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Flexible fabrication of microtubes using a dynamic optical vortex
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Recently microstereolithography techniques have been actively developed as a tool to produce 3-D
microdevices. As one of the promising applications, microtubes used for micro fluidic devices and artificial blood
vessels have attracted much attention. However, microtubes fabricated by conventional microstereolithography
systems have rough surface due to direct laser writing. Here we propose and experimentally demonstrate a novel
method using an optical vortex. In our method, since microtubes are fabricated by scanning optical ring of optical
vortex, the resultant microtubes have smooth surface. Such smooth microtubes will be useful for highly efficient
micro fluidic devices and high-quality artificial blood vessels.
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Fig. 1 Schematic diagram of an experimental system
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Fig. 2 Schematic of comparison between conventional
microstereolithography method and our proposed one to fabricating
microtubes (a) Conventional method using a Gaussian beam, (b)
Our proposed method using a LG beam
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Fig. 3 Bird's-eye-view (60°) SEM image of the microtubes with
different TC and laser power. (a) TC: 2, Laser power: 282 mW, (b)
TC: 4, Laser power: 376 mW, (c) TC: 8, Laser power: 423 mW, (d)
TC: 16, Laser power: 511 mW.
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Fig. 4 Top-view SEM image of the microcylinders with different TC
and laser power.
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Fig. 5 Dependence of the inside diameters of microcylinders on TC
with different laser power.
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Fig. 6 Dependence of the outside diameters of microcylinders on
laser power with different TC.
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Fig. 7 Relation between polymerized region and inside and outside

diameter of the cylinder.
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Fig. 8 SEM images of the complex shaped microtubes fabricated by
dynamic optical vortex. (a-1) Top-view of a helical microtube, (a-2)
Bird's-eye-view (60° )  of a helical microtube, (b-1) Top-view of
a tapered microtube, (b-2) Bird's-eye-view (60° ) of a tapered
microtube.
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Fig. 9 SEM images of the double spiral microtube fabricated by
scanning annularly the two LG beams with TC of 8 symmetric with
respect to the optical axis. (a) Light intensity distribution at the
focal plane, (b) Top-view of the double spiral microtube, (c)
Front-view of the double spiral microtube.
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