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Surface Polishing of Polymer Microlens with Solvent Vapor
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Today, there are lots of progresses in the field of lens researches, especially in the microlens
fabrication. Unlike normal lenses, microlens has been widely used as a role of improving the
performance of photonic devices which increase the optical precision, and also used in the fields
of the display. In this paper, polymer microlenses with 300 um diameter were replicated through
hot-embossing from nickel mold which was fabricated by micro-EDM. After hot-embossing
process, the polymer microlenses have a rough surface due to the crater formed by micro-EDM
process, which is projected onto the surface of the lenses. The surface of polymer microlenses
was polished using solvent vapor to improve the surface roughness of the microlenses without
changing their shape. In the experiment, the surface roughness was improved with the
processing time and vapor temperature. Also, the roughness improvement was greatly affected
by the solubility difference between polymer and solvent.

Key Words: Microlens (Rt0| 2 2& =), Micro-EDM (At0] 22 Y& IIE), Hot-embossing (StH 24 Sd), Solvent vapor
polishing (EHIE 7| Hnt)
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Fig. 1 Processes of Ni mold fabrication by micro EDM
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Fig. 3 (a) FE-SEM image (b) FE-SEM image of surface
(c) Microscope image of Ni mold

Heat & Pressure

4 48

‘
| o/ S

Nickel mold

Polymer
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Fig. 5 Experimental setup for solvent vapor polishing

Table 1 Vapor solvent polishing conditions

Time (sec)
Material Acetone Toluene Methanol
(54 °C) (104 °C) (63 °C)
10 10 10
PMMA 5 5 15
13 13 20
10 10 10
PC 5 5 5
3 3 15
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(a) PMMA (b) PC

Fig. 6 Microscope images of microlens

Fig. 7 FE-SEM images of PMMA microlens polished
by (a) Acetone (54 °C, 5 sec), (b) Toluene (104 °C,
10 sec), (c) Methanol (63 °C, 20 sec)
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Table 2 Surface roughness after vapor solvent polishing

R, (um)
Material | Acetone Toluene Methanol
(54 °C) (104 °C) (63 °C)
1.0 1.8 34
PMMA 1.7 2.0 3.0
0.77(-) 120) 27
130) 0.8(-) 3.1
PC 1.1 1.00-) 238
1.4 1.2 2.7

Fig. 9 Microscope image of microlens of PMMA with
crack due to long polishing time
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before polishing ((a), (b)) and after polishing
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32 Oo|aAERH =2 d5 &

A ZEy wlola® W=e] xW A7t
MAE A=E Fotslr] 98] Fig. 103 #o] F3t
A (Olympus, BX51)& ©] 8314 intensityS =
skl Frhsilnl. Y 43 dug e W)
sllom, ojux] U2 Motk program<
o] g-3fo] A e Fo] MatlabS ©]-83}o] intensity
aYEZE A

Fig. 11 Toluenes ©]-83} 104 °Col 4] 10
¢ Avkg PMMA mlolaz =S o] g8kl &
23t G5t do)g AL intensity L2 o] T, Fig.
12%= Toluene .2 104 °CollA] 3% &< ¢1n}dl PC
nlolm 2 A== #HFI P IHn|H AR
intensity “L#|Z o]t} o] & F3I| wlo|aE W=IL
EHE 37 "1”}‘:" EBH 4‘310] Nl mak

Kom, dAwnp

2
%El% el Eol=
=
=

EE o1&

P

E‘_
g wastee © ol A
% 9T F Ak F, A

9] intensity &

HelA] ke

z
%S u, PMMA



June 2013 / 649
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Fig. 12 Microscope images & light intensity graphs of
PC Microlens (Toluene, 104 °C, 3 sec) before
polishing ((a), (b)) and after polishing ((c), (d))
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