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Abstract

As the core foundation of microelectronic devices and optoelectronic components manufacturing, the surface roughness during
the processing of silicon materials directly affects the performance and yield of finished products. To meet the manufacturing
requirements of high-performance devices, controlling the microstructure of silicon material processing surfaces has become a key
technical step. This article focuses on the roughness issues that arise during the cutting, grinding, polishing, and other processing
stages of silicon materials. It systematically summarizes the core factors that affect surface quality, explores the application
mechanisms and effects of control paths such as ultra precision machining, chemical mechanical polishing, and laser assisted
technology, and compares and analyzes typical process technologies. By constructing a correlation model between roughness control
technology and terminal application performance, the balance relationship between control accuracy, processing efficiency, and
cost is pointed out, the bottlenecks in the current industrialization process are clarified, and the direction basis for future sustainable
development is proposed.
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