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The recent trend of the high-performance perovskite solar cell (PSC) is based on multi-

component perovskite materials. The reproducible perovskite growth techniques are crucial for 

acquiring mixed halide perovskite films with precise stoichiometry, desirable morphology, and 

low defect density. Nowadays, solvent engineering techniques involving the formation of Lewis 

acid-base adduct in precursor films and application of anti-solvent dripping process are the 

mainstream for preparing solution based mixed halide perovskites. However, there are a number 

of limitations associated with using anti-solvent techniques to prepare large-scale samples. The 

morphology of the perovskite films is significantly affected by many factors such as the anti-

solvent dripping time, volume and location on the samples. Furthermore, the anti-solvent 

technique commonly works together with the spin-coating process and it would be difficult to 

apply to other large-scale solution processing techniques. 

A novel cryo-controlled growth technique is demonstrated to grow mixed halide perovskite 

for PSCs. The abrupt decrease in the ambient temperature results in a supersaturation condition in 

as-cast precursor films, leading to form uniform nucleation sites for subsequent crystal growth. A 

blow dry process is introduced subsequently to facilitate the removal of residual solvents from the 

films before thermal annealing. Our proposed strategies can effectively retard the pre-mature 

crystallization of the perovskites and, thereby, decoupling the nucleation and crystallization 

phases. This material growth approach can be applied to different types of mixed halide 

perovskites, ensuring excellent uniformity of the nucleation layers and, subsequently, higher 

quality perovskite films. Power conversion efficiency (PCE) of 21.4% with a fill factor of 80% for 

the champion PSC can be achieved by using the proposed perovskite growth technique without 

incorporation of anti-solvent. 

 

 

 

 

 

 

 

 

 

 

 


