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Design of Linear Dispersive Objective for Chromatic
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Abstract In this study, the working principle of the chromatic confocal displacement sensor and the conditions of
linear axial dispersion were applied for the optimal selection of three kinds of glass materials, namely N-KZFS11,
N-SF66, and N-PK52A, which were combined with the theory of aberration to design the initial structure of a linear
dispersive objective composed of three single lenses and two double cemented lenses. Then, the Zemax software was
used to optimize the initial structure of the dispersive objective and analyze its tolerance. The results indicate that
within the wavelength range from 450 nm to 650 nm, the blur spot at each wavelength is much smaller than the
Airy spot. The measurement range of the dispersive objective is up to 1.05 mm, the linear determination coefficient
R*? between the axial dispersion and wavelength is 0.997, and the theoretical resolution could reach 105 nm.

Key words  optical design; chromatic confocal displacement sensor; dispersive objective; linearity; tolerance
analysis
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Fig. 1 Working principle of chromatic confocal displacement sensor
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Table 1 Combinations of glass materials that satisfy linear axial dispersion condition

Combination 1 Combination 2

Combination 3

Combination 4 Combination 5

Parameter (N-KZFS11,  (N-KZFS11,N-PK51, (N-KZFSI11, (N-KZFS11,  (KZFS12,N-PK52A,
N-SF66,N-PK52A) N-SF66) N-PK52A,N-SF66) N-PK51A,N-SF66) N-SF66)
o 0.1040 0.1040 0.1020 0.1080 0.1080
®2 —0.0367 —0.0347 —0.0347 —0.0367 —0.0247
@3 —0.0340 —0.0360 —0.0360 —0.0380 —0.0500
Sser 1.0065 1.0000 1.0104 1.0532 1.0049
N
iR 0.000000009 0.000000172 0.000000602 0.000000619 0.000000766

F2 AH1MEBSH

Table 2 Glass parameters in combination 1

Material N-KZFS11 N-SF66 N-PK52A
Refractive index 1.6377 1.9229 1.4970
Abbe number 42.41 20.88 81.61

Optical power 0.1040 —0.0367 —0.0340
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Fig. 2 Initial structure of dispersive objective
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Table 3 Lens parameters for each dispersive objective

Radius of front

Radius of back

Lens number Glass Optical power Thickness /mm
surface /mm surface /mm
1 N-SF66 —0.0183 —101.158 101.158 2
2 N-PK52A —0.0170 —58.801 58.801 2
3 N-KZFS11 0.0347 35.790 —35.790 5
4 N-SF66 —0.0183 127.147 35.790 2
5 N-KZFSI1 0.0347 35.790 —35.790 5
6 N-KZFS11 0.0347 35.790 —35.790 5
7 N-PK52A —0.0170 —35.790 162.592 2
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Fig. 3 Structure of dispersive objective after optimization
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Table 4 Results of Monte Carlo analysis

Less than 90%

Radius of of spot radius
Wavelength /pm ) )
Airy spot /pm in Monte Carlo

analysis /pm

0.45 1.138 1.09199
0.47 1.189 1.12103
0.49 1.240 1.19069
0.51 1.290 1.12016
0.53 1.341 1.17195
0.55 1.391 1.17152
0.57 1.442 1.26518
0.59 1.493 1.13704
0.61 1.543 1.16347
0.63 1.594 1.22053
0.65 1.644 1.20372
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