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Improving the Stability of Perovskite Solar Cells through Low-Toxicity

Solvents and Copper Electrodes
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Abstract

Perovskite solar cells (PSCs) are considered a highly promising next-generation photovoltaic technology

due to their high power conversion efficiency (PCE) and solution-processability. However, process safety and

long-term device stability remain critical bottlenecks for their commercialization and mass production. Regarding

process safety, traditional fabrication relies heavily on N,N-dimethylformamide (DMF), which is highly

carcinogenic and poses risks to industrial-scale application. In terms of stability, silver (Ag) electrodes tend to

undergo interfacial reactions with perovskite materials, leading to metal diffusion and corrosion under high-

temperature and high-humidity conditions, which significantly degrades device performance. This study employs

a pure dimethyl sulfoxide (DMSO) single-solvent system to replace conventional toxic solvents, thereby enhancing

process safety and film formation stability. Furthermore, copper (Cu) is introduced as the metal electrode to replace

silver, and the impact of its evaporation rate on photovoltaic performance and long-term stability is investigated.

The resul

humidity

ts indicate that PSCs with Cu electrodes exhibit exceptional stability under high-temperature and high-

environments, with a PCE decrease of only approximately 0.2%. Moreover, after encapsulation with UV-

curable resin, the devices were subjected to thermal aging tests at 65°C and 65% relative humidity (RH). Even

after 80 h

ours of continuous aging, the Cu-electrode devices effectively maintained their initial PCE performance.

This study demonstrates that the combination of a green solvent system and copper electrodes offers distinct
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advantages in enhancing the thermal stability and operational reliability of perovskite solar cells.

Keywords: perovskite solar cells, cupper electrode, stability, green solvent
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