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Abstract— Lab-on-a-chip technology scales down multiple
laboratory processes to a chip capable of performing automated
biochemical analyses. Electrowetting on dielectric (EWOD) is a
digital microfluidic lab-on-a-chip technology that uses patterned
electrodes for droplet manipulation. The main limitations of
EWOD devices are the restrictions in volume and motion of
droplets due to the fixed size, layout, and addressing scheme of
the electrodes. Optoelectrowetting on dielectric (OEWOD) is a
recent technology that uses optical sources and electric fields for
droplet actuation on a continuous surface. We describe an open
surface light–actuated OEWOD device that can manipulate
droplets of multiple volumes ranging from 1 to 50 µL at
voltages below 45 V. To achieve lower voltage droplet actuation
than previous open configuration devices, we added a dedicated
dielectric layer of high dielectric constant (Al2O3 with εr of 9.1)
and significantly reduced the thickness of the hydrophobic layer.
The device is capable of transporting droplets at speeds as high
as 12 mm/sec using a data projector as an optical source. We
developed a multiple axis contact pad design to apply lateral
electric fields along different axes to achieve multi-axis droplet
movement. We demonstrated microfluidic operations including
droplet merging, mixing, and parallel droplet motion. Further,
the OEWOD device is capable of droplet transportation using
a tablet computer’s LCD screen as an optical source.

I. INTRODUCTION

Lab-on-a-chip technology scales down multiple laboratory

processes to chips capable of performing automated chemical

analyses. A distinct benefit of miniaturized lab-on-a-chip

systems is the significant reduction in sample consumption

and increase in throughput [1]. Digital microfluidics deals

with the manipulation of discrete droplets of chemicals [2],

[3]. Droplet manipulation technologies include electrowet-

ting, dielectrophoresis, surface acoustic waves, thermocapil-

lary forces, magnetic forces, and optical forces [4]. Among

these methods, electrowetting provides the advantages of fast

response time, easy implementation, and large forces from

the millimeter to micrometer scales. Electrowetting is the

modification of the wetting properties of a surface by the

application of external voltage. The concept of electrowetting

was first introduced by Beni and Hackwood [5]. Digi-

tal microfluidic devices that use electrowetting for droplet

movement are called electrowetting on dielectric (EWOD)

devices. The main limitations of EWOD devices are the

restriction in the droplet volume based on the size of the

electrode, the constraints on the droplet motions from the
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layout of electrodes, and layout design restrictions arising

from electrode addressing constraints. We can overcome

these limitations by light-actuated droplet manipulation.

Optoelectrowetting (OEW) is a light-actuated droplet ma-

nipulation technique using optical sources and electric fields.

A projected pattern of light, which acts as a virtual electrode,

is moved to manipulate the droplet. The optical source

generating the patterns ranges from a laser [6] to an LCD

screen [7]. The main advantages of OEW devices are the

simplicity in fabrication process and the large continuous

droplet manipulation region compared to EWOD devices.

Devices that use OEW on a dielectric surface for droplet

manipulation are called optoelectrowetting on dielectric (OE-

WOD) devices. OEWOD devices can be further classified

into open surface devices and sandwiched configuration

devices based on the number of substrates used and the

application of the electric field. Sandwiched configuration

devices use two parallel substrates to manipulate droplets

sandwiched between the substrates. Open surface devices use

a single substrate and lateral electric fields for droplet manip-

ulation. Open surface designs make it easy to interface the

OEWOD device with other microfluidic structures (such as

on-chip reservoirs) to increase its versatility for biochemical

analyses [8].

In this paper, we present an open surface OEWOD de-

vice that significantly improves upon the performance of

previously reported open surface devices [4]. We increase

the effective capacitance of the dielectric region by adding a

dedicated dielectric layer (Al2O3, 25 nm) of high dielectric

constant (εr of 9.1) and reducing the thickness of the hy-

drophobic layer, compared to recently reported open surface

devices [7]. By increasing the effective capacitance, the

threshold voltage was reduced from a few kilovolts [7], [4] to

40.9 V. Low voltage multi-axis droplet manipulation was suc-

cessfully demonstrated by a multiple-axis contact pad layout

surrounding the droplet manipulation region. The device is

capable of performing multi-axis droplet motion at speeds as

high as 12 mm/sec with a data projector as an optical source.

It can perform operations such as mixing, merging, and

parallel droplet manipulation. Further, the OEWOD device

is capable of droplet transportation using a tablet computer’s

LCD screen as an optical source. The significant reduction in

droplet actuation voltage along with the enhanced capability

of low voltage multi-axis manipulation using this OEWOD

device is a step towards achieving a portable light-actuated

microfluidic device.
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II. RELATED WORK

There has been great interest in optical manipulation of

objects for robotics and automation applications. The major-

ity of the work has focused on the use of optical tweezers

to manipulate cells and beads for biology applications [9],

[10], [11], [12], [13]. In this paper, we focus on optical

manipulation of droplets for lab-on-a-chip devices.

Light-actuated droplet manipulation can be achieved using

several methods like direct optical force actuation [14],

[15], optothermal actuation [16], [17], and optoelectronic

actuation [6], [10]. Among these methods, optoelectrowetting

(OEW) is effective due to its fast response, ease of imple-

mentation, and reliability. An OEW device is coated with a

featureless photoconductive layer followed by an insulating

dielectric layer and a hydrophobic layer. Dark regions of

projected light act as virtual electrodes to manipulate the

droplets. OEW devices were first reported by Chiou et al. [6]

who used laser beams (65 mW/cm2) with discrete electrodes

for droplet manipulation.

Recent work in optically activated microfluidic devices

has focused on reducing the droplet actuation voltage and

optical source intensity. Pei et al. [18] reported a light-

actuated droplet manipulation (LADM) device in which

the optical source is a conventional data projector (DELL

4210X) instead of a laser. The aggressive scaling of the

dielectric thickness in the device fabrication helps them

achieve high speed droplet manipulation (2 cm/sec) in low

optical intensity (3 W/cm2).

Park et al. [7] reported a single-sided continuous optoelec-

trowetting device (SCOEW) that uses a data projector for

droplet actuation. They applied lateral electric fields using

aluminum contact pads. The lateral electric field enables

droplet manipulation based on the relative ratio of pho-

toresistances rather than their absolute values. This unique

property allows the optical actuation of droplets with low

optical intensity sources (e.g., LCD screen). The SCOEW

device is an open surface configuration, and Park et al. suc-

cessfully integrated on-chip reservoirs. The main limitation

of the SCOEW device is that it requires high voltage (a

few kilovolts [4]) for droplet actuation. In this paper, we

present an OEWOD device that significantly improves upon

the performance of the previously reported open surface

devices [4].

Since the droplets can be manipulated anywhere in the ac-

tive region, there can be undesired droplet collisions. Hence,

motion planning of droplets plays a critical role in light-

driven droplet manipulation systems. Droplet coordination

and scheduling on digital microfluidic systems has been

previously explored only for EWOD devices [19], [20], [21].

Recently Ma and Akella [22] presented algorithms for the

problem of coordinating multiple droplets in light-actuated

digital microfluidic systems. They mainly focused on creat-

ing matrix formations of droplets by parallel manipulation.

III. DESIGN AND FABRICATION

The design of our fabricated OEWOD device is shown

in Figure 1. We designed it to have multiple contact pads

to create lateral electric fields along multiple axes. A pho-

toconductive film of hydrogenated amorphous silicon (a-

Si:H, 0.5 µm) layer is deposited using Plasma Enhanced

Chemical Vapor Deposition (PECVD). The contact pads are

fabricated by depositing gold (100 nm) using electron beam

deposition. A thin film of dielectric aluminum oxide (Al2O3,

25 nm) is deposited using atomic layer deposition (ALD).

The substrate is spin coated with a hydrophobic layer of

2% Teflon (1:2, 6% TeflonAF:Flourinert FC40, 250 nm) at

3000 R.P.M for 60 seconds and post baked at 160◦C for 10

minutes.
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Fig. 1. Schematic top view of a multiple axis OEWOD device. The droplet
manipulation region (shaded) consists of a photoconductive layer (a-Si:H),
dielectric layer (Al2O3), and hydrophobic layer (2% TeflonAF). (a) A four
contact pad layout in which the contact pads CX and CY (in yellow)
are for applying external voltage in the horizontal and vertical directions
respectively. (b) A six contact pad layout in which C1 to C6 are the contact
pads for applying external voltage.

IV. WORKING PRINCIPLE

The working principle of the OEWOD device can be

explained using its equivalent circuit model [7], shown in

Figure 2. The photoconductive layer (a-Si:H) is modeled as

resistances R1, R2, R3, R4 connected in series. The capac-

itances C1 to C3 are modeled as the effective capacitance

across the dielectric and hydrophobic layers.

When droplets are introduced on the device, the contact

angle with the surface is greater than 90◦ due to the hy-

drophobic nature of the device surface. When the device

is uniformly illuminated by light, the applied voltage drops

linearly across the resistors. As a result, the voltage drops

across capacitors C1 and C3 are equal and the droplet does

not experience any contact angle change.

We will refer to a user specified dark region in the

projected optical pattern as a virtual electrode. When a

portion of the droplet is illuminated by bright light and the

remaining portion is dark (due to the virtual electrode), the

photoresistances R1, R2, and R4 have low resistance due

to bright illumination whereas R3 has high resistance due

to low illumination. As a result, the voltage drop across the

capacitors C1 and C2 will be low due to low voltage drop

across R1 and R2 respectively. Consequently, the voltage

drop across C3 will be high due to high voltage drop across

R3. When there is a voltage drop V across a capacitor with

capacitance C, it induces a charge Q, where Q = C.V . Let

the charge buildup across C1, C2, and C3 be Q1, Q2, and

Q3 respectively. Since the voltage drop across C3 is greater

than C1 and C2, Q3 will be greater than Q1 and Q2.
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Fig. 2. Circuit behavior when there is bright illumination at one end of
the droplet (region under R1 and R2) and a dark virtual electrode at the
other end of the droplet (dark region under R3). R1, R2, and R4 have low
resistance due to bright illumination and R3 has high resistance due to the
dark region. Figure not drawn to scale. Based on [7].

The electrostatic force associated with the accumulated

charges acts to oppose the surface tension of the droplet at the

solid–liquid interface [3], [2]. As a result, the surface tension

is reduced and causes enhanced droplet wetting at the droplet

end near C3 (Figure 2). The relation between the droplet

contact angle change and the voltage across the dielectric

layer is given by the Young–Lippmann equation [3]:

cos θV = cos θ0 +
1

2γ
CV 2 (1)

where θV and θ0 are the contact angles of the droplet

with voltage V and zero voltage respectively, γ is the surface

tension at the solid (device)-liquid (droplet) interface, and C

is the capacitance per unit area across the dielectric region.

The difference in contact angle creates a pressure gradient,

which leads to the bulk flow of the droplet towards the non-

illuminated region [2], [7].

V. LABORATORY SETUP

The experimental setup for droplet actuation on the OE-

WOD device is shown in Figure 3. The device is immersed in

a silicone oil medium (Polydimethylsiloxane trimethylsiloxy-

terminated, 1.0 cSt) inside a transparent Petri dish. A com-

mercial data projector (Dell 4210X) was used as the optical

source. A commercial web camera (Logitech C910) was used

for recording the droplet movements. The external voltage

was applied using a Trek 2205 voltage amplifier powered by

a EZ GP-4303D adjustable DC power supply. The droplets

were introduced on the OEWOD device using a Hamilton

microliter syringe.

A. Optical Pattern Generation for Droplet Manipulation

Optical patterns are generated using a JavaScript appli-

cation. The application is highly portable and can be used

on any modern mobile device or desktop computer with

an Internet browser. There are settings for the user to

easily add or remove virtual electrodes and change various

characteristics including size and speed. Virtual electrodes

Petri Dish

Silicone Oil

Optical Source

Vdc

Amorphous Silicon (1µm)

Aluminum Oxide (100nm)
TeflonAF (250nm)

Gold 0.1µm

Glass Substrate (1mm)

Droplet

Fig. 3. Side view of the OEWOD device laboratory setup. A camera is
stationed above the OEWOD device to record the droplet movement. Figure
not drawn to scale.

can be individually or collectively selected and moved using

a keyboard. Virtual electrodes can also be generated and

manipulated using programmed instructions. The instruc-

tions make it possible to perform multiple droplet motion

in parallel along multiple axes. Instructions control virtual

electrode shape, orientation, and precise movement timing.

Algorithms to perform optimized droplet operations [22] can

automatically generate precompiled instructions.

Fig. 4. Graphical user interface for controlling the optical patterns; a U-
shaped electrode and rectangular electrode are shown. The settings menu
controls the size, shape, speed, and color of the optical patterns. The values
specified are in pixels. The animation canvas is the region where the optical
patterns are drawn and moved using a keypad or as programmed.

VI. EXPERIMENTAL RESULTS AND ANALYSIS

The fabricated OEWOD devices are capable of performing

operations including droplet transportation, merging, multi-

axis movement, parallel manipulation, and multi-volume

droplet manipulation [23]. The active region of an OEWOD

device is the area where droplets can be manipulated using

optical patterns (Figure 5). The external voltage is applied at

the contact pads shown in Figure 1. We used water droplets

in a silicone oil medium.

A. Reduction in Threshold Voltage

Recent work in optical microfluidics has focused on

achieving a portable microfluidic system [4]. Reduction in
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Fig. 5. Top view of the OEWOD device active region. The droplet can
be manipulated anywhere in the active region by a virtual electrode (dark
rectangle next to the droplet).

threshold voltage is a key parameter to create a portable

system that can be powered by portable batteries.

To reduce the threshold voltage (Vth) from previously

reported devices [4], a designated dielectric layer (Al2O3) of

high dielectric constant (εr of 9.1) was included in the fabri-

cation process. By including Al2O3, we successfully reduced

the threshold voltage from a few kilovolts reported in [4] to

40.9 V DC. To experimentally analyze the significance of

the dielectric layer, different sets of devices with different

thicknesses of Al2O3 were fabricated. Analysis shows that

increasing the dielectric constant of the dielectric layer and

coating a thinner hydrophobic layer reduces the threshold

voltage. By varying the Al2O3 thickness we experimentally

verified this for our OEWOD devices and successfully re-

duced the threshold voltage to 40.9 V DC.

B. Influence of Device Capacitance on Droplet Speed

The net force Fnet acting on the droplet is proportional to

the capacitative energy per unit area stored in the dielectric

layer [18] and is given by

Fnet ≃

ε

D
V 2 (2)

where ε is the effective dielectric constant across the device,

D is the thickness of the dielectric layer, and V is the voltage

drop across the dielectric layer. High dielectric constant

materials can increase the net force on the droplet [24],

thereby increasing the droplet speed. We fabricated devices

with two different dielectric thicknesses (D25 with 25 nm

Al2O3, and D10 with 10 nm Al2O3). Our experiments show

that the average droplet speed is higher in device D25 than

device D10. The fabricated OEWOD device has transported

droplets at speeds up to 12 mm/sec (at 120 V DC).

C. Variation in Contact Angle

When there is uniform illumination under the droplet, the

contact angle remains the same at both ends of the droplet

(Figure 6(a)), and it is approximately 150◦. When the region

under the droplet is illuminated by a dark region and the

remaining region by bright light, the contact angle is reduced

at both the ends, due to equal illumination at the droplet

ends. Figure 6(b) shows the contact angle reduced to 120◦

at both ends of the droplet. When a portion of the droplet

is illuminated by the dark region and the remaining region

by bright light, the droplet’s contact angle is reduced in

the dark region thus creating a contact angle difference ∆θ.

1 mm

150
о

120
о

120
о

(a) (b)

1 mm1111 mmmmmmmm

85
о

125
о

(c)

Fig. 6. A droplet showing contact angle variations under different
illumination conditions. (a) When the active region has uniform illumination,
the droplet contact angle remains unchanged (150◦). (b) When the region
under the droplet is dark and the remaining active region is illuminated
by bright light, the contact angle reduces at both ends (120◦). (c) When a
portion of the droplet has a dark region (virtual electrode) and the remaining
region has bright light, the contact angle significantly decreases at the end
with the dark region (85◦).

Figure 6(c) shows the measured contact angles at the ends

of the droplet (125◦ and 85◦) and a ∆θ of approximately

40◦.

D. Influence of Virtual Electrode on Droplet Motion

1) Virtual Electrode Shape: We observed that the droplets

may move off the virtual electrode due to lateral drift. To

avoid this, we experimented with different virtual electrode

shapes. The U-shaped virtual electrode (Figure 9) in partic-

ular, reduces sideways drift of the droplet while moving and

thus prevents uncontrolled droplet movement.

2) Virtual Electrode Dimensions: In the OEWOD device,

for a specified droplet volume, droplet movement is influ-

enced by the actuation voltage, intensity of the optical source,

and the dimensions of the virtual electrode. While keeping

the actuation voltage (80 V DC) and the optical source

constant, we modified the width of a rectangular virtual

electrode to analyze the droplet behavior. Experiments were

conducted by changing the dark band width while keeping

the droplet volume constant.

Case A: Virtual Electrode Width < Droplet Radius. If

the virtual electrode width is significantly smaller than the

droplet radius as shown in Figure 7(a), only a small portion

of the droplet region overlaps the dark region. Improved

wetting due to optoelectrowetting was exhibited only on the

overlapping droplet region. So there will not be sufficient

reduction in contact angle in the dark band region of the

droplet to generate movement.

Case B: Virtual Electrode Width ≃ Droplet Radius. If the

virtual electrode width is approximately equal to the droplet

radius as shown in Figure 7(b), then half of the droplet will

be illuminated by bright light and the other half will be

illuminated by the dark region. The droplet’s contact angle

under the dark region decreases due to optoelectrowetting

and the contact angle of the droplet in the bright region

remains unchanged. This difference in contact angles at the

ends of the droplet helps the droplet move towards the

wetting region (i.e., towards the virtual electrode).

Case C: Virtual Electrode Width > Droplet Radius. If the

virtual electrode width is greater than the droplet radius as
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Fig. 7. Relation between droplet radius and virtual electrode width. (a)
Droplet radius is significantly larger than the width of the virtual electrode
(rd > W1). (b) Droplet radius is equal to the width of the virtual electrode
(rd ≈ W2). (c) Droplet radius is significantly smaller than the width of the
virtual electrode (rd < W3).

shown in Figure 7(c), then most of the droplet will be covered

by the dark region. The droplet contact angle changes at both

ends of the droplet, but the difference in contact angles will

be small. Hence no droplet movement is observed.

The experimental results in Table I show that the droplet

moves continuously when the virtual electrode width is

approximately equal to the droplet radius. The droplet stops

moving as the difference between the virtual electrode width

and the radius starts increasing. The analysis was also

experimentally verified using 10 µL droplets.

E. Multi-Axis Droplet Manipulation

We developed a multi-axis contact pad design to achieve

a strong electric field along different axes by activating

different sets of contact pads. Park et al. [25] reported that

droplet transportation is difficult in the direction perpen-

dicular to the applied electric field due to weak electric

field strength. They used optical patterns of different shapes

(Paired-Diamond) to increase the electric field strength in

two perpendicular directions for achieving multi-axis droplet

motion at high voltages [8]. We achieve low voltage multi-

axis motion without modifying the shapes of the optical

pattern. We instead fabricated multiple contact pads around

the active region (Figure 1).

For a given pair of activated contact pads, the droplet

can be moved at different angles as shown in Figure 8. We

observed droplet motion up to 60◦ from the axis of activated

contact pads without a significant change in droplet speed.

A droplet (20 µL) was moved along the vertical direction

and then the virtual electrode orientation was changed by

45◦. The droplet was moved along the new direction at

the same speed and voltage. To further demonstrate the

capability of the device, the droplets were manipulated at

multiple angles on either side of the activated contact pads

as shown in Figure 9. Initially, a droplet (20 µL) was moved

at 30◦ (clockwise) with reference to the activated contact pad

axis followed by motion 30◦ and 60◦ (anticlockwise) with

reference to the axis of activated contact pads. By activating

different sets of contact pads at different instants, we can

manipulate droplets at arbitrary angles and directions.

(a) (b)

(c) (d)

Fig. 8. Multi-axis droplet movement using a rectangular virtual electrode.
The activated contact pads C1 and C4 are positioned as in Figure 1(b). The
droplet volume is 20 µL. (a) Initial position of droplet. (b) Droplet has been
moved along the axis of activated contact pads. (c) Angle of virtual electrode
is changed to 45◦. (d) Droplet after motion along the new direction.

F. Droplet Manipulation using LCD Screens

We demonstrated droplet manipulation on a TFT LCD

screen (Samsung Galaxy Tab 10.1 tablet) using the OEWOD

device at an input voltage of 567.2 V DC and droplet speed of

1.2 mm/sec. Previously reported OEW devices use a few KV

for manipulating droplets using LCD displays [4]. The im-

provement in effective device capacitance helped us reduce

the actuation voltage and improve droplet speed. We used 50

µL droplets and a 5 mm wide virtual electrode to transport

the droplet (Figure 10). This reduction in voltage requirement

for droplet manipulation using portable low intensity optical

sources takes us a step closer towards achieving a portable

microfluidic system.

G. Droplet Operations

We demonstrated microfluidic operations including droplet

merging (Figure 11) and parallel droplet movement (Fig-

ure 12) using the OEWOD device with a data projector.

Merging was tested on 10 µL and 20 µL droplets. We

observed that the merging is instantaneous once the droplets

come close to each other. The mixing of a merged droplet is

completed by moving it in both vertical directions from its

merged location. Figure 12 shows the simultaneous parallel

motion of two droplets. Two droplets of 20 µL are simultane-

ously transported at approximately 2.5 mm/sec. This ability

to actuate droplets in parallel at equal voltage and speeds

can potentially play a key role in performing biochemical

analyses for biological applications.
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TABLE I

INFLUENCE OF VIRTUAL ELECTRODE DIMENSION ON DROPLET MOTION. THE DROPLET VOLUME IS KEPT CONSTANT AND THE VIRTUAL ELECTRODE

DIMENSION IS VARIED IN EACH CASE TO OBSERVE THE DROPLET BEHAVIOR.

Droplet size Virtual electrode
Droplet radius Droplet

Volume Radius width
Virtual electrode width Behavior

(µL) (mm) (pixels) (mm)

20 1.75 10 0.9 1.94 No contact angle change

20 1.75 20 1.8 0.97 Continuous droplet movement

20 1.75 25 2.2 0.79 Contact angle changes, no droplet movement

20 1.75 30 2.7 0.65 No contact angle change

(a) (b)

(c) (d)

Fig. 9. Multi-axis droplet movement using a U-shaped virtual electrode.
The activated contact pads C1 and C4 are positioned as in Figure 1(b).
(a) Droplet moving 30◦ clockwise with reference to the axis of activated
contact pads. (b) Droplet moves along axis of activated contact pads. (c)
Droplet moving 30◦ anticlockwise with reference to the axis of activated
contact pads. (d) Droplet moving 60◦ anticlockwise with reference to the
axis of activated contact pads.

(a) (b)

(c) (d)

Fig. 10. Droplet movement using a Samsung Galaxy Tab tablet as the
optical source. The contact pads C1 and C4 are activated and positioned
along the direction of droplet motion. (a) Initial position of droplet (70
µL). (b) The contact angle of droplet changes and droplet starts moving.
(c) Droplet at intermediate position. (d) Final destination of the droplet.

(a) (b)

(c) (d)

Fig. 11. Droplet mixing. (a) The initial position of two colored (green
and red) droplets (10 µL each). (b) The green droplet has moved towards
the red droplet, which is kept stationary in its initial position. (c) Once the
red and green droplets are merged, the upper portion of the merged droplet
remains green and the lower portion remains red. (d) The mixed droplet
after it has been moved in both vertical directions.

(a) (b) (c)

Fig. 12. Parallel motion in an OEWOD device. Two droplets are transported
simultaneously by virtual electrodes moving at 3 mm/sec.

VII. CONCLUSION

A. Contributions

In this paper, we presented an open surface optoelec-

trowetting microfluidic device that can manipulate droplets of

multiple volumes ranging from 1 to 50 µL at voltages as low

as 40.9 V DC, and capable of transporting droplets at speeds

as high as 12 mm/sec. We achieved this low voltage acti-

vation by adding a dedicated Al2O3 dielectric layer of high
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dielectric constant and significantly reducing the thickness of

the hydrophobic layer. The advantages of this device are low

voltage droplet actuation and multi-axis droplet motion. This

device can perform basic digital microfluidic operations such

as transportation, mixing, and merging at low voltage and we

demonstrated multi-axis droplet motion at equal speeds. We

also described the effect of the relation between the optical

pattern dimensions and the droplet size on droplet behavior.

Finally, we demonstrated droplet transportation with a tablet

computer as the optical source, taking us closer to the goal

of a portable optoelectrowetting lab-on-a-chip system.

B. Future Work

The significant reduction in droplet actuation voltage

along with the enhanced capability of low voltage multi-

axis manipulation using this OEWOD device is a step to-

wards achieving a portable light-actuated digital microfluidic

device. The threshold voltage can be further reduced by

increasing the dielectric properties of the hydrophobic layer.

Miniaturization of the voltage source will be critical in

achieving device portability. We additionally plan to develop

motion planning algorithms for automatically coordinating

the motions of the droplets on the devices to create specified

droplet formations.
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