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Fabrication of 3D Metallic Molds for Multi-replication of Microstructures
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Fabrication of a three-dimensional (3D) metallic mold for multi-production of a microstructure was
studied to settle the problem of long processing time in 3D microfabrication. To date, complicated
3D microstructures including 3D photonic crystals, 3D microlens array, 3D filter for microfludics,
and something else were created successfully using the two-photon polymerization (TPF) which
was considered as paving the way to fabricate a real 3D shape in nano/microscale. However, for
those fabrications, much processing time and efforts were inevitably required. To soive this issue,
a simple and effective way was proposed in this paper; 3D master patterns were prepared using
TPP, and then counter-shaped Ni molds were fabricated by electroforming process. By using
these molds, 3D microstructures can be reproduced with short-processing time and low-effort
comparing to the conventional approach, TPP. We report some parameters fo fabricate a metallic

mold precisely.
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Fig. 1 Experimental results on the variation of line width
with the conditions of exposure time from 1 ms to
32ms, which is obtained at each power of 90, 120,
150, 180, 210, 240mW, respectively'
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Table 1 Major components of nano-stereolithography
system and their specifications

Components Model & Specification Maker
fs laser Mai Tai, {80MHz, ~100fs, 780rnm) | Spectra-physic
isolator BB8-51 Electro-optic Tech
Galvanomirror Seanjet 1, max. angle : :+0,38 rad | Scanlab
Shutter Optical scanner (B800HP), 0.3 ms | Cambridge Tech
Z-stage E-862, P-762.ZL Pl
Obijective lens %100, NA 1.4 Olympus
CCD camera *x 1000 Sony
Computer System | Pentium 11, 800 MHz LGE
Lamp @
- ml Y2 wavelength
Resin Galvano  'sclator plate
i Shutter “ ) Tisapphite
BRI AT e
. » X125 splitter
trmersien oil
: AR Pin hole

|

X10;j}

expansion

Galvano mirror
(x.y scanner)

Fig. 2 Schematic diagram of laser-optic system for nano-
stereolithography process
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Fig. 3 (a) Flowchart of slicing procedures, and (b)

positional relationship between a triangle patch
and a slicing plane
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Fig. 4 Experimental results of micro-pillar compression
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Fig. 5 SEM images of various fabricated 3D master
patterns; (a) hexagon horn, (b) double rectangular
horn, and (¢) polyhedral shape having various

facets
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Fig. 6 Fabrication process of nickel mold; (a) Cr/Cu
deposition  for seed layer, (b) nickel
electroforming for shaping a mold, (¢) after Cu-

etching
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Fig. 7 SEM images of various fabricated metal molds; (a)
hexagon horn, (b) double rectangular horn and (c)

polyhedral shape having various facets; an arrow
shows the remaining part of a 3D pattern
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