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PDMS/Glass Serpentme Mlcrochannel Chip for PCR
with Bubble Suppression in Sample Injection

Chul-Ho Cho, Woong Cho, Yoomin Ahn and Seung-Yong Hwang
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nlo] a2 g WH$-Z), PDMS/Glass DNA Chip (PDMS/H-8 #AA}3)

Abstract

This paper reports low-cost microreactor (10 x£) biochip for the DNA PCR (polymerase chain reaction).
The microbiochip (20mm x 28mm) is a hybrid type which is composed of PDMS (polydimethylsiloxane)
layer with serpentine micochannel (360 (m x100 /m) chamber and glass substrate integrated with microheater
and thermal microsensor. Undesirable bubble is usually created during sample loading to PMDS-based
microchip because of hydrophobic chip surface. Created bubbles interrupt stable biochemical reaction. We
designed improved microreactor chamber using microfluidic simulation. The designed reactor has a corner-
rounded serpentine channel architecture, which enables stable injection into hydrophobic surface using
micropipette only. Reactor temperature needed to PCR reaction is controlled within £0.5°C by PID controller
of LabVIEW software. It is experimentally confirmed that SRY gene PCR by the fabricated microreactor chip

is performed for less than 54 min.

. ME

G AR A F2 AdFde

L Ko

g o

NA
& 2 45 (polymerase chain reaction, PCR d,
% F(electrophoresis) 2 ©]&% WHGAE
T4 Eol welazupole i A £

> OH

7 -2 0] 3 (lab-on-a- chip)f’_ ABEHE A3
917¢ =
o]

gk, FAA ?i%‘% 42‘5} DNA 248
e FAs] AsidE, ol ARl A
NA & F&3e A8 d A8 34, F39

& B4 7bsd FnE 3 F¥as

THLAZ, A, dFdsta 7 A S e}
E-mail : ahnym@hanyang.ac.kr
TEL : (031)400-5281 FAX : (031)409-1243
* A BAATA B4R E Lab.
** grofdista djEtd 7)A g g
wee GopoiStE # A A

o|FolHol g}t FEALIANSES FIY T
Qe T AHHSZ(micro reactor) FE| 2] vlo] I Zu]o]
233 2MH A7) 5 H(capillary electrophoresis,
CE)& ol&% wgAE HE4 vwAAr|dsA

(micro CE chip)ol] tist A7} F2 o|Folx 1 gl
th o F FHEAINNS AP AEITAY

weds 498 A% TARAse Aol 2
se2 4y Ax9e sggard A 9w
o2 oA

A Aerol s slEe) A% g Ay 2ol

o
L
u 2 A
LT IR A3 Yok 233
| =
NEe £ARE FY # o, 7129 And ¥

£e2 AA 43 S @5A £ 9o, oy
3 & B3 od % dlE Folg B2 3
A= Ad A 9490

JANA A7E Z2HEL AHRVSE vlo] 0
< ‘E'}%"Fﬁﬂ Wl mhat Hi]?‘é(batch type)® <
% 5 & (continuous-flow type) 2= o] Ach®



N
R
BN
i
fol
ole

MAGE WHgzo| NRE FAF F WIZE W
$eEE 7t 2 W Azle BHold, dbd
9L A 4o HgLx s 9= A2E ¥
AAEE Bol FWA WA FYolh F
2 Ag5E 3 A=t A2 2 49 JeE
(vafenyS3} Felo] Folch Aa gol4T} Hojud
45 B4oz A AP2rwH {1 2
o] ALg® Aol otk delzol sAE 7t
A 2 wde AseE Bg4oz As 2
= fEslRE Boz ofFojx A3 Beinig
flBoR olgojR AG)

o
e
44
w
bt
32

,,
=2
g
_2‘.1_11
o
N
e
=2
ot
it
ot 2

dTE FIdstded, BTy A ¢
S Ag7t BojZ wgx URE ws=A 4bs
(SiO)™ 2 EA H=H A W(silane) A
2 E% 38 ggoz Age dAEL g
ojof 3ty gElm AEe AZ A4 A FH
g5 7HAE gEH w3x AFo] o ],
ol A3 HAMAE EAE dog AXr}
AT FEFE R o]Foz HWI AL wlo]
2 A3tAo] Hold FolAA(Pyrex) frEl71TES
Arggto 2 Algd digt kgl grdrt. st
Ak fele AE wo o) o ed, 5
A A7 AL AN dste AR e A
o] it} adlxm A E Bo} vidgE AT @
o]t}

AR JAF4 FAdAE Hol e 9A

o oft 12 fZ oo -

2 pg3nz A7 gu9 Aol EAME o8
@ H0OWolch Enie A9 APEuy e

AEER J8) W &= Y4 r 73
o] ojFEtlE wdo] Q) Fxwt ZIm g 7wt
o2 3 FL Aygry Aty kAol Hol
Uo A5 AZu 2 gF Agate] AEdite &
Ho=z Qg d3& volePyozMe Iy
AL AYz Yt E9 B F 7Y Bl
ulo]az upo)2 o] HEEHE AZEE PDMS
(Polydimethylsiloxane)7} $1th. PDMS & ¥F9 4
A4 A=A Z3AYG dA &R AojA ¢
A gxdA dHE ¥ 24 Aok AEH
o2 orAsY, EY(molding)?| HE ol&std &
el A2 o 9 Ho| A rMssE=
7'2 R AE ¢Fsit) E3 PDMS = FEA
Exo] LA Kooy 71E9 FeA Ay
a8 A e BFo] shgstths F3ol 9

o,

2
Ho
r=

5§

b 4R oA E ASE
s Agtd AgEE 7o
&% 9 W4E£E7 AR 4o) 3.6 Wl &
Zt 36C/s, 22C/s o] o] 2 AT Shin T 2 &)
Aok pDMS Ho| A4 AEQ o] 2 wol &3
AT £2E£57) 2Tk, BWASEE 12T 24
71E9 AE Hol ustd dAstA "ol
Shin S s Agd F Z$ pDMS A4
2ok Ho| FAHAD H uiEFKo 3E It JEFo
ZH JEREE AMENAY dHE 58] B
HojxE AFo| st &A% Hong 5V 23
A"k POMS & fFEE o]FolA o]F ¥ (hybrid
type) A A4 A8 ko] shin T njs) A
29 oo oF 1525 Hiy} B2 30-50 pAol=E &
Tl $R4&57) 2-4Crs, YAEE7F 1~3Ts 2
B3 g 2l

299 Ho Z4¢ v A= A& FA3)
7] 2o ubel el sjElel dAA A" &
g7183e] A S8 Hong 5V s AlAl
g o g olFFo=m AFsle o] wiEAg
HAolth, Egnl ZTHe A (wettability)o] 2%
Holmz, Zgn slolazZAddMe LA =
AHYE AXA gare ZAR @ o
o3k AgFYgoel A9 BrbestH, 71X Aol
AN AR Y9 o] wd v g o4
vlol g 2ulo] @ oAl sl Eolof & Ajgtojr).
B dFdye dxe A4 ZUAY glolk,
gt Astsl AgAor] Ao)E wielam I
(micro pipette)7r 2.2 7] LA §lo] AAHo
ANZ2FYHo) 23d] olFojAn, g Ho| zta
dE 438 549 dHo] 2gH, PDMS/RY vt
o282 FPEAAHUS wlXg ol dis} Ak
3Lz} ghr

o

-

O

2. PDMS/2l Hio|2Ele| MA ¥ H =

2.1 ojo|aAE de=x

Agg 94 2 pDMS A9 nH BWH A7t
274 98 Y3ty A7t vz WRE 7E
ol AHoz FAH F ARF A Holok
gk Bl AE FY A $AY F e VEE
FTHERLAANE] A axz A Y
o319 olo| 32 f A 9 SHmicrofluidics)?] &€
ANEYold ZTEIBEL ol&3) ARd wgz
o A8 #F dA d&l Mg 3G ol & b
$2 P AA ¥vgsgth nlolaR w3 Zd
ANZ7} FA8 o] Bake] Alsel 3 R o

o EAsn Qe Frlekel AAW AfED



ABFQA AERA0] dA R Rz P

(free surface)?] BA I}AH L sy go=zs nlo]x
23 W9 #A Tr% 4L AEHolH AT,
o]# g AFFEH M= VOF(volume of fluids)H

& A&3sen, VOF 7} 2835 o] 3lE CFD-

ACE+ (ESI group, France) Z2 13 02 Al & o] A

< TP, AEE Zol2F (deionized water)

2 Agstgen, sd 204 3 EHe 3

29 W g9 3FRoz 239

THAE w2 ASAEN)LE,

_‘% 27_}(<900)0_§ }\-1 il z‘g}.@l{;}.

)274]% /J-og /J;ﬂ a}oz 7‘\:] 21]7_‘}8]-021 -;;H
Ad 23E A4FS 58 #U2 syt SAF
ey EAME EH
molding)gi kg x2 4ol 788 poMsS S

£ Eezclz BUAY @ ¥ 4270

°ﬂ @‘%‘6}01 F& S8, A Fezv A

g PDMS FERo] AFAoAM AFAHoR

vt A gk 2 A7olA F3% Zepxel A

v

-

P [e)
AFdL

r:i P flo

i (replica

zd wWE QLA WIE HFFEL FH7
(Phoenix 300; S.E.O. Korea)Z olrgtc}. T

g ZFol= PDMS HW9 FHEFZro] <F 40° ©]3
o} AlZko] Aol ule) ﬂﬂiiﬂrﬂ ’\“ﬂE]Oi 48
AlZE o] FolE ¢F 10002 HYH= 2 45
Aok, gHA 2544 ”Eﬂc’ﬂ o) & %‘—3—
< AbA ZEpEvl ZWAEE T o48417H0] A
o2, Aol digh A48 ZrAg F 14
ojuiell sttt A¥ AE2E H WR H
T @48 F3lo] At WA JdIE AL
stgov, FAFAZ AUR] FZE o] &3t
Age TEL ¥ #dv[H(Cam Scope, ICS-
305A; Sometech Vision, Korea) 0. 2 #2519t}

wA, ge Qpies-bog Algd wiA ¥
Wzl Adnkd gado)| ojIiA AlEH ol &4
< FY3GE . A dig ez 4L Fig 1(a)
o} Zo] A ge9 FYUT(inlet)?} FZT(outlet)7} ¥k
& Anjo] Ao °"3} g x9 Fole 100

mol™, &AW ZL& mm, FYFY &7 2L
400 m = sH3T. Fw %%El% ANge] ge
10 w7t 9% st AEE F2dM = 1
o2 0.05ms & £52 3ETH IR L 190
o, A&7to] 10009} 40°00 A$o] tlEA A&
oL FYch AEHIA A= F AL EF
1£ 2 glo] BHIF AEE AUAE Aoz

< Azstgon], Ag T4
%‘fﬁ% —’F?‘SE }G‘D} F e ANs 4 49 2

F WF ddo] AeAd dAZE Fig. 1(b)o) Al
EdolXd diete 24 127 A2

4 PDMS/H-2] uloloxd 1263

(@) Flow direction

114y
1135 T

L1346
1842
11838
14834

T T T T T T T T T
043 0344 045 0948 DMT OMB OfNP 035 0XS1 0452 0953 08N

(b) - i{%i"; : "
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Fig.2 (a) Simulation model and (b) flow state
simulated for rectangular turn channel type
reactor
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Fig. 3 Flow state (a) simulated and (b) photograph for
round turn channel type reactor
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Fig. 7 Thermal cycling of fabricated microbiochip
controlled by LabVIEW feedback controller
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Table 1 Sample composition for SRY gene PCR. (Total
volume; 13 1)

Component Quantity ()

Nuclease free water 5.22

10X Buffer 13

dNTP 1.08

Primer SRY F 0.5

Primer SRY R 0.5

Additive { BSA] 0.9

Template(100ng/ ;L) 2.5

Taq polymerase (Sunit/uf) 1.0
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Add vlolazulole e A% WAE s
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71 Al(Primus 96  Thermocycler; MWG  U.S.)9
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FPEASA AdNEg Ao Fgais
(polymerase), A'ZA|(primer), §AAF F o] H ¥

=E0l0l =
=2 —

2ol F&E7]) fA "o, ol8d A4S FHES
Aol FJEEol AsiHEz F uFe =Y
Aejg B3 olzjdt Fag WA stojof ¥ HAU}
A} @ B =04 BSA (Bovine Serum Albumin)S
AR Qo] A7k 7F AsUle &ae fAx
ol & WA A o Faste oE It
ANgel F&g A e vEd Ed A
(dynamic coating)2 o} 25} c},

4g BY F4Ax% Add AlgHE 94 Y

G A o) EA5l= SRY(sex determining Y chromosome)
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