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Abstract: High-purity synthetic quartz is a pivotal foundational material underpinning semiconductors, optical communications,
aerospace and other sectors. It circumvents resource limitations of high-quality natural quartz ores and provides a critical pathway for
China to realize industrial self-reliance in high-purity quartz materials. This study summarizes the current status and trends in the
global technology and industry development of high-purity synthetic quartz, and analyzes the development status and challenges faced
by China. China has achieved mass production of mid-to-high-end synthetic quartz products; however, top-tier scenarios including
extreme ultraviolet lithography and ultra-high-precision optics remain monopolized by overseas giants. Moreover, multiple
bottlenecks still exist. First, there is a lack of in-depth understanding of extreme-regime process mechanisms, coupled with insufficient
capabilities to modulate multi-physics-field coupling, micro-defects, and internal stress, leading to unsatisfactory uniformity and yield
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of high-end products. Second, core deposition equipment and precision control systems are heavily reliant on imports, restricting
domestic iterative upgrading. Third, there is a shortage of validation platforms for extreme operating conditions together with
imperfect evaluation standards, resulting in prolonged qualification cycles and high entry thresholds for high-end products.
Furthermore, this study proposes the following recommendations: strengthening national strategic guidance and sustained long-term
investment, to assess industry-specific technological barriers and define roadmaps for key technological breakthroughs; fostering an
integrated innovation ecosystem driven by major application demands while focusing on the coordinated advancement of core
equipment and engineering process within extreme conditional windows; cultivating interdisciplinary talents spanning materials,
equipment, and engineering, and deepening high-level international collaboration; establishing national testing platforms for extreme
operating conditions together with indigenous evaluation standards systems, while improving upstream-downstream collaborative
innovation and risk-sharing mechanisms, thus to integrate the entire chain spanning fundamental research, engineering scale-up, and
application validation. These measures are expected to drive the self-reliant and high-quality development of the high-end synthetic

quartz industry.
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