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[ Abstract ] To address challenges in crystalline silicon texturing such as uncontrollable reaction rates, severe wafer surface damage,

and insufficient light trapping performance, this study focuses on molecular design and performance optimization of

high-efficiency low-damage texturing additives. Through density functional theory screening, target molecules

containing nitrogen-containing heterocycles and hydroxyl functional groups were identified. A synergistic

"adsorption-regulation-corrosion inhibition" mechanism was established to develop a series of novel additives.

Experimental validation using monocrystalline silicon texturing demonstrated that the optimal additive reduced wafer

surface reflectivity to 10.2%, controlled corrosion rate at 0.8 p m/min, and decreased damage layer thickness by 42%

compared to traditional additives. This research provides critical material support and technical references for enhancing

the photoelectric conversion efficiency of crystalline silicon solar cells.
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