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ABSTRACT

‘ Electrowetting is the change in apparent surface energy of
s higuid i an applied electric field. It has shown great promise
w diverse apphications including lab-on-a-chip and electronic
displays. The electrowetting response is typically considered
mdependent of the actuation voliage polaritv.  This paper
describes a mew approach that achieves actuation in different
directions for positive and negative voliage polarities using the
sectrochemical characteristics of aluminum electrodes. This
paper presents a convept for cominudus aciaation of & f:iriméaz
using a single elecivode and DO voltage based on this effes
Butial experiments demonsirate that ém{ﬁ 2 PHOHOR 15 ;ww%
Measurements of voltage drop across aluminum electrodes
confirms the polarity-dependent response of the electrodes.

INTRODUCTION

Electrowetting can be defined as the phenomenoen whereby
the application of a difference in electrical potential (voltage)
berween a solid electrode and 3 small droplet of @ partialiv.
weiting condactive fluld (yving on the electrode) results in a
Setresse in the confact angle bewween droplet and substrate,
tively  mnoreasing  substrate wetiability,.  While  the
Phenomenon has been studied for almest a cenfury, in morg
fecemt years {%m has been a virtual explosion of research in the
area as o result of the introduction of 2 thin dielectric layer
between the elecirode and electrolvte, which has the effect of
fimiting reactions between them and é{«igmma%%y ma‘;rmsmg
fhe allowed voliage. This architecture (with either air, inert gas,
often an insulating ofl as the ‘ambient” phase) has formed the
asis for most recent rescarch in the area termed Electrowetting
o Dhielectnic {(EWOID [TL

The applications of EWGD are diverse, from Izheon-a-chin
evices {2]. to micro-optic lenses and fiber optics {3, 4], w©
digiral displays [3], and even micto motors and propuision
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devices for micro-scale “pond skaters™ [6, 7} A key capability
of many lab-on-a-chip and other dightal microfluidic device
designs is the controlled transport of discrete droplets of fuid,
to dnd from reservoirs and reaction/testing cells. A simple and
popular way to accomplish this is w use EWOD 1o reduce the
contact angle of only a portion of the droplet. This asymmetry
in droplet contact angle causes an imbalance in the net forces
acting on the droplet, causing its motion. The current paradigm
for EWOD droplet transport (deseribed in more detail below)
requires  an entire array  of ndependently  controlled
eloctrowetting electrodes, which must be activated/desctivated
iy @ carefully controlled sﬁa‘gﬁr*ﬁw {2, 8]. This paper W{g) orES 8
novel design for droplet transportation in which this armay is
repiaded ?W 4. single x,i cotrodde, and the directon of droplet
movement iy controlled by the pelarity of the voltage applied.
This novel behavior s dce mﬂg}ﬁ&émﬁ by taking advantage of the
ungue e%eczrg}césxzmis‘:ﬁi properties of shummam.
The current rectification g}m;mmxs of aluminum surfaces
has been long established, and in fagl gave rise to the term
“valve metal” to describe aluminum and other metals that
develop stable passivating oxide layers in air at standard
conditions {as they all tend 1o exhibit this rectifying behavior to
one exient or apothery {91 Testing by the suthors has
demonstrated the exisienee of this property in thin aluminum
films created by evaporation and sputtering, and characterized
the durability of the response,

ALUMINUM ELECTROCHEMISTRY: THE BASIS OF
BIDIRECTIONAL ELECTROWETTING

The Nernst eguation could deseribe the relationship
between the aluminum/platinum reference electrode potential
difference (B} and concentrations of oxidized and reduced
speoies ({07 and TR, as fullows:
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FIGURE 5 EGUIVALENT CIRCUIT OF POLARITY-
DEPENDENT ELECTROWETTING SETUPR THE POSITIVE
BITE IS REVERSE-BIASED, AND RESISTS CURRENT FLOW,
WHILE THE NEGATIVE SITE I8 FORWARD-BIASED AND
ALLOWS CURRENT FLOW

anodiy site becomes cathodic (henee allowing current flow and
removing the potential difference between it and the droplet),
The contact angle of the leading edge of the droplet will thus

always be reduced, while the taiting edge will remamn at s

natwal comtact angle. The design serves not only to llustrate
method  of  creating  single- electrode  continuous drople

movement, but also one in which the polarity of veliage applied
derermines the system behavior, namely the direction of droplet
movement {towards positive voltage )

EXPERIMENTAL VERIFICATION

The test setup featured here uses a high-resistivity {300
SO0 Crom) siticon waler substrate as the electrode. Adop this a
thenmally prown Si0: layer (480 nm) is used a5 the mam
diclectrie.  Standard phowlithography techiigues are vsed ©
pattern and otch holes in the silica. After eiching, the entire
waler is couted with 300 nm of evaporated aluminwn. The
photoresist and {and gbove-lying alominum) are then removed
inoa ol techuigue leaving dlumipum present only where
there had been holes patterned i the diclectne layer. The
entire wafer was then lavered with a spin-coat of 180 nm of
CYTOP w0 increass the hydrophobicity of the surface (see
Figure 61

Initial testing of the above device has shown the predicied
hehavior, nemely continuous droplet movement in the direction
of positive voltage (Flgure 71 Testng was carned owl on o8t
arrays constructed g desoribed asbove, The ambient phase used
was n-Hexadecans 9% {Alfa Xew; o reduce droplet
bvstergsts, and the elecwrolvie droplet consisiad of BMIMPE,
{Acros Organies), an jonic-phase fluid, i,m‘zxmmms movement
on the order of 2-2.3 cm was observed, with actustion voltage
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FIGURE 6

CONSTRUCTION
ELECTROWETTING DEVICE. TOP: 5t SUBSTRATE wiTH
510, DIELECTRIC LAYER. TOP MIDDLE: PHOTORESIST
LAYER AFTER PATTERNING AND ETCHING. BOTIOM
MIDDLE: ALUMINUM LAYER APPLIED BY ELECTRON

TECHNIQUE  FOR

BEAM DEPOSITION. BOTTOM: PHOTORESSY I8
REMOVED I UFTOFF PROCEDURE ALONG  WiITH
UNWANTED ALUMINUM, LEAVING ALUMINUM LAYER N
PREVIOUSLY PATTERNED HOLES IN DIELECTRIC LAYER,
ENTIRE TOP SURFACE I8 GIVEN CYTOP BURFALE
TREATMENT

on the arder of 300 V. Droplet velocity ranged from 2.9 to 3.3
mim‘s with velocity decreasing with each subsequent trial o
the same test array, fkelv as a re%&zii’ of degradation of U
aluminum sites (as discussed above) and/or dielectric laver. The
actuaiion force was of sufficient maﬁmmﬂa to cause splitting of
the droplet when individual sites had become sufficienty

degraded 1o cause “anchoring™ of xa}ma portion of the dre
above it as can be seen in FIGURE 8 The relatively hig
voliage nocessary poses the g}mi’skm of Q%}iakfv&ﬁ degradation ot
the surface of the device {and hence Its performance} over the
course of sevéral toals, Further {ﬁew%{};@m ent utilizing thinner
dielectric and surface treatment layers, and different (highes
permittivity} dielectrics is in progress to devise a syslem with
lower actuation voltages and more repeatable performance.

CONCLUSIONS
While the diode-

long been known, the apphication presented here is nove el
utilizing the ability to rectify current, the aluminum sies :ﬂ
for a capacifance “build- -up under only a portion of & dropict.
resulting in geomeirically asymmetric electroweting Raost
current designs for electrowetting droplet transportation featurc
a large armay of individual glectrodes, which add Giffpuly W
ﬁ‘sam{&msfvw and system control processes. By pattersing A
artay of aluminum sites along a single high resistivity glegtrods
it has been shown thal continuous droplet movement can ¢
While prel zmma;‘xf testing has demansirated the
wéﬁdm of the deatm mm« er wm}\ is ?‘ﬂﬂé‘*é ®

?' g
<like properties of aluminum surfaces 18
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IGURE 7 CONTIRUOUS DROPLET MOTION ACROSS TEST
TRIP. THE VOLTAGE 18 APPLIED WITH THE LEFT-HAND
HDE OF THE STRIP POSITIVELY CHARGED,
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