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Fabrication of Sub-100 nm Embossing Patterns using Weakly-Polymerized
Region via Long-Exposure Technique (LET) in Two-Photon Polymerization

Sang Hu Park’, Tae Woo Lim" and Dong-Yol Yang’

ABSTRACT

A long-exposing technique (LET) has been conducted to create nanoscale patterns applicable to diverse micro-devices
using two-photon polymerization (TPP). By the weakly-polymerized region via the LET, double-layered embossing
patterns can be fabricated simply in a single step. The LET makes possible a voxel and its surrounding to be fully grown
into more than 500 nm in lateral size and weakly-polymerized region (WPR), respectively. In the WPR, interconnecting
ribs between voxels are generated, and they lead to the creation of double-layered dot patterns. Moreover, by controlling
the distance between voxels, various shapes of interconnecting rib can be fabricated when the LET is applied. Various
embossing patterns were fabricated to evaluate the usefulness of the proposed technique as a novel nanopatterning

technique in TPP.
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monomer), <219 (oligomer), 23X FAAl
(initiator)  (2-benzyl-2-dimethlamino-1-(4-morphoino-
phenyl)-butanal-1 and
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Fig. 1 Schematic illustration of the mechanism of beam
growth depending on exposure time, ¢. ( £, < ¢
Loor & t,, )
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Fig. 2 Schematic illustration of voxel generation
between (a) short-exposure and (b) long-exposu
re. Three different regions exist: fully (densely)-
polymerized region, weakly-polymerized region,
liquid state
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Fig. 3 Experimental results on the variation of voxel
diameter depending on laser power and exposure
time
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4 BAE + Aok (Fig.4 Y d,,d).
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Fig. 4 Schematic diagram of the fabrication of embossing
patterns glass using a
stereolithography process. d; and d, are distances
between voxels (d,; <d,), which affect the shape of
embossing patterns. 4 is a truncation amount of a
voxel under the glass plate

on plate nano-

densely- polymenzed confours in weakly
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Fig. 5 Nlustration of the creation of sub-100 nm nano
patterns between two neighboring voxels. In the
doubly exposed region tums to densely-
polymerized region from weakly-polymerized
region. This leads to the generation of sub-100
nm nano patterns
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(micro-lens array)&xX  248°] 7b§3ith Fig.
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AL zAstq 43U FHE AT dBE o
BS A z2g Aleolot.
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(d

Fig. 6 (a-d) SEM images of various embossing patterns

with various fabrication conditions; the distances
between voxels from (b) to (d) are 750, 670, 600
nm, respectively. Insert in (c) is a magnified
partial image of (c). The width of thin lines
between voxels is about 60 nm
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Fig. 7 (a) SEM image of a fabricated pattern under laser
power of 100 mW and exposure time of 60 ms,
and its magnified image (insert). (b) AFM image
of (a)
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