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Fabrication of Microchannels Having Sub-30 nm Nanofibers Inside of Them
via Overlapping Weakly Two-Photon Polymerized Region
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Abstract

Experimental studies on the fabrication of sub-30 nm nanofibers using weakly two-photon induced
photopolymerized region have been carried out. For the generation of nanofibers inside or outside

microstructures, an over-polymerizing method involving a long exposure technique (LET) was proposed.
Such nanofibers can find meaningful applications as bio-filters, mixers, and many other uses in diverse
research field. A multitude of nanofibers with a notably high resolution (about 22 nm) in two-photon
polymerization was achieved using the LET. Furthermore, it was demonstrated that the LET can be employed
for the direct fabrication of various embossing patterns by controlling the exposure duration and the interval
between voxels. Thin interconnecting networks are formed regularly in the boundary of the over-polymerized
region, which allows for the creation of various pattern shapes. Overall of this work, some patterns including

nanofibers are fabricated by the LET.
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Fig. 1 Schematic diagram of the developed two-photon
stereolithography system
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Fig. 2 Schematic diagram of (a) ‘P-scheme’ for voxel
formation (P: laser power) and (b) ‘T-scheme’ for
voxel growth (T laser exposure time)
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Fig. 3 Schematic illustration of voxel generation between sh
ort-exposure and long-exposure. Three different
regions exist: fully (densely)-polymerized tegion,
weakly-polymerized region, and liquid state
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Fig. 4 Variation of voxel diameter according to laser
power and exposure time
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Fig. 5 (a) Schematic illustration of radical density around
a fully polymerized voxel and (b) mechanism of
the generation of thin pattern having sub-30 nm
between voxels by overlapping WPRs
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Fig. 6 SEM images of fabricated patterns: (a) embossing
patterns having thin lines between voxels fabricated
under laser power of 60 mW and exposure time of
30 ms per voxel; (b) perfect dot patterns and (c)
merged dot-patterns generated by different voxel
distance, d
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Fig. 7 SEM images of fabricated nanofibers with varying
central distance (L.): (a) 900 nm, (b) 770 nm, (c)
670 nm, and (d) 620 nm, respectively. The scale bars
are 1 pm. (¢) Well-fabricated nanofibers among the
densely-polymerized line patterns. The distance
between lines (L;) was approximately 270 nm, and
the diameters (W) of the nanofibers are 20 to 30 nm
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Fig. 8 SEM images of fabricated microchannels including
nanofibers inside of them; (a) nanofibers can be
generated selectively by controlling the gap between
the walls. These channels can be used as a micromixer,
as illustrated in (b); the input of 4;, and B;, are mixed
homogenously by passing the inputs into the channel
housing nanofibers. Insets are magnified images of
the regions of the channels containing the nanofibers.
The scale bar is 2 pm
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