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Hybrid organic-inorganic perovskite based solar technologies are generating a great deal of interest in 
the materials community.  In this work, we plan to discuss our ongoing work to characterize new 
synthesis routines and processes to generate sustainable and reliable perovskite-based materials whose 
properties are significantly better than the current state of the art. In particular, we are utilizing the latest 
advances in high-resolution analytical and in-situ microscopy to characterize these emerging 
photovoltaic materials and their interfaces, defects, and discrete paths to crystallization.  
 
There are longstanding interests in the relation between growth, microstructure, defects, electronic 
structure, and electro-optical activity for two reasons. The first reason is studies suggest there is a great 
deal of variability in the growth of these materials. The fundamental origins however remain nascent due 
to the current novelty of these materials and the complexities associated with studying beam-sensitive 
materials. Furthermore, beyond static conditions as shown in Figure 1, observing transient behavior 
associated with the growth of these materials is of increasing importance to set future research directions 
for generating next generation perovskite-based solar cells. The second reason is a more complete 
understanding of the microstructure, growth defects, and doping behavior and how they affect the 
efficiency of devices will be crucial in developing both sustainable and efficient perovskite-based solar 
technology. 
 
This talk will present the correlations between our current ongoing observations and measurement of the 
optical properties, microstructure, defects, and crystallization associated with perovskite-based solar 
cells. The guided use of the latest high-resolution state-of-the-art cathodoluminescence and in-situ 
(scanning) transmission electron microscopy (S/TEM) techniques to examine growth, crystallization, 
and material stability of this exciting class of materials will also be discussed at length [1].  
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Figure 1. (a) Above is an overview diffraction contrast TEM image of an as grown hybrid organic-
inorganic perovskite film. (b) Based on the image contrast and subsequent chemical profiling with lower 
voltage STEM-based imaging we have identified that the perovskite films grown to date are not phase 
pure, but contain regions of PbI2 (dark contrast) and CH3NH3PbI3 (light contrast). (c) The crystallinity of 
the film is further revealed with selected area electron diffraction, where both PbI2 and CH3NH3PbI3 
diffraction spots are revealed. (d) These results highlight the potential use of in-situ based microscopy 
where the effects of humidity, temperature, and solvent chemistry could be varied to lock-in on possible 
combinations to grow phase pure and potentially more stable perovskite based solar cells. 
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