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Abstract

- A normally open thermopneumatic-actuated microvalve has been fabricated and their properties are

investigated. The advantages of the proposed microvalve are of the low cost fabrication process and the transparent
optical property using polydimethylsiloxane (PDMS) and indium tin oxide (ITO) glass. The fabricated microvalves with
in-channel configuration are easily integrated with other microfluidic devices on the same substrate. The fabrication
process of thermopneumatic-actuated microvalvesusing PDMS is very simple and its performance is very suitable for a
disposable lab-on-a-chip. The PDMS membrane deflection increases and the flow rates of the microchannel with
microvalvels decrease as the applied power to the ITO heater increases. The powers at flow-off are dependent on the
membrane thickness and the applied inlet pressure but are independent of the channel width of microvalves. The flow
rate is well controlled by the switching function of ITO heater and the closing/opening times are around 20 sec and 25

sec, respectively.
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Fig. 1 Configurations of the proposed microvalve. (a) Cross
sectional view of the microvalve, (b) Cavity of PDMS
replica of the microvalve.
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Fig. 2 Fabrication process of the microvalve.
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Fig. 3 SEM images of the PDMS replication. (a} Channel

and valve seat, (b) Thermopneumatic chamber and
membrane, (c) ITO heater.
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Fig. 4 Photography of the fabricated PDMS microvalve.
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Fig. 5 Deflection of the PDMS membrane with applied power.
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Fig. 6 The relationships between the flow rate and the
applied power as a channel width.

250 T T T T

-»—P_, tPa

200 \ ~e—P 2Pa | 1
power atflowolt: 125m | —A— Py, 3P

4 (inket p WPa)

1580 | -
]
\ \ power 3t flow-olf : 150V

100 | e . {irdet pressure 2Pa) h

power at flow-off : 200miV
(inlet pressure 3Pa) |

Flow Ratefyl/min}

SOy,

\ o

IR

0 50 100 150 E)O— 250
Power{miV]

a8 7. inlet 2ol wWE Qe M D Fake| A
Fig. 7 Relationships between the flow rate and the applied
power with various inlet pressures.
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Fig. 8 Relationships between the flow rate and the applied
power as a function of PDMS membrane thickness.
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Fig. 9 Dynamic characteristics of the microvalve in fluid
switching operation.
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