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ABSTRACT : A vacuum pressure-difference technique for making a nano-precision replica is investigated for
various applications. Master patterns for replication were fabricated using a nano-replication printing (nRP) process.
In the nRP process, any picture and pattern can be replicated from a bitmap figure file in the range of several
micrometers with resolution of 200 nm. A liquid-state monomer is solidified by two-photon absorption (TPA) induced
by a femto-second laser according to a voxel matrix scanning. After polymerization, the remaining monomers were
removed simply by using ethanol droplets. And then, a gold metal layer of about 30 nm thickness was d eposited on
the fabricated master patterns prior to polydimethylsiloxane molding for preventing bonding between the master and
the polydimethylsiloxane mold. A few gold particles attached on the polydimethylsiloxane stamp during detaching
process were removed by a gold selecting etchant. After fabricating the polydimethylsiloxane mold, a nano -preci-
sion polydimethylsiloxane replica was reproduced. More precise replica was produced by the vacuum pressure -
difference technique that is proposed in this paper. Through this study, direct patterning on a glass plate, replicating a
polydimethylsiloxane mold, and reproducing polydimethylsiloxane replica are demonstrated with a vacuum pre -
ssure-difference technique for various micro/nano-applications.

Keywords : nano-replication printing, vacuum pressure-difference technique, two-photon polymerization, femto-
second laser; polydimethylsiloxane molding.
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Figure 1. One-photon absorption and two-photon absorption
generated by a focused laser beam. (a) Schematic diagram of a
focused laser beam; (b) total one-photon absorption per transversal
plane; (c) total two-photon absorption per transversal plane, which
is calculated by integrating the squared intensity over the plane.
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Figure 2. Comparison of (a) single-photon-absorption (wave-
length: 400nm) with (b) two-photon-absorption (wavelength:
800 nm).
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Figure 3. Schematic diagram of nano-replication printing sys-
tem for TPA-induced photo-polymerization.
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Figure 4. Detailed diagram of nano-precise feature patterning
parts of Figure 3.
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Figure 6. Absorption and fluorescence spectra of TPA dye.

Figure 7. SEM image of voxels fabricated in the condition of
laser power, 5 mW and exposure time, 2 ms.
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Figure 8. SEM images of various fabricated pictures; (a) a
horse, (b) a symbol of human-tech, (c) Korean patriot, Jung-Geun
Ahn’s autograph; ‘the great Korean’ and letter of ‘KAIST”.
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(b)

Figure 12. SEM images of (a) fabricated pattern by nRP
process; (b) the fabricated PDMS mold without vacuum pressure-
difference technique; (c) the fabrication PDMS mold with vacuum
pressure-difference technique.
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