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Metal halide perovskites (MHPs) have gained significant scientific interest due to their outstanding optoelectronic 

properties and high efficiencies in solar cell photoconversion. There are many ways to prepare MHPs of reasonable 

quality, the solution process is still the best in this manner. But the vacuum-based methods, which are relevant for 

industry and large area deposition, are not lacking far behind. The final product is always the MHP thin film of similar 

morphology and structure. The only substantial difference is the dimension of the grains, which used to be larger for 

solution processed films. Therefore, logical question arises, what are the differences in the MHP film formation? 

Recently, with the insight of in-situ photoluminescence (PL) and GIWAXS measurements, we have studied the MHP film 

deposition by solution processes.1 Based on the results depicted bellow, we divided the MHPs growth into three stages. 

In short, we see fast growth of MHPs grains from GIWAXS in the first growth stage, accompanied by proportional 

increase in PL signal. However, in the second stage the growth speed significantly decreases, and the PL signal is highly 

quenched. This observation means that the free grown grains (stage I) are of low defect densities, but once they start 

to connect (stage II) the grain boundaries are formed, where defects are concentrated. This leads to rapid decrease of 

the PL signal. The last stage documents partial degradation at long deposition times only. Surprisingly, very similar 

observation was done by in-situ measurement of evaporated MHPs2 and films prepared by pizza oven deposition.3 

Recent results shows the same tendencies for the pulsed laser deposited MPHs as well [4].  

Deeper understanding to this universal formation mechanism of MPHs thin films give us a unique opportunity to 

enhance its optoelectronic quality. One critical aspect is formation of large grains, the second one is the passivation 

process mainly at the grain boundaries. In-situ PL characterization is able to guide us through these processes, defect 

passivation directly during the crystallization or growth process is controllable by this way. Direct defect passivation 

may lead to substantial VOC increase in the finalised MHPs solar cell. 
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