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A Study on a Microreplication Process for Real 3D Structures Using a Soft
Lithography

Sungil Chung*, Sunjoon Park**, Inhwan Lee***, Haedo Jeong” and Dongwoo Cho***

ABSTRACT

In this paper, a new replication technique for a real 3D microstructure was introduced, in which a master pattern was
made of photo-curable epoxy using a microstereolithography technology, and then it was transferred onto an epoxy-
copper particle composite. A helical gear was selected as one of the real 3D microstructure for this study, and it was
replicated from a pure epoxy to an epoxy composite. In addition, the transferability of the microreplication process was
evaluated, and the properties of the epoxy composite were compared to that of the pure epoxy, including hardness, wear-
resistance and thermal conductivity.

Key Words: Microreplication process (W] 4| 53| 7]%), A helical gear (2] ~]19]), hardness (% &),
Wear-resistance (W ®} 2.43), Thermal conductivity (8 A =)
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Fig. 1 Schematic diagram of microstereolithography
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Fig. 2 Schematic illustration of microreplication process
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Table 1 Experimental conditions for fabrication of a

helical gear
Photopolyme SL-5180
0 T
POl (produced by Vantico)
Laser power 100 pW
S i d of
canning speed o 10 mm/min
laser beam
Layer thickness 30 pm
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Fig. 3 Schematic illustration of the microstereolitho-
graphy apparatus

(a) Top view

(b) Side view

Fig. 4 SEM image of a helical gear fabricated by MSL
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Table 2 Data of surface tension and component of the test
liquids used in this study

Liquid
Term
CH,], H,0
T 50.80 72.80
1o 50.80 21.80
1"’ 0 51.00

(a) PU (water drop): 75°

(b) Silicone (water drop): 110°

(c) PU (diiodomethane drop): 30°

(d) Silicone (diiodomethane drop): 60°

Fig.6 Contact angle measured using a water and diiodo-
methane drop
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Fig. 7 SEM image of silicone rubber mold for a helical
gear
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Fig. 9 Viscosity change of the base material of epoxy
resin according to temperature; this data was
measured by Brookfield DV- Il of Brookfield
Engineering Laboratories
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Fig. 10 SEM image of a helical gear fabricated with
€poxy composite
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Fig. 12 AFM image on the surface of silicone rubber

Fig. 13 AFM image on the surface of epoxy-copper
particle composite

A 153 FHE 1.3om & FF EWA
A7) #E Yz °ﬂ£f\l Bz 7ol
énm o Hd 7%7271 #E Jepdde. vl2H
Hatd od ¥ o)A, & JAA HE
o vl E W Y3 %)ca el o)
o] Az RE B APA /dd FAL FES
Zt= EUZRA AA bsdithe e ¢ T 31
A} Fig. 14 £ oEA EFARe] @Y S
AHAL el gled FETol wS i‘é?‘a 7
X E oj3n] o|ZA] ] AlojAtole] X H| gl
28 A F YUEH ol T FLH X
E A EA FAY FELL 2 9 1 AR A

9 83 T¥FozHA dod ¢

L

L

o

L

L

34

Fig. 14 Cross-sectional SEM image of epoxy composite
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