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Optical route simulation of two-photon polymerization

ZHENG Xu, ZUO Chuncheng, ZHOU Xiaogin
(School of Mechanical Science and Engineering, Jilin University, Changchun 130022, China)

Abstract: In order to study effect of optical route of two-photon polymerization on polymerization result, firstly, the
mainly three parts i. e. , beam expander, scanning galvanometer and focus lens were designed with ZEMAX software.
Secondly, the whole optical route was simulated after combining the three parts together. The changes of the beam were
monitored at different positions of the route with a detector. The variation of laser energy distribution could be seen in
simulated diagrams and the influence of beam expander on the final focal results was analyzed. The results show that the
larger the amplification multiple of the beam expander the smaller the distance between the beam expander and the light
source, and the higher the energy density on the focus spot. The simulation results also provide the basis for actual
experiment system construction.
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Fig. 1 Two-photon polymerization processing system
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Fig.2 Optimized parameters of beam expander and simulated pictures
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Table I Beam changes of image plane in different position

the distance between
the image surface 20 50 100 200 500

and the second lens/mm

spot radius/mm 5.905 5.886  5.801 5.670 5.278

the actual beam 9.84 9.81 9.67 9.45 8. 80

expander multiples
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Fig.3 a—simulation picture of the scanning galvanometer ~b—three scan-

ning forms of the scanning galvanometer
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Fig.4 Light route diagram of high numerical aperture focusing lens system
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Fig.5 Simulated parameters of light source used in ZEMAX software
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Fig. 6 Light route system of two-photon polymerization
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Table 2 Influence of multiple of beam expander on light intensity in focal

spot
beam the diameter of the spot thelight intensity in the
expandermultiples  after beam expanding/mm  focus spot/(J + cm ~2)
4 4.874 1.14x10"
6 7.312 2.56 x10"
8 9.749 4.55x10"
10 12.186 7.1x108
12 14.623 1.02 x10™
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Table 3 Influence of position of beam expander on light intensity in focal

spot

the distance between the first Co -
the light intensity in the
lens of the beam expander

1S . -2
and the light source/mm focus spot/(J = em ™)

100 2.78 x10°
200 2.52x10°
500 1.93 x 10°
1000 1.2 x10°
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