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Development of electroosmotic flow control technique in micro fluidic devices

Eun-Sco Choi,

Dae Joong Jeong . Won Chul Sim ', Sang Sik Yang

School of Electrical Engneering, Ajou University . Intelligent Microsystem Center

Abstract - This paper presents the PDMS surface
characteristic change after the plasma process and the
clectroosmotic  flow  control  technique for  the
two-dimensional focusing in the micro channels made
of PDMS and glass. The channels are fabricated by
plastic molding and micromachining technique. To
obscrve the surface characteristic change as time
clapses, we measure the contact angle of water on
the surface and the velocity of the electroosmotic flow
in a channel. The electric field adequate for focusing
of a core flow in a confluence channel is obtained by
the experiment. The computer simulation is performed
to obtain the width and the depth of the core flow for
several junction angles of the confluence channel.

1. A&

22 wAdvlEe] £¥sh: BAM Y sk Fy oA
Wobs Aegel stebll) 29 f wasie) 4 ol
of Wag viojapg Mot i Hxel A FE ¥
27p el AEsh wvlo) alt chojoji gy sty )
WHE SWEL AV[A%S ol8e HEZL AARES
AL & Yok AyEete ANG T4 HAIMER Uy
o7tk walg Hol 9 A AT gud e
DNARAe] Hgg HRoxn dedd de 883 gl

o [2,3]

28 A BAoie A olg 77 ¥ Hie ABE
’“F/l‘-?lﬂi"%“ Eﬂf g Alato] 7hy bi_ e &
o F ol gt A7t Frkehar g ol Eein
& ﬁﬂﬁ’ﬂ‘ﬂ .ﬁ‘:xﬂlt PDMS (polydimethyl-
siloxanc), PMMA(Polymethyl Methacrylate), poly
urcthan Aelzg 2, paryiene ol don HI o]
2NEE ol &% FEAGHA, FAZTF aga A
el qAl E Er A% 37 5o Al @4
et A ol FolAa vt

A RE o8 f4 old 2xt p-TASUmicro
total anslysis systems)®} &0 #(lab-on-a~chip)el] vl
T Fr&sicH4l & =R kel gl #H7) "%}"
fral old 42AE Asln AAA Fo Febzvl .
Ho@ st PDMS"‘i E2d B4 wsl 2 A 4"] 7’4011
wE HW 54 da € e ¥ ¢ °I 5 yhabsho),

'FACS{fluorescence activated cell sorting)i> 4d MAE A

o) 4 W paol W R, £, WAl ALE T Ahuloln
$89 o dz 4pe Wolezie fANA,E UE U
WAlst] ok} ol &7 Bel Beb YuE W& F Ak
7lE  FACS#ulel MAshgs Hahol 3

2] ,1;\-19. A M Rion LPEE —’F—
: LT R A EER

.(

=
X,
"
5]
a3
i o
Ak
S
fﬂ
i)

ZEvje} Hald o839  x-FACS' (fluorescence
activated cell sorting)ol %&ﬂ A7 olA fA &
A5 Azsi 4EF fFAd EAYS Ao FHEE
AEHBo R T KR M 4xE #eld)

2. N Bd e BY 54

Micro-FACSE F#Aste &g ’—‘Hé}"ﬂ e
8§ Foli, mae] folAn BEAHE i Fehs
€ A9l PDMSH /\}%5}‘5} sRrlge gy '*2’}"]
Fepag ol gty ol F Az HES HAH F4 ®
Hel AtA Zegtzst AHeg @u EFg20 Ao
RIE(Reactive ion ctcher)& sl9, ##& 100W, b4
£ Psceme® oo 9k 200mTorr & &k FE 9
Qtof  olfpolyr), Fepmnel Myl Feof ik .1}/}
radical oxideZ s WA PDMSY Hdol ZHEFol,
o] Al EHAELE Faee AFHol FHA HHo]
Ardoez wigch Treu o] Ak s Al oA
Algkel 7 otgtel wid radical oxide 5 & thAl gdolulz]
WAL Bl HAde) g,

m1g 18 FZElbxzol Ha o) PDMS ¥ FRANE
vhebdn, 298 A54E #sty 1 el 1y 2% #of
HEDe 2ds9gy. 1y 3L a].xu}- e dEo
PDAS Fd9 g Apbxlolul Zepzel xg dxn ¥
°1 7{32?" Zl’z’r 853\':54 B8R EA —rLJr"“} e 46ﬂ

A Bl dadey JEsdEE Lo
e ¢ 9
C}l'-{a C!r{a Cll—ls
Sli — LD Sli — ) - Si.ti
CT—ls C|H3 Clrka
o (@} (@]

238 1 Fg=vl 73 ¥ PDMSH 724

cco
CAMERA

g 2 3&%4 5%

(a) Ehzvt A2l @ (b) Bzo} A 3
a9 3 Fazeh A AFe ®W AR

- 1991 -



0

80+ R ..
o 105 . .
[
g %o
o 4
g
~— 40 .
@ 4 2
Ty
c .
& 204

.
194
° . : . .
0 6 12 18 24 30

Time (hour)

2% 4 ATl ohe WE7e W

25

2.04

1.6

0.5

0.04

Velocity (mmi/s)

0.5

Time (hour)

39 5 Alztel e f&o W

dog ¥Ry Fo

Zazol A & Al A g {59 g
71 95ty Zol7k 50 ym, £o] 25 m, Zol7F 1 ecnl 3
A 9d {F2E PDMSY Hetoln Zg2E Az,
2leoje]  Xzko]  Augg  Fo  H=2Zol  Sodium
Borate(Na;B,O7 - 10H0)& A$Lx AP 5E=2 FAE
olF3tdM H458 EAHFAYL FE FHE s o
Zt A717F 6:mQ) FF vlol=& A W ¥
Zox 200Ve AYE Artst: 9E #F £ HAA
o 28 5 5 Egd2c A F A3 A g 55
< Yyt Azte] ARIEA Fol FeiAed o
AL FRo] aFAez Wy Yielth &, 39 A
Btako] zolxmg AVIFR A7ie Fol FHepxA &
Zo| Astgct watA, A71AFel AFd FA L &
2 AF F oF 12417 ol 8= E Zo| ubd s

Y4e = %
ghdch Alztol AgRA FHzte] AN DFA4e] A
NE &%

l?j_

3. 8% =2 AR 2 53

Za gl K& o]&8kd x-FACS  (fluorescence
activated cell sorting)oll &3 A7ZAF vlM 4 &
22 AFREY A 2H67 ol JrEdeel F4
Al FE7 AT FFOA BE FAH K27 FHIE F
2 Fz2 Hol Utk #HL9 fAC o F4A FAL
ZAAe A £, FHFA olde T4 FEE UE &
Zych Zol7t &A Heol oA FFAH olFole FA
SH 7 f2uide] Mk okm BE #Ael s R
Q52 go] gtk 18 7S ANAF HA olF 29
A FALoT. F29 HolE T2 A Az A8
A SU8-10 =y ¢ F4Hs 2 3 wrEgdh olu SU8Y
Edioz ¢lg dAey 4o ojHPNER HAHZ 4
olHel AAY Azt B2z ok Si 7B
SU8-10& 30 ym FAz2 =8 zZ¥Eg, SUB-108& €

Az Agstn ntaag o&sto vA Hdg HLEE
th SUB A4 IPAE ol&3td dste #HEW 9]
o ueiAE AAGRY AgE F2E ¢l PDMSE X
I 75TCelA 3AEEL EAHHE AAE dBo] Azd
ot 29 AEe 9stE A8 A Eg=oid] o 20x
T =N F R sEtelE FEs FEsE viA)
Adg 7k e FALZ7 Ao

Y 9t WERE FXET EE &4, & Wy 47
of 270 Vo] Mg A7t FEleld HE FYTF o
dF AYES AR E W, A FASL EANHE B

(c)

)
(d) Z

MMSUS( 1st layer) B SUSB( 2nd layer)

[Oxide [_1Si PDOMS EZglass
(a)XOxidation {e)Developing
(b)Aiign key etching (1)PDOMS curing
(c)SU8B coating, developing{g)Separating
(dXSU8 2nd coating (h)Bonding

ag 7 A FR=E

ag g AlFE #A &F

(a) 100V (c) 400V

(b) 200V
29 9 AEE Aol 4E f4 AL AR
(31 270V, HER HA)

- 1992 ~



@0 dd M6 dd 44 49

29 10 Az WY gL 33t o4
(G4 Aol F2E FA AU ARLZEH §A4)

& &btz A& ARlol AER L H4 daE
ALgEd . AR W E 5_816}01 GRS 4
< 25mM¢9 sodium borate(NazBsO7 - 10H0, pH &
ALE st MES A7bAge]l FrtabE FA A4
9] f% Fo] A HE AT R ol wE
4 -?r% ’—‘f—?; o 4 glenz 3x4d g4e] "as
=y

# o] 11 —r/\} oA & Apgsich. AEZ&Y  FITC
(fluorescein isothiocyanate, excited by a 488-nm laser)
& ANe-xm vy Ne B sodium borate® £ Fc ¥

S5 HA st FAE S 200V viHEo] 270VE ¢
7Po}°ﬂﬁ¥. 1m S92 9F 9 2349 A A™E
Hzatel A4S upFo] sPEA AAA I G4
2y 107 ok 54 olFe HeEF9 BE F5
g8 F4 FE8Y FTL& 50melA < 10mB FETH
4 °5° u}ehof] ‘%‘74 3 BT FAo o) nidg
T e d we Hae wieel 24
'5{124 T 59 54 ‘:‘39}01] 8] 8t} o] W
b vl mlobg g Ao

Al B dlo] A

© o wlo
£ % m’ﬂ

p

Wy fRe ?} Z=ol w fA 2ANE 334
A FdE dFsts] flstd 4% FEM Z2a39)

CoventorWare% /\]'%5}04 ANEE F5 AEHIMS
)2 }9&5]' At A HE Eo17] s Yo gAY &

@ & BEHg ApRstdn AEFR e Ze 2zt
40V/cmet 54V/emel WS Artsigia. A 2ye
Bl 7x107[em™/Vs] olz #4F AF: 5x107[cm/s]ol
b, 29 11 (a), (b), (c)3z 2+ §F2hel 0%, 60X, 45
H o FEUe #rAE EANY 89 E3 ol
F vehd Aol AjgHeld Ay £% L& 79 um
Az Tzl mE WEs A9 gout, 71101,- LIt
zto] 60° 4 Wi 25 mE I+ Zcoh

5. 4%

=M E 2 3 Zgkxol A Fd A
toll & XE B4 W3 L: 7&'3}9&‘4. Zalzvl 2
o ofs] FwAo] LA R dsh F7) %—"ﬂ 5% 7
§ Alzbo] Aol ‘ﬂra} _z_-r*é-‘li walnz, A7|4E
FA o4 Eohxel A F of 1247 el FéaE
Aol wighA & At
micro-FACS® #8 g AZIMY
2rste] A7l A wWeE F4 H
o, 29 Fitdd W F4
2]

= = PDMS$} §
;:; 7]{;% A3 a}‘f El 01%51
I J

(b) ¥#Fzteo] 60° L

45742 PDMS 7@ &4 IAE 7tAe 54
=R BEFAE 3PN Aol ARAY Aoz s
‘:}.

#arel <

X oAFe EgeAg XA Fulsd AAHAAG A€
AFAE g e o8 AT

[F =n & 3
[1] D.Figeys and D. Pinto, "Lab on a Chip: A Recolution [
Biological and Medical Sciences,” Analytical Chemistry,
vol.72, pp. 330A -335A, 2000.
[2] St claire R L 1996 Anal. Chem. 68 569R 86R
[3] H. becker st al, palnar quartz chipa with submicron
channels for two dimensional capillary electrophoresis
applications, J.micromech.micro eng.8, pp24 28, 1998.
[4] WE. Morf , OT.Guenat, N.F. de Rooij, “Partial
electroosmotic pumping in complex capillary systems. Partl:
Principles and general theoretical approach,” Sensors and
Actuators, vol. B 72, pp.266 272, 2001.
[5] Y.W.Jeong, B.HKim, J.Y.Lee, K.Y.Cho, J.K.Chang,
K.chun, "Cyclic Capillary Electrophoresis Separator on
Silicon Substrate with Synchronixed Switching” Trans.
KIEE. Vol. 49C, No.11, NOV. 2000.

- 1993 -



