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Micro droplet driven by thermocapillary and capillary valve
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Abstract

This paper presents the design, fabrication, and testing of the capillary-induced pressure drop valve,
thermocapillary pumping of liquid droplet in hydrophilic channels and the splitting of droplet. The capillary-
induced pressure dop is derived with thermodynamic approach considering three-dimensional meniscus
shape which is essential for calculating pressure drop in the diverging shape channel when the aspect ratio is
close to one. The micro channel is fabricated via MEMS processes, which consists of the liquid stop valve to
retard the liquid droplet, thermocapillary pumping region and the bifurcation region. Also the micro heaters
are fabricated to drive the droplet by thermocapillary. The theoretical approaches agree well with the
experimental data. The functionality of capillary valve is confirmed to be valid when the aspect ratio is
smaller than one. To overcome the difficulty in splitting of the droplet due to the pressure drop in the general
Y-shape channel, the protrusion shape is employed for easy splitting in the bifurcation channel.
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Fig. 2 Calculated pressure versus diverging angle

3

1779



2003

3.
(micro heater)
Fig. 3(a)
(wafer) 500nm
10cm .
5000 A TEOS (tetraethoxysilane)
. 5000 A
(Polysilicon) LPCVD (low pressure vapor

chemical deposition)

(phosphorous dopping)

. (patterning)
6000 A TEOS
(Sputtering) ,
(contact pad)
500 mm
200 nm .
200 mm, 200 mm . SOG ( Silicon On
Glass)
. Fig. 3(b)
500 mMm Pyrex
200 mm
SOG DRIE (Deep Reactive lon
Etching)
(sand blast)
Fig. 4
(power supply)
CCD
4,
4.1
Fig. 5(a)
. Fig. 5(b)

|:| Silicon wafer
i 5000 A Teos deposition

E 5000 A polysilicon deposition

& phosphorous doping

E Polysilicon pattern

Passivation layer deposition

% Contact pad opening
% Al deposition

Al removal
(a) Fabrication process of heater.

—
E Silicon etch
tl |:| IﬂSand blasting

(b) Fabrication process of channel

Fig. 3 Fabrication process
ccDb
Camera

lFramegrabber I — — -

=0
s

Controller

DL LEE

Power Supply
Fig. 4 Experimental setup

. Fig. 5
70°  50° Fig. 6
Fig. 6(a) 50° ,

1780



2003

Fig. 7 Thermocapillary pumping

(b) Liquid stops at neck
Fig. 5 Capillary driven stop valve 4.2
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