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HF酸刻蚀提升熔石英亚表面划痕抗损伤性能的机理 

王凤蕊, 郑直, 刘红婕, 黄进, 周信达, 蒋晓东, 吴卫东, 郑万国 

中国工程物理研究院激光聚变研究中心, 四川 绵阳 621900 

摘要： 

用HF酸刻蚀熔石英元件,研究刻蚀对元件后表面划痕的形貌结构及损伤性能的影响,探索损伤阈值提升的原因.时域有限差分算法理论计

算结果表明:对于含有50 nm直径氧化锆颗粒的划痕,对入射光调制引发场增强的最大值是入射光强的6.1倍,且最强点位于划痕内部氧化

锆颗粒附近,而结构相同但不含杂质的划痕引发的最大场增强为入射光强的3.6倍,最强区位于划痕外围;HF酸刻蚀能够有效去除划痕中的

杂质,改变划痕结构,增加其宽深比值,经刻蚀的划痕对入射光调制引发场增强降低到入射光强的2.2倍.实验结果表明,经过深度刻蚀的划

痕初始损伤阈值较刻蚀之前提高一倍多;光热弱吸收测试仪测试刻蚀后划痕对1 064 nm激光的吸收最大值仅为230 ppm.HF酸刻蚀同时

可以提升元件整体损伤阈值,由于元件上无缺陷区域损伤阈值随刻蚀的深入先增加后降低,因此HF酸刻蚀应进行到元件损伤阈值提升到最

大值为止. 
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Mechanisms of HF Solution Improving Damage Properties of Fused Silica Subsurface Cracks

WANG Feng-rui, ZHENG Zhi, LIU Hong-jie, HUANG Jin, ZHOU Xin-da, JIANG Xiao-dong, WU Wei-dong, ZHENG 
Wan-guo

Laser Fusion Research Center, China Academy of Engineering Physics, Mianyang, Sichuan 621900, China

Abstract: 

Fused silica optic was etched by HF solution, the morphology and damage properties of micro subsurface cracks were 
studied, and factors increased crack damage properties were explored. Finite difference time domain algorithm was used 
to calculate light intensification in the vicinity of cracks. Calculation results show that light intensification caused by crack 
contained with ZrO2  particle (diameter 50 nm) is 6.1 times of the incident light, and the maximum intensity lies inside the 

crack and close to the particle. However the light intensification caused by crack with the same structure and without 
particles inside is 3.6 times of the incident light, and the maximum intensity lies outside the crack. By HF etching, 
contaminations in crack are eliminated, breath depth ratio of the crack is increased, and light intensification caused by the 
etched crack is only 2.2 times the incident light. Experimental results also indicate that damage threshold of deeply etched 
crack is increased by one time, and 1 064 nm absorption of it is only 230 ppm. Damage performance of crack free area is 
also improved by HF ethcing, but damage threshold of the crack free area does not increase as along as etching proess 
goes on. It begins to decrease after reaching a maximum value, thus etching process will terminate till damage threshold 
of the crack free area reaches its maximum value.
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