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Abstract
We demonstrated the actuation of droplets by

electrowetting-on-dielectric (EWOD) powered by a
high-voltage (43.2 V) photovoltaic (PV) cell array that
is fabricated by a standard silicon 5 V CMOS-LSI tech-
nology. The concept is to make an EWOD microfluidic
device without any external wired power supply and
wired control signal. One millimeter movement of a
water droplet was achieved only by LED illumination.

1. Introduction
Microfluidics gives promising methods of bio-chemical

and medical analyses by its advantages such as small con-
sumption of samples and short analysis time. In such appli-
cations, droplets on a chip are required to be moved, mixed,
splitted without limit of fluid, EWOD is a commonly used ac-
tuation method in microfluidics [2]. Moreover, it can control
droplets without any covers. Hence it is suitable for micro-
scopic observation.

To manipulate droplets on a chip, it must be filled with
an array of electrodes. Each electrode commonly needs to
be connected to the controller by wire, which means many
connected pads and wire are required. For avoiding the in-
convenience of wires, some methods for wireless EWOD ac-
tuation are proposed [3]. Although these methods can control
droplets remotely, they still need to be supplied with power
by wire.

In this paper, we propose a remote actuation method of
liquid droplets without any external connection by wire. It is
realized by using Ta2O5 low-voltage EWOD and high voltage
PV cells. This concept can remove any electrical connection
by wire and reduce equipment settings.

2. Proposal Method
We propose a new method of supplying power to EWOD

electrodes using PV cells integrated on the backside of
EWOD electrodes (Fig. 1). In this method, power is transmit-
ted not by wire but by light. The wireless operation allows
the microchannels to be used like microscope slides, which
are observed and replaced one after another.

Generally, EWOD requires a high voltage (e.g. 100 V),
whereas a single PN junction on a silicon wafer merely gen-
erates 0.6 V. To eliminate this gap, we utilized low-voltage
driven EWOD with Ta and Ta2O5 electrodes [4] that requires
16–30 V for operation driven by on-chip series-connected PV
cells on a standard CMOS-LSI [5].
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Fig. 1 A concept of wireless operation of EWOD mi-
crofluidics device
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Fig. 2 The design of EWOD electrodes and PV cells. The
EWOD electrodes are designed to carry a 50 µL droplet.
The PV cells are composed of 72 cells connected in series.

In the following demonstration, the PV chips and the
EWOD chips were separately made and connected side-by-
side for proof of concept. Integration will be possible by
through-silicon-via (TSV)s.

3. Fabrication and Measurements
The layout of the EWOD electrodes and the PV cells are

shown in Fig. 2. The electrodes were designed to carry 50 µL
droplets, which is sufficient for bio-analysis. Ta2O5 layer as
an insulator is made by anodization since it can decrease the
applying voltage and the thickness of Ta2O5 can be controlled
by the anodizing voltage. CYTOP is used as a hydrophobic
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Fig. 3 (a) Microscopic image of the EWOD electrodes. (b)
Microscopic image of the PV cells.
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Fig. 4 The dependence of a contact angle at the liquid-
solid interface on the applied voltage.
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Fig. 5 (a) Initial position when the PV cells are illuminated
(b) Position 10 sec after the PVcells are illuminated. One
millimeter displacement was obserbed by illuminating the
PV cell.

layer. As for the PV cells, 72 PV cells are connected in series.
The EWOD electrodes were fabricated with a 4-inch bulk

silicon wafer. On the other hand, the PV cells were made on
a silicon-on-insulator (SOI) wafer. PN junctions and wiring
were made by a standard CMOS process in an LSI foundry,
and then the isolating post-process steps were done in the uni-
versity’s cleanroom.

The open circuit voltage Voc of the fabricated PV cells
were measured through a high impedance voltage follower.
The Voc under room light illumination was 4.2 V and that un-
der LED illumination was 42.2 V. In the measurement data
were averaged to omit electromagnetic coupling from power-
line (50 Hz).

The contact angle of the droplet (θ ) follows Young-
Lipmman’s equation [6]:

cosθ(VA) = cosθ(0)+
1
2

ε
tγLV

V 2
A, (1)

where VA, t,ε,γLV are the applied voltage, the thickness of
insulator, the dielectric constant of insulating layer, and the
interfacial tension between liquid and vapor respectively.

Fig. 4 shows the dependence of the contact angle on the
applied voltage. When the voltage was over 10 V, the contact
angle decreased. The contact angle was saturated over 16 V.
The relative permitivity of Ta2O5 electrodes was measured
with an LCR meter (HP5284) to be 28.1, and the dielectric
constant of CYTOP was 2. Based on these values, the theo-
retical line calculated from Eq. 1 is also drawn in Fig. 4. From
Fig. 4, the contact angle change between illuminated and not-
illuminated is sufficient to actuate a droplet.

The droplet moved by 1 mm, in 4 seconds with 6 second
latency. The reason of the latency and the moving time can be
attributed to slow charging of Ta2O5 capacitor. The charging
time is calculated from the capacitance value of the insulator
(14.4 nF), the output current capacity of the PV cells (83.5
mA/cm2), and the area of a PV cell (206.7 µm × 121.4 µm).
From Fig. 4 the voltage was supposed to be 16 V when the
contact angle was fully changed. Considering these values,
the total time for charging EWOD electrodes is calculated at
10.6 seconds, and the time matches the demonstration. The
speed of droplet movement is a function of the speed of elec-
tron charging of the electrodes, and thus the speed can be con-
trolled by light power and the area size of PV cells.

4. Conclusions
We propose a new method of remotely actuation with-

out any wiring connections. In the experiments, the remote
EWOD actuation of a water droplet was successfully con-
trolled by LED illumination using low voltage Ta2O5 EWOD
and high-voltage PV cells.
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