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Fig. 1 Chromatic aberration of positive lens position

K2 fUEES NS o E G 2%
Fig. 2 Position chromatic aberration of negative lens and inner
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Fig. 3 Combination of positive lens and catadioptric structure

for achromatic aberration
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Table 1 Design parameters of optical system

Parameter Value
Wavelength /nm 275-600

Numerical aperture 0.91

Focal distance /mm 10. 44
View of image height /mm 0.3
Field curvature /nm 150
Distortion /% 0.1

Telecentricity /mrad 5

3.2 EHXRARZEMREN

N ) A% 22 B e, R DG AL E )13 A LA

ZOCHWI IS, AR = (3) (4w
tanu' = tanu + h/f’, (3)
hi=h,_,—d,_*tanul_,, (4)
Kfeu,(a=1, ) B A KA LEE M
tan u R G A SO AL LR A B IE DIME ; wl R 64k it
AL FLAR A1 s tan o RS H B AL FL AR A B IE

1922002-2



%43 % £ 19 89/2023 £ 10 B/ X F 2R

YME s h HICER A A = s e B d N
JeA =z [l Tl b
2R D RAAA a2t (k2
LG ZEANENH) . T2 R5, R
BAOES MR RE N
Co=htanu (n,—n)/n,, (5)

A s AR AT S 3 SRR T B R
n, HEERHE R PT ER . SR 1 MR RGN
BRI R AR IE SR . 2otd
ES R ISR/ i E:Wiet= 23 5 W N R Ao ISR Bvig i 0 |
2 RS . BAOLEOR BRI E 4 K 5 s, Hid Jegk
3L 2 R G e Aol 3ot 4.

S E R G PT U R VA

Fig. 4 Initial structural element position
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Table 2 Focus value of each light group

Optical group Focal distance /mm

Group 1 17. 383
Group 2 41. 886
Group 3 —320. 088
Group 4 564. 142
Mirror 1 104. 645
Mirror 2 20.02
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Fig. 6 Chromatic aberration coefficient of front and rear group

positions of catadioptric objective
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Fig. 7 Catadioptric optical objective lens
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Fig.8 Full-spectrum wavefront aberration in full field of view
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Fig. 9 Axial color difference curve
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Image aberration of catadioptric optics. (a) Field curvature; (b) distortion
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Abstract

Objective  With the rapid development of high-tech fields such as gene sequencing, semiconductor chips, and life
medicine, traditional microscopes are no longer able to meet the increasing technological needs. The microscopic objective
lens, as the most core technical component in the microscopic system, is related to the imaging performance of the entire
system and needs to meet conditions such as high numerical aperture, large field of view, and wide spectral range. When
the imaging objective is located in the air, there is a theoretical limit to the numerical aperture of non-immersed structures.
Therefore, non-immersed objective lenses with a high numerical aperture have become a technical challenge that Chinese
surgical researchers urgently need to solve. The spectral range required in the field of gene sequencing is becoming shorter
and shorter, moving towards ultraviolet and even deep ultraviolet. The wide spectral range causes an increasing color
difference in the system, and ordinary application lenses do not need to correct the secondary spectrum. Microscopic
objective lenses have extremely strict requirements for chromatic and spherical aberration and require correction. We focus
on the technical requirements and current development trends of high-end microscopic objective lenses and design a
catadioptric objective lens with a high numerical aperture and wide spectral band, with a numerical aperture of 0. 91 and

effective correction of color difference.

Methods We have designed a microscopic objective lens that eliminates secondary spectra within a wide spectral range.
Usually, in order to eliminate axial color differences, a combination of positive and negative focal lenses of different
materials is required for correction. By taking two lenses as an example, there is a significant difference in Abbe numbers
and a small difference in optical power between the two lens materials. In order to further correct the secondary spectrum,
it 1s necessary to have similar dispersion coefficients and significant differences in Abbe numbers between the two lens
materials. However, for conventional lens materials, two-piece lenses fail to eliminate residual secondary spectra. For a
catadioptric structure, a negative lens element with an inner reverse side has a positive focal power and an axial color
difference direction opposite to the positive lens element. When both are used simultaneously, the axial color difference in
the system can be completely corrected. By studying achromatic theory, we design a microscopic objective lens that

eliminates secondary spectra within a wide spectral range.

Results and Discussions We use the optical design software ZEMAX to design a microscopic objective lens with a high
numerical aperture and wide spectral range. Based on project requirements and optical system design indicators, the design
results are analyzed. According to the primary aberration theory and the characteristics of apochromatic aberration in the
catadioptric structure, the power of each light group in the initial structure is calculated, and the specific values are shown
in Table 2. The aperture of the first group is 0. 61, and the focal length is 17. 44 mm; the aperture of the latter group is
0.91, and the focal length is 135. 33 mm. After optimizing and analyzing the initial structure, the final optical path map of
the optical system is obtained. As shown in Fig. 7, the system consists of 12 lenses with only one material. As shown in
Fig. 9, the dipole spectrum value is 0. 15 pm. This indicates that the secondary spectrum has been positively corrected.
As shown in Fig. 10, the single segment field curvature of the system is less than 110 nm, and the maximum distortion of

the system is less than 0.0001. As shown in Fig. 12, the color focal shift curves of all wavelengths in the system are

1922002-6



%435 F 19 H1/2023 £ 10 A/ RZFZEHR

within the diffraction limit radius range, indicating that the color difference at the system position has been well corrected.

Conclusions  With the development of science and technology and the progress of production processes, microscopy
needs to meet the strict technical requirements of more industries, such as gene sequencing and semiconductor chip fields,
which require microscopy objective lenses to have a high numerical aperture, large field of view, and wide spectral band
achromatic ability. The optical system lens components designed in this article only use one material, eliminating the
secondary spectrum in the range of 275-600 nm from the deep ultraviolet spectrum to the visible spectrum, solving the
problem of traditional achromatic aberration requiring multiple materials to cooperate, and removing the pain point of less
available glass materials in the ultraviolet band. Based on the existing research results of the project team, an optical
system with a larger numerical aperture and shorter light transmission wavelength has been designed. From the design
results, it can be seen that the system has a small volume and is convenient for actual production assembly. It can be

widely used in fields such as semiconductor wafer defect detection and gene sequencing.

Key words hyper numerical aperture; deep ultraviolet; catadioptric objective lens; achromatism
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