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Abstract: 

Perovskite solar technology is at a crossroads requiring a realistic approach to commercialization 

and module lifetimes. We demonstrate scalable and reproducible open-air perovskite deposition at 

the fastest production speeds reported, enabling large-area perovskite photovoltaic (PV) modules 

that can be manufactured at low cost. Perovskites have the potential to produce energy at a lower 

cost than silicon PV for utility-scale power generation if the modules can operate for at least 10 

years. Our work demonstrates an industrially relevant attempt to address both scalable (and fast) 

open-air module manufacturing and studies related to the stability of the resulting perovskite 

modules. Our Rapid Spray Plasma Processing (RSPP) technique enabled the highest perovskite 

PV efficiency produced in open-air manufacturing environments. The stability of perovskite cells 

is addressed by considering the mechanisms related to stability of the perovskite layer itself, along 

with the charge transport and metal electrodes. These act often synergistically to degrade cell 

performance. When exposed to elevated temperatures, metal halide perovskites suffer from 

decomposition to PbI2, volatilization of the organic component from the crystal structure, and even 

metal diffusion of the top contact through the top carrier selective contact to the perovskite. Several 

of these mechanisms are described together with longer term ageing and field exposures to enable 

a better understanding of perovskite module lifetimes and long-term stability. 
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