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Fabrication of Anisotropically Oleophobic Surface with Inverse-Tapered
Structure Using Micromolding in Capillaries and Microtransfer Molding
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Fabrication of inverse-tapered structure remains as a problem in the fabrication of oleophobic surface mostly due to the
complications and the high cost of processes. In this paper, we propose a simple and low-cost fabrication method of
inverse-tapered structured oleophobic surface using micromolding in capillaries (MIMIC) and microtransfer molding followed
by MEMS processes. Silicon wafer molds for the formation of inverse-tapered structure were made using MEMS processes
such as photolithography and anisotropic KOH etching of silicon wafer. The geometry of structure could be changed by
controlling the etching depth of the silicon wafer mold. After covering the surface of the mold using flat UV tape, the formed
space between mold and UV tape was filled with pre-cured PDMS by capillary force and then cured in oven. The tapered
structure on UV tape was transferred and bonded to glass wafer by O, plasma treatment. The fabricated inverse-tapered
structure was coated with a fluoroalkylsilane monolayer to reduce its surface energy. The wetting behaviors were
investigated by the contact angle (CA) measurement of hexadecane droplets. This study demonstrates that an inverse-
tapered structure can be fabricated on a substrate using micromolding in capillaries and microtransfer molding, whose
surface shows the superoleophobicity.

Manuscript received: September 27, 2018 / Accepted: November 13, 2018.

1. M2 Goj7] 9la) welo] wlol LT T2 A2 W Sshy B4 w3}
& Hgoi ke AT ATEe] YRR 2548 7}

A2 3 W FEB B451H Aol vt AL U A Bulw e, A4S KL EWS no|az LEEe]
e A o183 thFet Ayt HaE k! 244 go] H|o]u] F-z(Inverse-Tapered) 1= H A4l 732 (Mushroom-
(Superhydrophobicity) @ Z4~-8-4J(Superoleophobicity) FH2] Like) P4 71 Qo] 3t 1 AZo] YehtE= Aoz &
AR A71935t mat, AEHA] 33-7#, AEA QA A Foll A Skt o= H714 Sl e Fweal dA-aA 7t
8ol 7Fsst7lel W& A57h A=A Qivk B OAEES O] 73t A5 AgHol WhE gt FERHof 7|Rlgt. &, U
#HO 7|8keHA] &0 P4 ‘3% sfelA gde] vsks 53 gt 71 B T 2 U AR ) g, of
Hoz olgale] HEAE IS00IoR FHsk: ATES A oA AP eoln T2 Ei uia P2 2L Fao] 24
WSATh I So 1A T gold] f71gole] MEHES = 4 Tw Ato] L7 E. oj2} 2L volARA L TRES

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/
3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.7736/KSPE.2019.36.4.413&domain=http://jkspe.kspe.or.kr/&uri_scheme=http:&cm_version=v1.5

414/ April 2019

o

ZHESSX| M3 H M4

A|ZFst7] 98l Ue Y= E (Nanoimprint) 374, ZE 2| AT2H]
(Photolithography) 3% Z-2 DRIE (Deep Reactive Ion Etching)
378 o183 Y T ok AR RSl AE AL A
2 Ao B E ofyet w2 AN Hlgo] AaE, §
2 Alolell FAZE UATHT whebA] 24 EHC] ARl 9l
ojx Bt} Agsial 7t A2t
A8 2R3t

w1 o] J7f, Blo) 9, A9 e i o] 2=
of mweh HAe) g E/dol WslEe ddE oA
(Anisotropic Wetting)o]2} sh, 13 H A UEht=
4 A B A A+ T a4 Y diRt A+te
Zo]lt}. Zhao et al.'’S DRIEZ o|-&35}0] A& T
WS rAskAt skl U% Lee et al.'> Ag]Fe] o]
A o8] WAl 25 THRE 2480 &

7174 gviel M=zt ‘i@r-‘l} ol gl gt
‘RiEP

el gk k9] daAdel

O W oL
odt

)

v

=)

FA

W
oL

6e)

e o

-

i

o2 & 2 ox o o o

-
et
4 oot

g
-t
N
il
3

—S—' NE iEEIiJEM
MEMS ZA43 ZATY =]k ]E J(MIMC, Micromolding in
Capillaries) ¥ B A HAAREY (Microtransfer Molding)f{S o|-&
slo] oAglolw Zg|H(PDMS) T-ZES AZslgich. KOH

(Potassium Hydroxide) §-4-& o] &3t thAA Az o|H 2]
of/d ol 5/l oJste] it dARE Z4=(54.79)9 AH|o|H

T2 AlFol 7hs kol o9 ol AR FFEof s, 4

259 1H4 9 F2E9 Fo| mA= FFS Hefstr] 9l o

= HeR a0 okt Ha 9 AR WakolA A=

Zh& 275k

2. 22

2.1 HEO|E XS] 7|58t B

A5 A s S ool 72l F1siet
W52 Fig. 1o] Yehyglon] 11 7]s5}sts
& gt 2.

r&
é
u}
ot
i
N
>

2h
W= W’itané’

tanf=1412 (0= 54.7°) )

o7IA Wek Wy 22t Heolu] o] At stk &,
O= T2 71 Afol9] Ak, e HH|o F2E0] 0]
S Uepdth. o] o, Hejojs 7m0 shd F2 A2 fo]
o] ofRd ool SJsf A1t dol dAE viaFo] siE 1t

d W, W, = width of top
W, = width of bottom
-,
W,
b ¢ = angle

d = distance between structures

(@

Sang
(b)

Fig. 1 (a) Schematic view of inverse-tapered structure with various
geometrical parameters, (b) Design of photomask

Table 1 Geometric parameters on inverse-tapered structures

Geometrical parameters

Distance

Structure  Width of ~ Width of  Height between | Angle
type top (W,) bottom (W,) (k) structures
[um] [um] [um] (d) [um] [deg.]
Type 1 100 58 30
Type 2 150 108 30 25, 52%’01 00, 54.7
Type 3 200 158 30
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[ sio, Silane PDMS
Si I UV tape I Glass

Fig. 2 Schematic view of fabrication process of inverse-tapered
structure. (a) SiO, patterning, (b) Anisotropic Si wet etching,
(c) SiO, removal & silane coating, (d) UV tape covering, (e)
Filling PDMS using capillary force, (f) Transferring PDMS
structure to UV tape, (g) O, plasma bonding, (h) Transferring
PDMS structure to glass substrate
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angle of droplet
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Fig. 4 SEM images of type 2 specimens. (a)-(d) Si molds, (e)-(h)
PDMS tapered structures on UV tapes, (i)-(1) PDMS inverse-
tapered structures on glass substrates (inset image is cross
sectional view of inverse-tapered structure)
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Type 1 specimens (d 25~200 pm) — hexadecane droplets

(b)

Type 2 specimens (d 25~200 pm) — hexadecane droplets

(©)

Type 3 specimens (d 25~200 pm) — hexadecane droplets

Fig. 6 hexadecane droplet images on 3 types of specimens in
parallel direction
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25~200 pm) — hexadecane droplets

Type 2 specimens (d 25~200 pm) — hexadecane droplets

Type 3 specimens (d 25~200 pm) — hexadecane droplets

Fig. 7 Microscopic images (top view) of droplets with anisotropic
wettability for 3 types of specimens
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