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Introducton
Sample injection s essential function required in most micro chemical analysis svstems including

single-cell monitoring system which require acourate injection rate of infinitely small amount of drsg
or stimulant chemicals, In this paper, we report a disposable microfluidic chip which perform
nanoliter drug injection for single-cell monitoring system, a micropump to control the sample liquid
with low power consumption and low operation voltage, and a micromixer for fast and accurate
mixing of chemical reagents,

Micropump -

Previously. a number of micropumps have been developed using various actuation methods. However,
most of them require either high voltages (electrostatic, piezo actuation) or high powers (thermal,
magnetic actuation). In recent vears, Lee ef al reported the surface-tension-driven microactuation
hased on CEW with low power (10-300W) and low voltage (1-3V) [1]. We have applied this actuation
mechanism to build up the pressure 1o deflect pumping membranes by the mercury movement in a
microchanmnel,

Fig.1 shows the structure of the proposed micropump illustrated with the principle of pump
actuation. In step |, with a positive applied voltage to the electrode, the mercury drop moves toward
the outlet chamber and the membrane moves downward opening the valve in the inlet chamber while
closing the valve in the outlet chamber. In step 2, the polarity of the applied voltape is reversed to
make the mercury drop moves toward the inlet chamber and the actions in the two chambers are
reversed. From a consequence of mercury motion due to alternating applied signals, the liquid flows

Inled

Salicone e Chatiet
IL channel J‘

Cu Maap valve

r 7 =y
P oekeetode  Elaandne [(ling Silicome nuihher Riwp 2
Sieo 1 B

Fig. 1: Schematic view of proposed micropump and the principle of pumg actuation.
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from the inlet 1o the outlet.

The micropump is compased of three parts — CEW actuator, silicone rubber pumping membranes
and copper flap check valves. The detailed processes have been reported on previous publication [2].
Fig, 2 shows the photograph of the mercury-placed actuator part. Fig, 3 shows the measured flow rates
of the micropump using the silicone rubber membrane when the square wave voltages are applied. The
maximum flow rate is measured as Toulmin at frequency of 25Hz with applied voltage of 23V pp.
These experimental data demonstraie that the continuous electrowetting can be applied 10 micropump
actuation with low voltage (<2.3Vpp) and low power {<1T70pW).
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Fig. 2: Photographs of mercury-placed actuator Fig. 3: The pumping rates as a fimetion of the
actuation [requency,

Micromixer

Rapid mixing is essential in many of the microfluidic systems fargeted for use in biochemistry analysis,
drug delivery, and sequencing or synthesis of nucleic acids [3]. Biological processes such as cell
activation, enzyme reactions, and protein folding often involves reactions that require mixing of

reactants for initiation, Mixing is also necessary in many microfabricated chemical svstems that carry
Fig. 4 shows the schematic
diagram of the proposed micromixer

and photograph of the fabricated

using polydimethylsiioxane (PDMS) o o photograph of the schematic diagram of the proposed
and SU-B [4]. The mixer consists of  misrominer and fabricated micromixer.

two-layer channels and the mixing

Muids is formed by convection and the second step is the inter-diffusion of molecules between
domains, The propased mixer has a separated serpentine flow path in order to increase the chaatic
advection as well as has the repeated segments to increase the interfacial area,

ol complex chemical synthesis,

micromixer which has been fabricated ﬁ.

OLCUrs in @ two-siep process, The first step is segmentation where a heterogeneous mixiure of two
We have tested the mixer using phenolphthalein, a pH indicator that changes from colorless to red
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for pH values greater than eight, Fig. 5 shows the mixing of (.1 mol/L: phenolphthalein and 0. 3molL
MaOH in the microchanne] connected in series, Fig. 6 shows the normalized average optical infensiiy
in each stage of the fabricated mixer. After five or six mixing sections two streams were fully mixed.
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Fiig. 6: Mormalized avernge intensity in each
fubricated mixer (at flow rate 2ml/mink stage of the mixer.

Manoliter Drug Injection

In micro otal analysis systems (micro TAS), 1t is required to accurately control the infinitely small
amount of reagents n the range of nano-, pico- and furthermore femto=liler chemical solution. The
single-cell monitoring chips previously reporied also require manoliter dreg injection onto the target
cell to monitor the cellular response of the chemical stimulation [ 5],

The schematic view of the proposed cell-monitoring chip is shown in Fig, 7. The cell suspension
media is introduced info the inlet by exiernal pressure and single cell is positioned on each cell-
positioning  site. The drug or other
chemicals can be injected om each
capiured cell through the corresponding
injection channels and the resulting cell
secrctions may be monitored. The
hydrophobic region is formed to prevent
the cell suspension media from flowing
into injection channel and allows the air gy, 9. gohematic view of the proposed cell-monitoring and
to leak out during drug introduction. maneliter drug injestion chip.

The device consists of a grooved PDMS and silicon substrate bonded together. The FDMS
structure is formed by replica molding method using 20 pm-thick SU-8 mobds. For the silicon
struciure, the silicon substrate is etched using RIE and the PECVD silicon nitride is deposited. Mext,
for the preparation of hydrophobic region, fluorccarbon (FC) film is spin coated [6] and patterned
using lift-off process. Finally the PDMS surface is modified 1 hydrophilic surface using Oy plazma
treatment and bonded with silicon substrate. Fig. & shows the photograph of the fabricated device.

Drann channel
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Flg. B: {a) Photopraph of fabricated device. (b} Datailed view of doiled region in (),

Fig. 9 shows a sequence of drug injection, First
a polvstyrene bead (15 pm in dizmeter) is exactly
placed on a cell-positioning site from the pre-
defermined flow siream as shown in Fig. Ha)
Kext the blue ink is introduced from the injection

channel (Fig. Wh), ¥l and subsequently injected

into the captured bead (Fig, %(d)). During the ink
injection, air in the injection channel can leak out
through hydrophobic vent ports, Fig. 9{d) shows
thar the excess ink stream is drained out through

i : Fig. %: Seres pictures  during  the
1'“'— h'“ﬂ-er d'l'-ﬂ.il'l l:haﬂ.l'm‘l li:rﬁlll:ﬂ ﬂbﬂ'ﬁ': “'E maim ||1"mmt‘:| flpmﬂﬂ!l hend. {h] mﬂmmg b]liﬂ

- - ' ink (drug)} from the injection chansel (g)
drain channel, demonstrating the injected drug (in o S o iy B ik 4 i
this experiment the injected ink) does not flow into impection pressure. (dj ink (drug) injection onto the

tured bead,
other captured cells. cap 1

Conclusions
In this paper we have presented the structure of nanoliter drug injection for single-cell monitoring
system and successfully demonstrated the nanoliter injection onto single micro-bead or cell. Also the

surface-tension-driven micropump for low power consumption and low voltage operation and new 3-
dimensional micromixer has been fabricated and successtully demonstrated.
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