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Research Progress of High Precision Chromatic Confocal Displacement
Measurement Technology
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*Shenzhen International Graduate School, Tsinghua University, Shenzhen 518055, Guangdong, China;
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Abstract  With the rapid development of the advanced manufacturing industry, the chromatic confocal displacement
measurement technology has attracted great attention due to its advantages of high precision, strong adaptability, and high
efficiency. It has been widely used in many industries. This paper firstly introduces the application progress of chromatic
confocal technology, analyzes some researches in surface topography and workpiece thickness measurement, and explains
the performance characteristics of chromatic confocal technology in displacement measurement in many aspects. Secondly,
this paper details the key components of chromatic confocal technology, including broad-band light source, dispersive
objective, conjugate pinhole, and spectral detection and processing, and demonstrates various innovative ideas in the
chromatic confocal technology. These specific implementation technical solutions are broadly compared and analyzed,
including the technical characteristics, advantages and disadvantages. Finally, this paper summarizes and prospects the
existing technical problems of chromatic confocal displacement measurement technology, in order to provide references for
the performance improvement and application expansion of the chromatic confocal technology.

Key words instruments, measurement and metrology; displacement measurement; chromatic confocal technology;
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Fig. 1 Diagram of chromatic confocal technology. (a) Basic

principle; (b) response curve
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Table 1 Performance parameters of several chromatic confocal sensor products
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Maximal slope angle /(°) +28 445 +13 +28 +40
Spot size /pm 4 5 9 10 3.4
Axial resolution /nm 102 20 16 20 1
Linearity error 455 nm 170 nm +0.08 % +0.02 % —
Diameter /mm 27 43 8 27 35
Measuring frequency /kHz 2.0 4.0 6.5 4.5 4.0
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Fig.2 Turned and milled surface measurement by chromatic confocal sensor
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Fig. 3 On-machine furface profile measurement by chromatic confocal technology. (a), (b), (¢) Turned sphere surface™;

(d), (e), (D) grinded free-form surface”
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Fig. 7 Film thickness measurement by chromatic confocal technology. (a), (b) Double-layer reflective method"™;

(c) constant incident-angle method™”’
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