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Fluidic Manipulating in Microchannels Using Hydrophobic Patterns

Sang-Ho Lee. Yong-Kweon Kim
School of Electrical Engineering, Seoul National University

Abstract - This study reports the fluidic handling
method using hydrophobic  patterns  inside  PDMS
microchannels. In order to obtain hydrophobic patterns,
we pattern fluorcarbon{FC) film surfaces by lift-off

process. FC films are deposited by spin coating
method and plasma polymerization method.
Hydrophobic surfaces are used as the barmers to

control fluid flow. Injected liquid is spontaneously
filled up inside PDMS-microchannels by the capillary
action. Liquid flow stops when it meets hydrophobic
regions which can be the barrier against fluid flow.

Then, again, when liquid is pressurized externally,
hquid can move toward another hydrophilic region by
external air pressure. Contact angle analyses are
performed on fluorocarbon films to estimate the
wettability of film surfaces.
1. E
#Hz 95 8§74 RoldlMd AlgdE £ ¥ lab-on-a

chip 7idel AEs £47])719) L85
s Ha=En Y (1]
s, @Y
0 FA4E
< A Es
(2,31

w A %
WHg o]t 1
control) # wholA 2 P I}
R BAE5EY =% (discrete flow control) &%
L} 4 "'ﬁ]r. 31"7 FrAll hxbe -F’rﬂiiﬂ T AR
&7 (11mitation of retention time), -4 A 2]
(dead volume), 713 ¢l _T’J‘"(bubble sticking) % ¢
7t glem, 1313‘ FAEL A 24 AT A
Iy QA& Z&ET HZ olEg R L B
o vlolARPITe} WBE AMLEH] @
(external pressure) ¥} ARA FW
A &4 Z# W ol oﬂ_rleL »11:]. o
2 A2 3 “’47133]9]— 28 npola 1%
A 2 Z}‘%{ rxﬂl\]AE%ﬂ ’1515?
FA ZE e 448 388 Zézl"]w
barrier & QI%H?' deE el A Bue 9
g Aotk [4 1.

237 7] 2 & A fluorocarbon  polymer)

, mE 2E ZHUAE shAn
og 7hA ’“L "%7\, "rrﬂ%“ﬂoﬂ kel 9}@‘1‘*
bR gl ﬁfiii delx o) [67]

X cﬁﬂoﬂ = J_-"F"é iuqo Aar,uﬂoﬁz o}-;] 9,43}04
Egf7ietat g ol &gt lift-off ¥ ol&3te HH
Jalg e, nAREE A48 1’10}‘3% PDMS vw}tolz
2 29 Uyg AEEe fAMNYEE AT A

Be Qs
CEL R LY
AR AgEE WS Fo J)Eo)
2450 THehE J1E

A4oletn ¢ + vt

el

opola R P}
(contmuous flow
2 2AE AR

r ko o by Hurp o

o
b B b ofl 98 = 6 i !

s u{m
& ol
db B
4

oo

ok

o x2 i jo T
o
o

o

[
L

A
A

;1
e
go rd &

g ol g# uAl
z3 A% Behel w

21 A 2 8 Y=

2.1.1 2454 79 H=xe ey
Silicon, Si0. Glass 71%E-2 piranha £ (4 vol%
HoSO/Tvol% HoQu) ol A 108 AR & g

AxRstgch A8 718 Yol 4000rpmel Al AZ 4330 #
ﬂ"ﬂt ﬂﬁ TE8 F soft-bakingg AR F A4z}
FAo] FAF AT

A Y "E 7195 gell BEH/1EC filmE 29
&7 $sbed, HAEE iy Selza AF $49E A
faRn. BH0ANE 57 2

Eiom %’43}0% 3MALL
FC7229 FCA0& 111 ¥ &8 E9ste A }
Terebe 1209 WF

E-ELE’] “Til"ﬂ"? i B o

3057} hard bakingstsith B&H 7= Febzal A

Z3517] 959 Plasma-ThermAts ICP RIE reactor®
Abgatel CFe Zebzel A AF 3L TEsd
=3

wEgrntez  29d J@REL oME EE

p1ranha'9~°“°ﬂ S Lift-off &4E& olgsd 7HdA #Hd
& Al A sty

2.1.1 PDMS 249 (PDMS replica molding
ot alM FAAjA"S] M.

PDMSE m3 79 UPO] ZREYA ArsEel Hout
W, AYENE AR few, vy AEHe vgon
HA s AR O‘C} walk oAbl A o o (~350nm)
7 FHHog FUsd, 25AE AR 3t 0¥
8 AAe g4 sEoY biochipd #F B4 $83

o3

o} [8-11].
uldS 2 ARer] fstd, PDMS 499 H8&
Febzul vEuy HYUE ARTHE o 48l xﬂ*M

Eik= Z‘“XPQ silicon ¥38& 7§§}Q PDMSE A 23
A 771 gk, EaEvr ASHe gite BER7 H*
g 45‘0}@4

e @mYPAte PDMS 3 -r-zmylgazd 184) o} sk
£ 10:1¢ Hlvfﬁ i‘e}d ¥, 27 BN EHEH
PDMS9] e 7XZ 17%6}0%'} 7}32 AAD F
PDMSE A& %%oﬂ 23 70°CAA thEA gﬂoﬂ*ﬁ
ANZF 2o At A ZHY. Astd PDMSE €38 & 4
gAcs HEYE ATAEde] 4" sga %M
o FAA 2w & AH@%&L‘%.

Fig. 12 PDMS 2942 o83 HFAA=EY A 2
ZAEE Vel Fig. ‘?—ﬁ L grigtet a5 S|
o] dAdd FAde] SIOp ]f’&ﬂr vl g27 849
PDMSE bondingstel 748 FAA290E vebdch

- 583 -



Silicon

(a)

Metal coupler

(b)

(©

FC pattern

(d

Fig. 1 Microfludic device fabrication process flow: (a)
Mold master formation by Silicon deep RIE, (b)
Aligning and adhering a metal coupler, (c¢)
PDMS-mixture pouring after FC treatment for the
easy peeling-off and curing at 70C for 4hr, (d)
Bonding PDMS microchannels on the substrate with
hydrophobic patterns.

Fig. 2 Microfludic systems fabricated by PDMS-
replica micromolding and FC patterning technique by
lift-off process.
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Fig. 3 Optical micrographs of (a) plasma deposited
and patterned FC film surfaces on .silicon, (b) spin
coated and patterned FC surfaces on glass.
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Table 1. Static contact angles of probe liquids on FC
films and calculated surface energies

8 8 /) 7s

Films Water  HCONH:  CHils (dyne/cm)
Teflon 108 86 80 1808
Spincoated FC 120 100 100 1051
film
Plasma
deposited FC 108 97 87 14.26
film
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Fig. 4 The time sequence of fluidic behavior inside
PDMS microchannels {(channel depth: 50mm, channel
width: 600m).
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