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Abstract

Perovskite cells, as efficient and low-cost solar photovoltaic materials, have attracted much attention due to their excellent
photoelectric conversion efficiency (single-junction > 33%, tandem > 35%) and flexible characteristics. This paper reviews its core
progress in power generation technology: Material component optimization improves stability and carrier mobility through the
gradient design of mixed cations (FA+/MA+/Cs+) and halogens; Interface engineering utilizes functional layers such as SnO,/
Spiro-OMeTAD and two-dimensional perovskite passivation technology to suppress recombination loss and extend service life. The
environmental protection direction focuses on lead-free tin/bismuth substrate materials and biodegradable packaging technologies to
promote sustainable development. Meanwhile, the challenges of large-scale preparation and environmental stability were discussed,
and the strategies of photovoltaic-thermoelectric collaborative optimization and Al design were proposed, providing a reference for
the development of efficient and stable green photovoltaic technologies.
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