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Design of Large Field of View and High Numerical Aperture Microscope Objective
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Abstract The microscope objective is the key component of the nano-laser direct writing processing system, and the
development trend in industry involves a large object-side field of view under a large numerical aperture (NA) and adapting
to the change of the refractive index of the photoresist for two-photon polymerization (TPP). This paper compares the
indicators of the microscope objective used in current TPP effect research, excavates the relationship between the object-
side field of view, NA, and number of lenses, and proposes the objective synthetic sensitivity index (I,). Combined with
the I, a microscope objective with a wavelength range of 500800 nm, NA>>1. 3, and an object-side field of view of
1.0 mm is designed. The resultant design of the objective lens involves a modulation transfer function curve close to the

diffraction limit and a root mean square of wave aberration less than 0. 074 and uses the internal focusing method to adapt to

the change of photoresist refraction for TPP. Tolerance analysis demonstrates that the design results are feasible.

Key words optical design; large field of view; large numerical aperture; flat-field achromatic microscope objective; laser

writing; micro-nanofabrication
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Table 1  Objective specification comparison
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Table 3 Comparison of various microscope objectives

Magnification NA  Numberoflens NA<y (NA).y

10X 0.22 4 0.176 0.039
20X 0.49 5 0.196 0.096
47.5X 0.91 7 0.153 0.139
98 X 1.28 7 0.104 0.134
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Table 2 Objective design specs

Parameter Spec
Spectral range /nm 532-780

Objective field number 1.0

Numerical aperture =1.3

Working distance =0.5

Total length <250

RMS of wavefront error /2 0.09

Distortion /% <<0.5
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Fig. 1 Initial system structure
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Table 4 Specs of designed objective

Parameter Spec
Spectral range /nm 532-780
Effective focal length 7.5
Half field of view /() 4.2
Objective field number 1.0
Numerical aperture 1. 316
Working distance 0.5
Total length 231.1
RMS of wavefront error /A 0.05
Distortion /% 0.21
Number lens element 27
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Fig.2 Final design result
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Table 5 Alignment tolerances

Item Value
Alirspce 0.005-0. 01
Tilt /rad 0.00007-0. 00029
Decenter 0.003-0.01

Lens 13 Fl Lens 25 1& & 1F J M 0> #2510 5 2 58 A
AMETE R R A R L 6,
F6 ML

Table 6 Compensator range

Item Value

Defocus of image surface 0.001
Lens 13 (X direction) 0.0105
Lens 13 (Y direction) 0.0175
Lens 25 (X direction) 0.0434
Lens 25 (Y direction) 0. 0505

TEARBIT T AN H L2 A0, B A2 R 8UE 55
AR5, A B R I o0 26 i 2 22 3R /T 0. 001 mm,
XS PR kAR R HE . B AR 25 RMS 8 2 0 Br 4
[ 4 BT 7, 76 80 % HER INBR T fe /ML F5f 22 8L %%
WU 15 2% RMS B ATE 0. 094 LU, D B AR % 11 7] 15
FI) 356 2 RS ) 2
100 o me g s
a0
80
70
60
50
40
30

20
10

F6

Cumulative probability /M

L

00 0.01 0,02-0,03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
RMS wavefront error

4 w2250l £

Fig. 4 Wavefront tolerance analysis curve
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