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Table 1 Objective design specifications

Parameters Specifications
Magnification 20
Numerical aperture =0.3
Spectral range/nm 360~1 000
Field of view/mm =0.66
Parfocal length/mm 60
Working distance/mm =10
Distortion <0.5%
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Fig. 2 Flow chart of selection method for apochromatic glass
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Table 2 Parameters of apochromatic glass assemblage

Glassl Glass2 Glass3 D, D, D, F, F,/(X10 °mm)
H-FK95N H-LaF50B H-LaF52 1.838 —3.412 2.574 7.823 8.56
H-FK95N H-LaF52 H-LaF53 2.614 —3.854 2.240 8.708 10.36

H-FK61 H-LaK2A H-LaF52 3.990 1.373 —4.363 9.726 11.00
H-FK95N H-LaK53B H-7ZBaF50 2.316 1.295 —2.610 6.221 13.29
H-FK95N H-ZK11 H-ZK21 —4.331 2.895 2.436 9.661 13.36
H-FK95N H-LaK53B H-LaF52 2.636 —2.627 0.991 6.254 13.90
H-FK95N H-ZK21 H-ZBaF50 2.951 —2.950 0.999 6.900 14.59
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Fig. 3 Microscopic objective structure in the patent
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Fig. 4 Initial structure of microscopic objective
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Image quality comparison before and after replacing glass
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Table 3 Results of Abbe sine condition calculation

Wavelength/nm h/mm sinU J/mm Jo/mm Difference value/pm
360 3.006 4 0.300 6 10.002 4 10 2.43
400 3.0058 0.300 5 10.001 5 10 1.50
460 3.004 7 0.300 4 10.001 3 10 1.27
500 3.004 2 0.300 4 10.001 6 10 1.64
560 3.003 5 0.300 3 10.002 4 10 2.39
650 3.002 7 0.300 2 10.003 3 10 3.35
750 3.002 0 0.300 1 10.003 8 10 3.77
850 3.001 2 0.300 0 10.003 5 10 3.49
1000 3.0000 0.299 9 10.001 9 10 1.87
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Fig. 10 Astigmatic field curves and distortion curves

S/ SIORTATEY/E: A E 3 7l S 87k 0 R i RN W TR €7/ AR 578 S U S Sl b

A:T”ZLTS (12)
|a<s (13)
|7, — 7. |<o

S 7 F 7 23 ) 2 A U A DG 7 1), 00 2 W37 4 5 2 45 T ARSI O 6 T B 0T i 4% T AR BB © 2 R B b o b
ST, B Berek 24 KR R

© 25000 A
M NA T 2NA’

(14)

1223002-8



e, L SEN BT A (22 B BT

A, w i NIR A 53377, HL0.001 4 rad, M J2& 5 3000 56 T SE IR TBOR A% 38 NA B BUE AL A2 Fi k. it
AR B bR SRR 0 R 8.94 pm, K F 2 (10) BT 8 SCIY FE T e, A I SC b FH B ™ 4% 119 6.22 pm R £5
W FPAXT R o F 5055 2 3.08 pum F1—0.89 pm, 715445 2] (4 SF 37 BORMG BE /N F AR, IR L% 85
B8 AL T 3 A

FLLL 2 e ok i G 5 A8 25 i 26, T LU Hh 72 A W03 98 BB o9 19 TR 518 25 /0 F 2 pm, TRAHIR 25 10 A%
IERCR B . RMS U iR e n 151 12 i 78, 0 2 3% 1) RMLS U 115 22 e K 24 0 0.0862 , i1 2k M 3% 1) RMLS U Hif
ZE(E N 0.049 62, L FEAEZ A7 AR PR, il B TH 4R Ar . 18] 13 /2358 Sk AT 5 Rg i 43 A IR, ol LA 1 90 %6
By RE s A PR AR R 2.3 pm B A I RE = B v, Be AR P EE v, LA AL 58 I B RMS 24202 0.572 pm,
ANFICHBENAR . 25 DIR853k 1 45 T0UHE b5 43 AT 14 3R B 1145 B R 4R AR R

Tangential Sagittal
0.002 0.002 P
——400 nm
—460 nm
—500 nm
——560 nm
-0.002 -0.002 650 nm
—750 nm
0.002 0.002 ——850 nm
——1000nm
-0.002! -0.002
0.002 0.002
= é
-0.002 -0.002
Ray aberattion/mm
H1l =4k
Fig. 11 Ray aberration curves
e - 0.000 field (0.0000 mm) Lor
----- 0.707 field (0.2333 mm)
§ 0.08 1.000 field (0.3300 mm) Eﬁ 0.8 F /’ — - — Diffraction limit
2 2 — — 0.000 field (0.0000 mm)
5 = 0.707 field (0.2333 mm)
5 0.06 506t ——1.000 field (0.3300 mm)
g S
o ) =
& ' o
z 0.04F S04t
g P =
2 e £
E 0.02 - o s el 802f
O 1 Il 1 L Il 1 - | 1 1 1 1 1
0.36 0.4 0.5 0.6 0.7 0.8 0.9 1.0 0 2 4 6 8 10
Wavelength/um Radius of circle/um
E12 RMS ¥ W13 i ENA
Fig. 12 RMS wavefront error curves Fig. 13 Diffraction encircled energy distribution curves

3.5 ANEHW
a2 RGN A 2 FEALFEICIRA 2 MBHA 2 AN 25 = KR35 AHINA 20 BT DIFERIE G % R 58
JELAG BTt (A R T, AR ATKORT 325 5 o T ) 3ot R T A 23R, T R AR . B O B B TAS % 0e2F R 48 % F AL
16 T Y TSR B vE  T BE AT I B AR YA 22 L A5 B ZEMAX P RAEUE ST AR RS RA Z I 4 TR
e H1 80 1p/mm &b i 77T 5 MTF - Y (B AF g P-4 48 b, 38 3k 58 05 R 36 o0 7 I 45 B0 19 28 22 70 BT 25 R an 46 5
fiiR o 78 80 Ip/mm 4k MTF #4 SUAH A 0.887 9,745 80% Rl AE K T 0.839 1, nf LAY /2 W S 4 B i) Jli A5 o et B2k
AN T 5 R

1223002-9



P/ R 4

*4 NEHE
Table 4 Tolerance distribution
Items Value
Fringe power/2 2

Surface irregularity/A 0.2
Central thickness/mm +0.02
Alirspace/mm +0.02
Tilt/(*) +0.01
Decenter/mm +0.01
Refractive index +0.001
Abbe-number +0.5%
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Table 5 Monte Carlo analysis results

Percent Value
98% 0.798 7
90% 0.8258
80% 0.839 1
50% 0.859 7
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Lens Design of the Broadband Plan—apochromatic Microscope Objective

GUAN Yulong', ZHENG Xiaobing®, ZHAT Wenchao®
(1 School of Physical Sciences, University of Science and Technology of China, Hefei 230026, China)
(2 Key Laboratory of Optical Calibration and Characterization, Anhui Institute of Optics and Fine Mechanics,
Hefei Institutes of Physical Science, Chinese Academy of Sciences, Hefei 230031, China)

Abstract: In the field of optical engineering, microscopic imaging measurement is an important means of
optical installation and adjustment. To realize correlated photon imaging measurement and auxiliary
monitoring in the process of correlated photon radiation reference source optical path system installation and
adjustment, it is necessary to establish a microscopic imaging system with a broad spectrum spanning of
360~1 000 nm. Some scholars at home and abroad have designed a series of finite conjugate or infinite
corrected objective lenses with high numerical aperture, large field of view, broad spectrum coverage, high
magnification, et al. There are also a variety of commercial microscopic objective lenses, but the correlated
photons band to be measured is beyond the applicable band range of current commercial microscopic
objective lenses. A broadband plan—apochromatic microscope objective was designed in this study. The
design of broadband microscope objective needs to consider the problem of apochromatism firstly. The
apochromatism of refractive microscope objective is mainly realized by the diffractive optical elements or
the combination of different glass materials, the diffractive optical elements are not suitable for precision
optical systems, so the glass combination method is used for the design of apochromatic microscope
objective. Based on the basic apochromatic theory, the model of compact three—piece lenses was selected
then was realized through a program script with MATLAB® software. The glass material chooses
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domestic CDGM glass library. Firstly, according to the range of wavelength, glass production frequency,
price, and other indicators of the glass library for initial screening, the original glass library has a total of
304 kinds of glass, the final remaining 25 kinds of glass after the initial screening. Then, the least square
method is used to calculate the optimal focal power allocation of each glass combination, and the glass
combination is selected by the sum of the absolute focal power and the corresponding minimum residual
chromatic aberration. In the end, the glass combination with better secondary spectral correction effect is
obtained. In addition, the influence of a commonly used special optical material, CaF,, on secondary
spectral correction was also studied. It is found that the introduction of CaF, will improve the total imaging
quality. Although the color focal shift will be larger, the color focal shift can still meet the requirements.
Finally, the combination of CaF,, H-FK95N, H-LaF50B and H-LaF52 glasses was selected. By
selecting an existing patent as the initial structure, an infinite-corrected and plan-apochromatic microscope
objective and broad spectrum coverage with magnification of 20X, numerical aperture of 0.3, working
distance of 10 mm, parfocal length of 60 mm, field of view of 0.66 mm and spectrum coverage of 360~
1 000 nm was designed, without any aspheric sphere. The MTF curve, color focal shift, ray aberration,
astigmatic field curves and distortion curves, longitudinal spherical aberration, RMS wavefront error and
diffraction encircled energy distribution diagrams of the optical system were analyzed. The results showed
that the MTF curve of the system was close to the diffraction limit at 80 Ip/mm, the astigmatic field
correction meet the international standard of flat field, and the other imaging indicators were also close to
the diffraction limit. By sensitivity analysis in ZEMAX® software, the element tolerance, material
tolerance and assembly tolerance of the microscope objective are reasonably allocated. The geometric MTF
value at 80 Ip/mm was selected as the evaluation indicator. After Monte Carlo analysis, the nominal MTF
value of the microscope objective at 80 Ip/mm was 0.887 9. In fact, there is an 80% probability that the
MTF exceeds the value of 0.839 1, which means that the microscope objective can meet the requirements
of image quality and manufacture. The design in this paper can provide technical reference for the design of
the plan-apochromatic microscope objective, especially for the broadband apochromatic design.

Key words: Optical design; Microscopic imaging; Microscope objective; Plan—apochromatic; Broadband
apochromatic; Correlated photons; Adjustment
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