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High precision measurements of surface textures and their utilization in optical
simulations

— Estimation of the characteristics of light scattered from a surface geometric microstructure —

TOYOTA Toshihiro, SHICHI Wataru, YANAGIHARA Wataru, KINO Naoki, ONIKUBO Ikuo
and SUZUKI Taka-aki

Geometrically regular roughness on surface like hair-lines causes light diffraction so called rainbow effect. This
phenomenon is often observed on the high-precision machined surfaces of injection molding dies. Such regular
roughness unexpectedly transferred by injection molding on the optical components result degradation of optical
properties as light scattering.

Gonio-spectrophotometric color measurement instruments have been used to measure these light scattering
characteristics which depend on light incident angles and scattering angles. These instruments provide the light
scattering characteristics on a surface as their mean values over a certain area. For this reason, optical measurements
only produce degenerated characteristic data for regular surface roughness.

Meanwhile, the surface geometrical structure can be digitized as set of high-density point cloud based on the
light interference principle. These set of point cloud are used to evaluate surface roughness parameters such as Ra and
Sa. Although light diffraction phenomena such as the rainbow effect are caused by the regularity of surface
microstructures, most discussions of light scattering characteristics do not pay attention to them.

This report demonstrates that light scattering characteristics, including light diffraction, can be estimated

precisely by using micro-area geometrical structures.

Keywords : high-precision machining, surface roughness, optical diffraction, wave optical simulation
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