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Common Failure Modes and Preventive Measures for Crystalline Silicon Photovoltaic Cells
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Abstract: Crystalline silicon photovoltaic cells face numerous risks of damage during prolonged use, which can
severely impact power generation efficiency and service life. This article comprehensively summarizes the primary
causes, mechanisms, and mitigation strategies for these damages. It first clarifies the fundamental concepts of damage
causes and their adverse effects on power plant production efficiency, categorizing common failures into two main
types: performance degradation and mechanical damage. The study then elaborates on the principles of ion migration
and voltage accumulation in potential-induced degradation (PID), the formation and progression of hot spots and
snail trails, as well as the causes and root reasons behind surface cracking, solder corrosion, and gradual deterioration
of encapsulation materials. It investigates the combined effects of material properties, production process defects,
external environmental stressors, and electrical conditions. To address these issues, the article proposes three solutions:
improving PID resistance through enhanced surface reflector layers, encapsulation film materials, and overall module
design during manufacturing; and emphasizing periodic infrared inspections, insulation resistance measurements, and
timely maintenance during power plant operation to effectively extend battery lifespan.
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