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Wang Shitong Yang Yongying Zhao Limin Chai Huiting Liu Dong BaiJian Shen Yibing
State Key Laboratory of Modern Optical Instrumentation, Zhejiang University, Hangzhou, Zhejiang 310027, China

Abstract Strong diffraction and scattering effects can be caused by micro or sub—micro scaled surface defects
of optical components. The distribution of scattering light on the image plane can not be explained simply by
geometrical optical theories. The electromagnetic model of triangle—shaped and rectangular surface defects is built
by using finite difference time domain (FDTD) method. The distributions of scattering light in the near—field region
and on the image plane are simulated. The scattering imaging experiment of sample defects is also performed. The
sample defects are rectangular and fabricated by electron beam exposure and ion beam etching. The gray
distributions in dark—field images are compared with intensity distribution of scattering light on the image plane
and show a good consistency. The results provide significant theoretical references for defect calibration in optical
manufacturing and testing.
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Fig.1 Principle of microscopic scattering dark—field imaging
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Fig.2 Illustration of incident angle a of LED sources. (a) a<a,; (b) a>«,
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Fig.3 2D electromagnetic simulation model of surface defect of optics
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Fig.4 Simplified model of surface defects. (a) Triangle—shaped; (b) rectangle—shaped
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Fig.5 Light intensity distribution of triangle—shaped defects (depth—width ratio is 0.1) on the image plane
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Fig.11 Intensity threshold of triangle-shaped defect. (a) [llustration of full-width intensity threshold; (b) error analyzing graph of
full-width intensity threshold
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Fig.12 Results of rectangular defects (w=0.5 pm) processed by threshold method. (a) Dark—field image and grayscale graph of
w=0.5 pm defects; (b) dark—field image and grayscale graph of w=6 pm defects
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Table 2 Parameters of grayscale graph of rectangular defects (0.5 pm, 6 pm)

W /pm wy, /m Gmax g'(p) g (p2)
0.5 6.16 175 5.7 -3.615
6 6.13 74 8.475 -5.565
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