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离子束作用下的光学表面粗糙度演变研究

廖文林;戴一帆;周林;陈善勇

国防科技大学机电工程与自动化工程学院,湖南长沙410073

摘要： 

为了获得超光滑光学表面，介绍了离子束作用下改善表面粗糙度的抛光方法，并通过相关的实验进行了验证。光学

材料是典型的硬脆材料，在加工过程中的表面粗糙度要经历复杂的演变过程。离子束加工作为光学镜面加工中的最

后一道工序，如果在修正面形的同时，能够有效地改善表面粗糙度，那么离子束加工的性能就可以得到更好的延

伸。分析了离子束作用下的粗糙度演变机理，在此基础上提出了倾斜入射抛光和牺牲层抛光技术2种改善表面粗糙

度的方法，并使用原子力显微镜进行了测量。实验结果表明：以45°倾斜入射抛光熔石英样件，其粗糙度由初始的

0.67nm RMS减小到0.38nm RMS；涂上牺牲层的材料表面粗糙度由0.81nm RMS减小到0.28nm RMS，倾斜入射

抛光和牺牲层抛光技术能够有效地改善表面粗糙度。 
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Optical surface roughness in ion beam process

LIAO Wen-lin; DAI Yi-fan; ZHOU Lin; CHEN Shan-yong 

College of Mechanical Engineering Automation, National University 
of Defense Technology, Changsha 410073, China 

Abstract: 

In order to obtain ultra-smooth optical surface in ion beam process, the process methods for reducing 
surface roughness are introduced and validated by experiments. Optical material is typical hard and 
brittle material, whose surface roughness evolves complicated variation in process. As the final precision 
machining, ion beam figuring can correct figure error and improve optical surface roughness. Based on 
the evolvement mechanism of surface roughness in ion beam process, the methods of obliquely 
incidence figuring and coating sacrificial layer technology were investigated. The surface roughness was 
measured by atomic force microscope (AFM). Experimental results indicate that the surface roughness 
was reduced from 0.67nm RMS to 0.38nm RMS when figuring fused silica sample was processed at 
oblique incidence angle of 45°. Similarly, the surface roughness was reduced from 0.81nm RMS to 
0.28nm RMS after removing sacrificial layer. The methods of obliquely incidence figuring and sacrificial 
layer figuring technology can effectively improve surface roughness in ion beam figuring.

Keywords: ion beam figuring (IBF)   optical surface roughness   obliquely incidence figuring   sacrificial 
layer figuring technology   
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