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Axial spacing measurement of optical elements based on
polarization diffraction dispersion confocal method
NING Yuewen, HU Yao, TAO Xin, HAO Qun

(Beijing Key Laboratory for Precision Optoelectronic Measurement Instrument and Technology, School of Optics and

Photonics, Beijing Institute of Technology, Beijing 100081,China)

Abstract: The axial spacing measurement between optical elements is of great significance to the positioning
and adjustment of precision optical systems. Aiming at the problems of complex dispersive objective lens
structure and small dispersion range in the existing dispersion confocal measurement system, a method for
measuring the axial spacing of optical elements based on the method of polarization diffraction dispersion
confocal was proposed. The axial dimension of a traditional refractive confocal lens with a few hundred
millimeters and the complex alignment requirements were simplified to a single-chip lens with a few
millimeters, which simplified the system structure. The results of lens spacing and thickness measurement
experiments show that the spacing measurement error is 10 pm.
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Fig. 1 Polarization characteristics of dispersive objectives

based on polarization diffraction
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Fig.2 Spacing measurement schematic and system diagram

based on polarization dispersion confocal system
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Fig.3 Schematic diagram of planoconvex lenses spacing

measurement
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Fig.4 Measuring spectrum and results

B V& &, 20087 & B M B 15.000 mm,
Xof e 00 375 5 1B B PR AT 10 YCER A2 0 i, 22 UM 45
AN 4(b) Bz o AL & A4 {H 2 14.996 mm,
PRUEZE R 10 pm, FXFFRHEZE A 6.7x107,

3 4ip

A S T R T T T B
ARl ) D HEL ), 2% R 2 D O A
B2 TR AR AR i ) €22, B KT AE T R
Geoh e, e T (0 A A T R 52 o B B
A /N LR o R ASHEAT R, IR 2 A
S T 37 1 5L I i) I T 00 L 92 4 AR
S, ()R RS B 10 pumeo X200 25 BT 43
BF, E B T 3207 4 0 7T A5 HE R e, Ok R 5
PG T Il T S B AR T R, W R G
il 4 AT — o T

&E 30k
[1] SURET, HEIL J, WESNER J. Microscope objective pro-
duction: on the way from the micrometer scale to the

nanometer scale[J]. SPIE, 2003, 5180: 283-292.

[2] GUAN Wei, WANG Zhangli, WANG Zhonggiang, et al.
Precise axis centering calibration technology for optical
lens[J]. Journal of Applied Optics, 2018, 39(2): 252-256.
B, BRI, EraR, G G EBRZoR i O
HAI]. B, 2018, 39(2): 252-256.

[3] LIMengjuan, LIAO Zhibo, WANG Chunyu. Analysis and
control on assemblage tolerance in small-aperture high-
precision refractive optical system[J]. Journal of Applied
Optics, 2015, 36(2): 277-281.
iR, BN, FEM. D OREREER O R
BRI N 220 3 W S8 [, e, 2015, 36(2):
277-281.

[4] WESTORT. Design and fabrication of high performance
relay lenses[J].Proceedings of the Society of Photo-Op-
tical Instrumentation Engineers, 1985, 518: 40-47.

[5] LANGEHANENBERG P, DUMITRESCU E, HEIN-
ISCH J, et al. Automated measurement of centering er-
rors and relative surface distances for the optimized as-
sembly of micro-optics[J]. SPIE, 2011, 7926: 79260E-1-
8.

[6] LANGEHANENBERG P, RUPRECHT A, OFF D, et al.
Highly accurate measurement of lens surface distances
within optical assemblies for quality testing[J]. SPIE,
2013, 8844: 88444F-1-8.

[7] WILHELM R, COURTEVILLE A, GARCIA F. A novel
low coherence fibre optic interferometer for position and
thickness measurements with unattained accuracy[J].
SPIE, 2006, 6189: 618918-1-11.

[8] ZHAO W, SUN R, QIU L, et al. Lenses axial space ray
tracing measurement[J]. Optics Express, 2010, 18(4):
3608-3617.

[9] BOYDE A. Colour-coded stereo images from the tandem
scanning reflected light microscope(TSRLM)[J].J. Mi-
crosc, 1984(146): 137-142.

[ 10 ] GARZON J, GHARBI T, MENESES J. Real time determ-
ination of the optical thickness and topography of tissues
by chromatic confocal microscopy[J]. Journal of Optics
A: Pure and Applied Optics, 2008, 10(10): 104028-1-8.

[ 11 ] FUERST M, HAIDER C, CSENCSICS E, et al. Confocal
chromatic sensor with actively tiltedlens for 3D measure-
ment[J]. Journal of the Optical Society of America A,
2020, 37(9): B46-B52.

[ 12 ] KUNKEL M, SCHULZE J. Noncontact measurement of

central lens thickness[J]. Glass Science and Technology,


https://doi.org/10.5768/JAO201536.0203007
https://doi.org/10.5768/JAO201536.0203007
https://doi.org/10.5768/JAO201536.0203007
https://doi.org/10.1364/OE.18.003608
https://doi.org/10.1088/1464-4258/10/10/104028
https://doi.org/10.1088/1464-4258/10/10/104028
https://doi.org/10.1364/JOSAA.394212
https://doi.org/10.5768/JAO201536.0203007
https://doi.org/10.5768/JAO201536.0203007
https://doi.org/10.5768/JAO201536.0203007
https://doi.org/10.1364/OE.18.003608
https://doi.org/10.1088/1464-4258/10/10/104028
https://doi.org/10.1088/1464-4258/10/10/104028
https://doi.org/10.1364/JOSAA.394212

702 - N H

A2 4

[13]

[14]

[15]

2005, 78(5): 245-247.

QIAO Yang, ZHANG Ning, XU Xiping, et al. Design of
lens thickness measurement system based on confocal
technology[J]. Chinese Journal of Scientific Instrument,
2011, 32(7): 1635-1641.

I B, 5K T, ARERF, S BT IR Y A R )
ARGt V] AR, 2011, 32(7): 1635-1641.
SHIK, LI P, YIN S, et al. Chromatic confocal micro-
scopy using supercontinuum light[J]. Optics Express,
2004, 12(10): 2096-2101.

OLSOVSKY C, SHELTON R, CARRASCO-ZEVAL-

LOS O, et al. Chromatic confocal microscopy for multi-

[16]

[17]

depth imaging of epithelial tissue[J]. Biomedical Optics
Express, 2013, 4(5): 732-740.

ZHOU Yong, GUO Banghui, WANG Xiaoxun, et al.
Design of lens central thickness measuring optical sys-
tem[J]. Laser & Optoelectronics Progress, 2016, 53(3):
94-100.

JA 5, AR, E9, 55 BB ORI RGO
B[], FOE SR kR, 2016, 53(3): 94-100.
KOMANDURIR K, ESCUTI M 1J. High efficiency re-
flective liquid crystal polarization gratings[J]. Applied
Physics Letters, 2009, 95(9): 091106-1-3.


https://doi.org/10.1364/OPEX.12.002096
https://doi.org/10.1364/BOE.4.000732
https://doi.org/10.1364/BOE.4.000732
https://doi.org/10.1364/OPEX.12.002096
https://doi.org/10.1364/BOE.4.000732
https://doi.org/10.1364/BOE.4.000732
https://doi.org/10.1364/OPEX.12.002096
https://doi.org/10.1364/OPEX.12.002096
https://doi.org/10.1364/BOE.4.000732
https://doi.org/10.1364/BOE.4.000732
https://doi.org/10.1364/BOE.4.000732
https://doi.org/10.1364/BOE.4.000732

	引言
	1 测量原理和系统实现
	1.1 偏振衍射色散物镜特性
	1.2 间距测量原理
	1.3 波长-位置标定方法

	2 厚度及间距测量实验
	3 结论

