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High-precision optical measurement method based on

discrete path and splicing

Shen Zhengxiang'**, Wang Xu'?, Yu Jun'”

(1. Key Laboratory of Advanced Micro-Structure Materials, Ministry of Education, Tongji University, Shanghai 200092, China;
2. Institute of Precision Optical Engineering, School of Physics Science and Engineering, Tongji University, Shanghai 200092, China)

Abstract: In the manufacturing of ultra-precision optical elements, high-precision optical detection technology
is the key to further improve the optical processing accuracy and to characterize and evaluate the optical surface
morphology. Non-contact optical detection method has been widely used because of its high efficiency and no
damage detection. But the external environment disturbance can easily affect the optical probe and reduce the
detection accuracy. Therefore, a method of discrete detection path and splicing is proposed in this paper. The
traditional spiral path is divided into multi-circular and multi-path paths. The compensation of environmental
disturbance error is realized by the data splicing between paths. The parameter setting of discrete detection path is
analyzed, and a uniform distribution strategy of circular path is given. Finally, based on the optical detection
platform, the verification experiment of the compensation method of environmental error is carried out. Compared
with the uncompensated results, the measurement relative error is reduced from 24.3% to 4.3%.
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Fig.4 Simulation results of environmental error suppression method
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Tab.1 Performance test of the lathe Tab.2 Parameters of the probe
Performance test Result Parameter Specification

X-axis horizontal straightness/pum 0.129 Measuring range/pm 300
X-axis vertical straightness/pum 0.360 Working distance/mm 4.5

Z-axis horizontal straightness/um 0.063 Resolution/nm 3

Z-axis vertical straightness/pum 0.753 Spot diameter/um 5
X-Z axes squareness/(") 0.486 Lateral resolution/um 2.5
C-axis motion error (radial)/pm 7.21 Numerical aperture 0.5

C-axis motion error (axial)/nm 6.58 Measurement angle/(°) 90+30
C-axis positioning accuracy/(") 0.60 Measuring accuracy/pm 0.1
Reproducibility/nm 30
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Fig.7 Chromatic confocal probe with vertical adjustable mount
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Tab.3 Experimental data

Unsuppressed Suppressed Interferometer

RMS value/pm 0.174 0.146 0.140
Standard deviation/um 0.006 0.009 -
. Deviation from 0.034 0.006 )
interferometer/pum
Relative error 24.3% 4.3% -

AL 2, PR 22 R0 RMS {64 0.174 um,
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