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Fabrications and Characteristics of Microfluidic Systems Actuated by
Thermopneumatic Method
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Abstract - We present a microfluidic system with microvalves and a micropump that are easily integrated on the same

substrate using the same fabrication process.

The fabricated microfluidic system is suitable for use as a disposable

device and its characteristics are optimized for use as a micro chemical analysis system (micro-TAS) and lab-on-a-chip.
The system is realized by means of a polydimethylsiloxane (PDMS)-glass chip and an indium tin oxide (ITO) heater.
We demonstrate the integration of the micropump and microvalves using a new thermopneumatic-actuated PDMS-based
microfluidic system. A maximum pumping rate of about 730 nl/min is observed at a duty ratio of 1 % and a frequency
of 2 Hz with a fixed power of 500 mW. The measured power at flow cut-off is 500 mW for the microvalve whose
channel width, depth and membrane thickness were 400 um, 110 ym and 320 um, respectively.
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Fig. 1 The configuration of the proposed microfluidic system

integrated the micropump and microvalves. (@) The
cross sectional view of the microfluidic system to be
composed of the microvalves with the micropump has
same structure, (b) The cavity of PDMS replica of

microfluidic  system  integrated = micropump  and
microvalves.

Alzeho] wlojHz H=o) diffuser inlet =, Zo),

divergence =% Ztzb 80 gm, 1500 pmm, 10° o]t} Pump

chamber®] A& Zolt 40 mm< 110 m= A &3t}
dFY B9 Feol: 130molR FHE 1 x 20° mm’2 A
et ITO 3189 dimensiong 235 x 235 mm’Z A%}
sttt vlolag duo I AR olojlaE I =Y

e
ot
ek
g
>
o

2 ?FI < ofM |4 Hol AMa"e M W M

Trans. KIEE. Vol 55C, No. 2, FEB, 2006

I BE oy Ad cavityd HE Ay Al valve seat?}
EAsY 2FY B WA 24 x 24 mm’2EA =i
AZEc, £ ITO 3189 dimension® 2 x 2 mm’E A&
stact. Alde] o), E, valve seat® AEL zHz} 110/m,
400 m, 1 mmZ A =}s¢th. PDMS membraned T4+
Zr2y 320 ym, 390 m, 460 mZ A F3Y 2 PDMS g =9
i inlet¥ outlet holeo] A4 =] 1z WAl 1 mme A
E Frr7t ddso e

Aty wlojzg FPxo) vlolaz W dFYHY 7F
el ol Fagch ITO 3ol A Adsn Ao <Ast
HolA 3, ol PDMS E3¢ Hy <o 37 AFo=z s
PDMS membrane®] ¥H$7t #A8le diffuserg 53 4
g Jojula ME seatE Bol HA) EFS T Aotk w
2 ITO 37t off HH 3¢ A W F79 By}
Fastrz HE Ao ¥Hrt Frise] 439 diffuserd
28 FA7 FLHAY QB seat’t 8 SAU oA B2
A gt}

3.4 3

A wA FAH A Alade 2y 200438 PDMS
Ad = ¥4, PDMS membrane &4, ITO 38 A% &A,
a8y Y FAe oz AzHch HWA PDMS Ao
2 Asr] 98 HEE 1% 9o A #FA (SU-8
20738 110 mm FAZ 23 38 F AR AL 53 A
cavity® gAgcl PDMS A9 B ElY £9¢ 10018 &%
& F SU-8 =Hede] Fdd AHYE doin fHo &
PDMS curinge 72 °CellA FHolm 1A17 o)A A&,
curinge] €43 ¥ 48 slol¥olM PDMS Ad & 23
gk Inlet®™ outletol FEE dZd3748, ddg PDMS
ZH AR R 79L& At PDMS membraned A
Z37] flst A dold fol 130 m TS &4 7%
A (SU-8 2075)2 29 3Y F A AL F3 43¢
AW cavity® A F Ad % PDMS membraned

dEd HIE doiHge HAFHE AzA7] A
PS0000-Etcher W & Al&3l AJE 71¥d 602 F&
CHF3-Plasma A3& 344, o FHLE ¢S PDMS

membranes 2|2 YolHZEE LA wHouly] 4% F3
ojck, e Yol 320 m, 390 pm, 460 me) membraneS A
&7} 918 PDMS &3 €98 #d = doly o 291 =
g s A W FAHoE2A ITO 3|8 T4 94 fd
71% $lel sputter F¥] & AME3ste] ITOZ 170nmZz 539
#3 713 9o} AZ-1512 PhotoresistE® I¥ F @&t
ITO3IEHE ¥ 37] 98] ITO-Etchant €% (FeCly/HCl)
off 4ztg & F 42 PREYE AASA A 2z
=& HAYs= TAHoE PDMSEY ¥z 2 PDMSS
gl gte] HaA-& #38 UV-0s cleanerg AM&3le Z4zre] 89
o] UV/ozone A2 ¥ & sglch UV/ozone M & & ¥
PDMS %79 wE?/(CHy)E O:% CO2 X &5} 7)3}st
2 Yz & ¥93 Si-0-Si 6 AL A "2l
PDMS 4 %3 PDMS 23< An 28 22 Felugol
45t o2& AHE £ F FHIAsx o2 § Hi" PDMS
23 ITO 37 de #3 & 2 wgdoz FHasgo



BEAPHRNE 55C% 28k 20065%F 28

Channel, Pump chamber and Valve seat

SU-8 Photoresist

PDMS peel off

Membrane & Thermopneumatic chamber

SU-8 Photoresist
ITO heater

PDOMS peel off

ITO electrode

Indium Tin Oxide

Bonding by UV-0O;

2

g 2. old 7 Hof AlA”He IF.

%-g-md—

R
—)I Glass I—)'I Glass I
N

AZ 1512 Photoresist

l . Glass I--a‘)

Fig. 2 The fabrication process of the proposed microfiuidic system integrated micropump and microvalves.
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Fig. 3 The photography of the fabricated PDMS microfluidic system.
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Fig. 4 Relationships between the pumping rate and the
applied frequency as a function of PDMS membrane
thickness at a fixed duty ratio of 4 %. The channel
depth and width are 110 «m and 400 um, respectively.
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Fig. 5 Pumping rates of the micropump in the microfiuidic
system as a function of applied frequency with the
various duty ratio of 1 %, 4 % and 7 %. The
channel depth, width and membrane thickness are
fixed at 110 #m, 400 #m and 320 um, respectively.
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