < 100 in i to > 500 nm in iv), showing (a) the full sample and (b) magnified 

views of the different regions, which exhibit a constant width of the I-rich layer in the Spiro-OMeTAD 

hole collector. 



 

 
Supplementary Figure 3: STEM HAADF images of the sample characterized electrically in Figure 1 and 

using EDX in Figure 3a, which show (a) the formation of voids and nanoparticles at the MAPbI3/HTL 

interface (indicated by arrows) when a forward current is passing through the thin lamella and (b) 

shrinkage of the MAPbI3 phase at the interface with the ETL (arrowheads) when the polarity is reversed. 

These changes are further highlighted in (c) and (d) in HAADF images and corresponding intensity 

profiles recorded from the sample characterized in Figure 2. A reverse polarity leads to the formation of 

voids at the MAPbI3/ETL interface and to an increase in HAADF intensity at the position of the ETL. 

Moreover, the HAADF intensity decreases at the position of the hole collector when the polarity of the 

HTL is changed from positive to negative, with this intensity then remaining constant as the HTL remains 

negatively biased (arrowed in c). On the other hand, voids appear at the HTL interface as the MAPbI3 

shrinks under forward conditions (arrows in d), with the HAADF intensity at the position of the HTL 

increasing at the same time (arrowhead in d). 

 



 
Supplementary Figure 4: Comparison of STEM HAADF micrographs of regions (a) exposed to the 

electron beam (region shown in Figure 2a) during biasing of the sample to +6V and then to -6V for 5 min 

in the TEM and (b) not previously irradiated by the electron beam. Both images demonstrate the growth 

of PbI2 nanoparticles irrespective of the total dose received by the region of interest. 

 

 
Supplementary Figure 5: STEM HAADF micrographs (a) before and (b) after the acquisition of an EDX 

map (beam current of ~300 pA, acquisition time of 15 min). PbI2 nanoparticles that formed as a result of 

electrical characterization in situ in the TEM appear less visible, presumably as a result of amorphization 

(observed by selected area diffraction, not shown here) and redispersion of species by the electron beam. 

 

 
Supplementary Figure 6: (a) STEM HAADF micrograph and (b) corresponding EDX map of the 

MAPbI3/ETL interface after ex situ J-V characterization (sample shown in Figure 4). Ionic migration and 

voids are not observed at this interface, as the cell was assessed below the breakdown voltage threshold.  

 



 
Supplementary Figure 7: Selected area electron diffraction pattern and corresponding radial profile 

highlighting the presence of PbI2 domains in the sample tested ex situ shown in Figure 4b. 

 

 
Supplementary Figure 8: (a) J-V curves along with individual data points (when HAADF images were 

acquired) measured in situ in the microscope, with the last curve recorded at the end of the in situ 

experiment after intensive degradation of the sample (sample shown in Figure 3a). The arrow indicates 

the order in which the J-V curves were recorded; (b) J-V curves measured before and after passing 

60 mA cm-2 through a full perovskite solar cell for 20 min. The results show a clear degradation as the 

efficiency drops from ~13 to ~3%. The cell was deposited and measured using the procedure described in 

ref 3. 

 


