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Abstract: Spectral confocal sensors are effective for measuring displacements. The core of the spec-
tral confocal measurement system is a dispersive objective lens that uses optical dispersion to estab-
lish a one-to-one correspondence between the focusing position and wavelength, achieving high-
resolution measurements in the longitudinal direction. Despite significant progress in dispersive
objective lenses for spectral confocal sensor systems, challenges such as a limited dispersion range,
high cost, and insufficient measurement accuracy persist. To expand the measurement range and
improve the accuracy of the spectral confocal sensor, we designed a compact, long-axial dispersion
objective lens. This lens has a simple structure that requires only six lens elements, two of which
form cemented doublets. The system length is 58 mm, with a working distance of 46 + 6 mm and a
dispersion range of 12 mm within the wavelength range of 450-656 nm. The lens has an object-side
numerical aperture (NA) of 0.22 and an image-side NA between 0.198 and 0.24, ensuring high light
energy utilization. Finally, a spectral confocal measurement system was constructed based on the
designed dispersive objective lens, and performance evaluation tests were conducted. The test re-
sults showed that the system achieved a resolution of 0.15 pm and a maximum linear error of +0.7
um, demonstrating high-precision measurement capabilities. The proposed lens design enables the
development of more portable and cost-effective spectral confocal sensors.

Keywords: spectral confocal sensor; dispersive objective lens; displacement sensor; spectrometer

1. Introduction

With the rapid development of micro- and nanoscale precision manufacturing in re-
cent years, various precision measurement techniques have been widely adopted in the
aerospace, automotive, and microelectronics industries. Optical measurements, which are
known for their noncontact nature, fast response, and high accuracy, have been exten-
sively utilized. Common optical measurement techniques include interferometry, trian-
gulation, and spectral confocal measurements. Interferometry can provide high-precision
information regarding the surface shape and film thickness [1-3]; however, it requires
stringent environmental conditions and device stability, which limits its applicability to
some materials. Triangulation can achieve long-distance measurements but requires a vis-
ible target surface and specific geometric conditions [4]. Additionally, optical sensors
based on the FDTD (Finite-Difference Time-Domain) method [5] can simultaneously as-
sess multiple parameters, such as the displacement, thickness or relief profile, tilt angle,
and refractive index. Moreover, they achieve high precision and multifunctional measure-
ments, but their measurement range is relatively small. In contrast, spectral confocal
measurements are largely independent of the surface topography and offer a high reso-
lution and sensitivity across diverse samples and environmental conditions. This tech-
nique accurately measures the surface displacement, thickness of transparent objects [6,7],
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