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Design of high NA flat-field microscope objective for near infrared

Zhou Enyuan, Liu Lihui, Liu Yan, Cao Zhen

(Key Laboratory of Photoelectronic Imaging Technology and System, Ministry of Education of China, School of Optoelectronics,

Beijing Institute of Technology, Beijing 100081, China)

Abstract: To meet the requirements of femtosecond laser micro-nanofabrication systems for high
precision and wide region, the features and design specifications of infinity microscope objectives which
were important components of the systems were determined. Based on the theory of primary aberration of
thin lens system, the conditions to meet were concluded to correct Petzval curvature and second order
spectrum for femtosecond wavelength. The objective consisted of 11 spherical lens, and all materials were
glass made in China, and the use of cemented lens composed of three lens was avoided. A near infrared
flat-field microscope objective, whose working wavelength was 785-815 nm, numerical aperture was 0.9,
field of view in image space was 22.5 mm, magnification was 40x, was designed. Designing results show
that the objective has excellent MTF, RMS wavefront errors of all fields are less than 0.08A, and various
geometrical aberrations are deeply under tolerances, the results meet the conditions of flat field and
apochromatism, and energy concentration is high. Compensators are used to slacken material tolerance,
manufacturing tolerances and alignment tolerances. RMS wavefront errors of all fields get less than 0.09A
after tolerances attribution and the objective can be applied actually.
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Tab.1 Objective design specifications

Parameters Specifications
Spectral range/nm 800+15
Field of view in image space/mm 22.5
Numerical aperture 0.9
Magnification 40x
Thickness of cover glass/mm 0.17
Working distance/mm =0.2
Total length/mm =50
Root mean square of wavefront error/A =<0.09
Distortion <0.5%
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Tab.2 Dispersion characteristics of CaF, and

KZFS7
Materials CaF, KZFS7
nu 1.430 383 1.667 375
Ny 1.430 536 1.667 949
Ny 1.430 696 1.668 550
v 1375.5 568.5
P 0.511 2 0.5115

% 3 H-FK71 #1 TF3 ) & 8045 1%
Tab.3 Dispersion characteristics of H-FK71 and TF3

Materials H-FK71 TF3
nu 1.452 591 1.602 673
Ny 1.452 768 1.603 139
Ny 1. 452953 1.603 625
v 1250.7 633.5
P 0.5110 0.510 5
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Fig.1 Structure of optical system
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Fig.5 Lateral aberration curves
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Tab.4 Material tolerances

Ttems Value

Refractive index/mm 5x107°-5%10~*

Abbe-number/(") 0. 8%-1%

Homogeneity/mm 2x107°-5x107°

5 INTAZ(A=546.1 nm)
Tab.5 Manufacturing tolerances (A=546.1 nm)

Items Value
Fringe power/A 0.2-1
Surface irregularity/A 0.08-0.3
Central thickness/mm 0.002-0.01
Wedge/mm 0.002-0.008
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