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Fabrication and application of cyclicolefin polymer microchannels based on femtosecond laser processing
WU Kaichao, WEI Juan, SUN Mingkai, WANG Chunyu,ZHENG Hongyu
(School of Mechanical Engineering, Shandong University of Technology,Zibo 255000, China)

Abstract : Cyclic olefin polymers (COP) have broad applications in the field of microfluidics. The fabrication processes of
COP microchannels using femtosecond laser processing were investigated. The ablation characteristics of COP were studied through
single pulse ablation experiments, and the average power and corresponding pit diameter were simultaneously calculated using the
area extrapolation method. The laser spot radius was finally determined to be 4.47 pm, and the ablation threshold of COP was 9.4 J/
cm’. The effects of laser focusing position, laser scanning speed, and laser scanning times on the morphology and size of COP micro-
channels were investigated within the average laser power range of 5.3-7.2 mW. The results show that within the range of (—200-
200) pm of the focal position, the microchannel depth is the highest at 0 wm, and gradually decrease as it shift towards both sides.
Moreover, the integrity of the microchannel bottom morphology at 200 wm is better than that at —200 wm. For every 0.025 mm/s
increase in laser scanning speed, the microchannel depth decreases by 10%. With the increase of laser processing times, the depth of
microchannels increases. When processed twice, the depth increases by about 20% ,and when processed 3-6 times, the depth increas-
es by about 10% each time. In addition, an equidistant spiral structure micro mixer was designed to achieve concentration mixing.
The concentration mixing state of microchannels at different positions during mixing was analyzed using COMSOLG6.2, and the
sealing test of the chip substrate and cover plate was conducted using hot pressing method. The results show that the microfluidic
chip mixer has good sealing and no leakage phenomenon. The experimental parameters and patterns obtained in this article can
provide technical support for femtosecond laser processing of COP microchannels.

Keywords : femtosecond laser ; cyclic olefin polymer ; microchannel ; micromixer ; double-helix structure
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