Metal halide perovskites have attracted significant interest in a wide range of optoelectronic
applications. In photovoltaics, polycrystalline perovskite films have demonstrated remarkable
performance, particularly using defect passivation strategies. However, the integration of these
materials into efficient and stable devices requires precise control over defect densities and material
guality, motivating the development of alternative perovskite solid-state form, such as single
crystals. Here, we present two complementary approaches aimed at understanding and controlling
defect-related properties in metal halide perovskites. First, using machine-learning-assisted analysis,
we investigate the relationship between defect passivation and the open-circuit voltage of
polycrystalline perovskite-based devices as a function of their composition. Second, we introduce
an approach for the deposition of perovskite single crystal junctions with a high surface-to-volume
ratio and low defect density crystalline structure, with geometries suitable for their integration into
photodetectors. Together, these studies highlight complementary strategies for controlling defects
in metal halide perovskites, from chemical passivation in polycrystalline films to controlled crystal
growth, providing new perspectives for the development of well-performing and stable
optoelectronic devices.



