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Abstract—Energy harvesting with the utilization of the
reverse electrowetting-on-dielectric (REWOD) phenomenon
is a unique method of generating energy by implementing
electrolyte impingement using mechanical modulation. The
goal of wearable motion sensors that are self-powered has
been undermined by the prior REWOD research’s empha-
sis on planar electrodes, which are not flexible and require
high-voltage bias to improve output power. In this article,
REWOD-based energy harvesting is implemented using two
sets of dissimilar flexible electrodes. The electron-beam
physical vapor deposition (EBPVD) technique is utilized to
coat materials on polyimide sheet. In the first planar REWOD
experiment, mechanical energy was harvested through elec-

REWOD
Mechanism

I
I

0 AL,
SChromium & Polyimide
“Conductive electrolyte

REWOD

" Titanium
Wearable health
monitoring sensor

—AA—]
Y
J
1k
i
L an—]
Y

y
P27, Prototype of flexible electrodes-
based REWOD energy harvester

Equivalent REWOD energy
harvester circuit model

trolyte impingement via 2-mm electrode displacement between the top and bottom electrodes. In a second REWOD
experiment, the electrodes underwent a flexing test with electrolyte encapsulated between the electrodes. The planar
experiment resulted in the maximum power density value of 0.002 xW/cm?2, and the progosed flexing REWOD test

measurement with electrolyte encapsulated between both electrodes resulted in 0.05 xW/cm

of power density, which is

~25 times higher than the value generated using the conventional REWOD setup.

Index Terms— Electrolyte impingement, electromechanical
electrowetting-on-dielectric (REWOD).

modulation, energy harvesting, flexible electrodes, reverse

. INTRODUCTION

LECTROWETTING is a long-studied phenomenon that
E involves a variation in the electrolyte’s surface tension on
the rigid surface when an electric field is applied [1], [2], [3].
Electrowetting-on-dielectric (EWOD) refers to electrowetting
that occurs on a dielectrically insulated surface. The EWOD
mechanism involves an applied voltage that causes a liquid
droplet to move. EWOD on a highly hydrophobic surface has
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a wide range of applications, and Krupenkin and Taylor [4]
published a paper a decade ago on the concept of electrostatic
energy creation via the liquid droplet’s mechanical modulation,
reversing the premise of EWOD. This phenomenon, known
as reverse EWOD (REWOD), makes it possible to capture
energy from electrolyte impingement and has attracted the
attention of numerous recent research works [5], [6], [7].
The developments in human healthcare monitoring of physical
activity and illness diagnoses have greatly advanced over the
last few decades [8], [9], [10], [11]. Several health habits are
tracked in real time by wearable and implantable sensors,
giving clinicians important data [12], [13], [14]. Wearable
technology has effectively enabled continuous human health
condition monitoring in routine daily activities, such as walk-
ing, running, sports, and clinical situations.

Wearable sensors have traditionally been powered by bat-
teries, which limits the device’s longevity due to the necessity
for regular battery replacement, which has a direct impact
on the device’s performance and reliability [15], [16], [17],
[18], [19]. Furthermore, batteries obstruct device downsizing
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Fig. 1. Principle REWOD mechanism. The electrodes displacement
owing to mechanical modulation is given by the following: Al= 1 — b.

and are linked to specific safety concerns, such as battery
explosions and electrolyte leakage. Therefore, it is critical to
develop energy harvester array that gives scope to power such
sensors. Among many recently developed ambient energy-
harvesting technologies, triboelectric nanogenerators (TENGs)
have been shown to operate better in the lower frequency
range (0.25-5 Hz), but have limitations concerning mechanical
degradation. TENG’s output power density and energy con-
version efficiency can be significantly increased by utilizing a
transistor-inspired design that can be implemented in different
interfaces. Also, the design resiliency is improved, and the
spatial restriction is relaxed by integrating several power
generation units with a two-drain electrode architecture and a
single energy collector [20], [21]. Despite significant advance-
ments in other energy-harvesting techniques, the majority of
harvesters fail to achieve high-power conversion efficiency
at low frequencies with a low range of displacements (1-
3 mm) [22], [23], [24].

Furthermore, the piezoelectric energy-harvesting approach
necessitates continual material strain on electrodes, resulting
in material degradation, which has a direct impact on the
energy harvester’s lifetime and reliability. Piezoelectric energy
harvesters have been employed as a stable source of energy
in a wide range of applications [25], [26], [27], [28]. Nev-
ertheless, their maximum performance occurs at frequencies
that are substantially higher than the typical human motion
frequency range; hence, they are not suitable for self-powered
human motion sensors (e.g., 1-5 Hz) [29], [30], [31]. Due to
radiation damage, electromagnetic energy harvesters are not
the best choice for powering wearable sensors in applications
for human health monitoring. The electromagnetic device radi-
ation is limited to 1.6 W/kg as per Federal Communications
Commission (FCC) standards to reduce the amount of energy
absorbed by humans and address any safety concerns. Due to
the limits of current energy-harvesting technologies in terms of
harvesting energy from human physical activities, a harvester
device that can reliably harvest energy at a low-frequency
range (less than 5 Hz) and has greater longevity is urgently
needed. REWOD, a unique method of electrostatic energy
harvesting, has evolved in the past decade, and there have
been many research works that focused on REWOD-based
energy harvesting [32], [33], [34], [35], [36]. The REWOD
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Fig. 2. Graphical visualization of the REWOD energy harvester mea-
surement system.

mechanism has been shown to work successfully at low
frequencies due to its independence from solid structure res-
onance. REWOD involves the applied mechanical force on
the electrolyte sandwiched between conductive and dielectric
electrodes, resulting in the generation of a voltage owing to
a variation in the electrical capacitance. As the electrolyte
is continuously deformed between the aforementioned two
electrodes under the application of an external mechanical
force, causing a periodic change in the electrode—electrolyte
interfacial area, REWOD converts the kinetic energy of liquid
motion into electrical energy. Electrical double layer (EDL)
and dielectric layer insulator cause capacitance at the elec-
trolyte and electrode interface. The electrolyte impingement
process is presented in Fig. 1. The mechanical modulation
results in the maximum electrode displacement of Al, which,
in this work, is 2 mm, where: Al =[] — 5, in which [ is the
maximum electrode displacement, which is 4 mm, and [ is
the minimum electrode displacement, which is 2 mm.

The remaining sections of this article are organized as
follows. The flexible electrodes fabrication and REWOD
measurement setup procedure are presented in Section II.
Section III presents the bending test measurements. Section IV
presents the measured results of voltage, resistance, capaci-
tance, and current generated by utilizing the fabricated flexible
electrodes in the REWOD setup environment. The concluding
remarks are presented in Section V.

Il. EXPERIMENTAL SECTION

A. Flexible Electrode Fabrication

Polyimide sheet was utilized in the fabrication of two
distinct types of electrodes. The polyimide sheet with 0.11-mm
thickness is chosen, as it is flexible. A section of polyimide
sheet was snipped into six identical sized portions, each having
a volume of 35 x 35 x 0.11 mm?>. Of these six portions,
three had chromium (Cr) and titanium (Ti) coatings with
the respective thicknesses of 50 and 150 nm. The remain-
ing three samples were coated with Cr and Ti with the
aforementioned thicknesses, along with a dielectric material
Al,O3 with 100-nm thickness. The coating of the materials
on the polyimide sheet has been accomplished utilizing the
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Fig. 3. Flexible three-layer-coated electrode. (a) Graphical visualization
of flexible three-layer-coated electrode. (b) Fabricated electrodes.

electron-beam physical vapor deposition (EBPVD) method.
The two-layer-coated sample is employed as the top electrode,
and the previously described three-layer-coated sample served
as the bottom electrode. After the completion of the coating
procedure, the coating was visually examined utilizing a
trinocular stereo microscope (AmScope 1140) to make sure
the coating consistency.

B. Measurement Setup

The graphical visualization of the flexible REWOD
energy-harvesting measurement setup is presented in Fig. 2.
The electrolyte used in the experiment is a 50-uL pure
deionized water that is positioned between the top and bot-
tom flexible electrodes, with the bottom electrode supported
by the stand being placed on the mechanical oscillator in
order to facilitate up and down displacements, where the top
electrode is having a fixed position. The fabricated electrodes
are presented in Fig. 3(b). The mechanical oscillator has
assigned oscillation frequency values from 1 to 5 Hz through a
mobile or iPad-controlled frequency generator application. The
collector probe is attached to the top electrode, and the ground
probe is attached to the bottom electrode during the electrolyte
impingement process to measure the ac peak-to-peak voltage
recordings utilizing a Keysight oscilloscope (DS0X3014A).
The other end of the collector and ground probes are connected
to an impedance analyzer (AD5940) to analyze the resistance
and capacitance variations due to changes in the surface area
owing to the electrolyte impingement procedure.

The measurement setup for REWOD energy harvesting is
presented in Fig. 4(a). The setup depicted consists of a top
electrode coated with chromium (Cr) and titanium metal (Ti)
layers that serve as current collectors and a bottom electrode
coated with the aforementioned metal layers for electrical
conduction first, followed by an Al;O3 metal-oxide dielectric
layer. Fig. 4(b) shows the top view and Fig. 4(c) presents
the side view of the electrolyte sandwiched between two
electrodes. Utilizing a specially constructed subwoofer system
that can be controlled by a signal-generating smartphone appli-
cation (Function Generator PRO), the electrolyte positioned
between the top and bottom electrodes is made to undergo an
electrolyte impingement process.

The bottom electrode is attached to a support stand that
is placed on the subwoofer, which oscillates up and down
according to the frequency values assigned to it by the app.

stand

(@)

Fig. 4. (a) Measurement setup for REWOD energy harvesting. (b) Top
view of the electrode—electrolyte configuration showing the collector
probe and ground probe. (c) Side view portraying the electrolyte in
between two flexible electrodes.
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Fig. 5. REWOD energy harvester in a parallel configuration and
its equivalent lumped element model. (a) Parallel configuration based
REWOD equivalent lumped element model. (b) Cross-sectional view of
the REWOD configuration.

The frequency values range from 1 to 5 Hz with 1 Hz of step
size. A signal-generating smartphone application (Function
Generator PRO) app stimulates the subwoofer that enables
desired amplitude displacement fluctuation along the vertical
direction. The desired amplitude displacement value can be
assigned manually in the app. This application works almost
exactly like an actual function generator.

The REWOD configuration is theoretically understood with
an electrical equivalent circuit utilizing lumped elements that
are arranged in parallel, as depicted in Fig. 5(a) to the con-
figuration presented in Fig. 5(b). The parallel configuration
consists a resistor R p, a variable capacitor Cp, variable current
source Ip, and a load with resistance (Ry). The generated
alternating current on the REWOD electrodes is represented by
Ip, which is the rate of variation of the generated charge. Elec-
trical resistance occurs across the electrodes as a result of the
electrical conductivity, thicknesses of the electrode—electrolyte
interfacial region, and the conductive layers as well as the
electrolyte modulation, which causes Cp to act as a variable
capacitor that varies periodically. Theoretically, as the distance
between the top and the bottom electrodes decreases, the
capacitance generated across both electrodes increases, and
as a result, the alternating voltage and current variations can
be observed, and power generated as a byproduct can be
analyzed.

I1l. BENDING EXPERIMENT FOR FLEXIBLE ELECTRODES

The fabricated three-layer (Cr, Ti, and Al,O3)-coated flexi-
ble electrodes underwent a flexing REWOD test to check the
reliability of the three-layer coating on the polyimide substrate.
The flexible electrodes were visually checked after the bending
test. The coating on the polyimide sheet is intact even after the
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Fig. 6. Implementation of flexing REWOD test with bend-test sample.
(a) Cross-sectional view of the flexing REWOD sample. (b) Electrolyte
placed in the DST formed slot. (c) Enclosed structure with extended

copper wires. (d) Overall test setup portraying the REWOD flexing
mechanism.

samples were bent several times. A stepper motor, an Arduino
microcontroller board, and a 3-D-printed model with a mov-
able pedal were used to implement the flexing REWOD test
for the fabricated flexible electrodes. The 3-D-printed model
consists of a stand to hold the stepper motor and a movable
pedal that is attached to the arm of the stepper motor. The
flexible electrode is positioned on the fixture, and the stepper
motor is controlled with an Arduino microcontroller, which
is programed to rotate the stepper motor from 0° to 45°
and beyond if necessary. The flexing REWOD test sample
comprises top and bottom electrodes sealed together to have
an electrolyte placed within the enclosed space. The top and
bottom flexible electrodes were each individually connected to
two copper wires that were extended outward to facilitate the
connection for the measurement purpose. The copper wires
enacted as collector and ground terminals for the top and
bottom electrodes, respectively. The cross-sectional view of
the bend-test sample is presented in Fig. 6(a). The conductive
portion of the bottom electrode is connected to a copper
wire, and these both are binded together by epoxy, which is
cured for 24 h. The bottom electrode was surrounded by thick
double-sided tape (DST), which served as a support structure
to keep the electrolyte confined, as shown in Fig. 6(b). The
boundary of the DST is then coated with UV-curable adhesive,
and the adhesive is cured via exposure to UV light to ensure
a proper seal. An electrolyte of 50 uL is used to fill the space
enclosed by the DST soon after the applied glue has solidified.

The top electrode is connected with a copper wire in a
manner similar to the bottom electrode. The top electrode’s
uncoated side is bound together utilizing a much larger DST.
To complete the seal and prevent the electrolyte from leaking
out, the top electrode’s coated side is positioned to completely
enclose the space between the two electrodes, as shown in
Fig. 6(c). The bend-test sample is supported on the aforemen-
tioned 3-D-printed structure using a polyimide sheet, as shown
in Fig. 6(d).

V. RESULTS AND DISCUSSION
A. AC Voltage Measurements

AC voltage generated utilizing the REWOD setup was
measured using a Keithley 2400 Source meter and Keithley
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Fig. 7. (a) Voltage comparison for the considered three flexible sam-

ples. (b) Time-scale voltage plots were generated using the considered
three flexible electrodes at 5-Hz modulation frequency for the first 1 s.
(c) Capacitance comparison for the considered three flexible electrodes.
(d) Measured resistance comparison of the three flexible electrodes.
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Fig. 8. (a) Current comparison for the considered three flexible
samples. (b) Time-scale current plots generated using the considered
three flexible samples within the first 1 s at the frequency of modulation
of 5 Hz.

Kickstart 2.0 data analyzing software for a 1-5-Hz frequency
range with a step size of 1 Hz. An almost linear relationship
has been observed between the ac peak-to-peak voltage and
the frequency. For the specified frequencies, the ac peak-to-
peak voltage values were observed to be in the range of 192—
484 mV. A 50-uL electrolyte with 0.33-cm? interfacial area
between electrode and electrolyte with a 2-mm displacement
variation between the electrodes was utilized to obtain these
voltage ranges for all three considered flexible electrodes. The
overview of voltage variations for all three samples within the
1-5-Hz frequency range is portrayed in Fig. 7(a). The peak-
to-peak voltage graphs with respect to time for the first 1 s at
the operating frequency of 5 Hz are presented in Fig. 7(b).

B. RC Measurements

The current source coming out of the REWOD in the
modeled energy harvester is /p, with capacitance Cp and Rp
in parallel. Electrical resistance, Rp, comes to play between
the electrodes because of the factors, such as the conductivity
of the electrolyte, the electrolyte’s thickness, conductive and
dielectric layers, and the electrode—electrolyte interfacial area.
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The analog front-end device AD5940 is used to measure Rp
and Cp while the electrolyte impingement process. For each
given frequency of oscillation, this measurement yields the
system’s total magnitude of impedance and phase angle

1
|Z] = 5 ey
(%) + @2
_ tan(P)
p= oC, 2)
_ tan(®P)
Cp= (3)

N (RI—P)Z+(C1,L())2 X w X |Z|

where absolute impedance is denoted by the |Z], the system’s
resistance is Rp and capacitance is Cp, phase angle is ®, and
the ac signal’s angular frequency is w = 2xf, in which f is
the oscillation frequency. Fig. 7(c) shows a capacitance com-
parison for all three considered flexible electrodes/samples.
Fig. 7(d) shows the measured resistance comparison of the
three samples. The capacitance and resistance values for all
three flexible electrodes were almost equal and followed
the same trend. As the metal coating on all of the flexible
electrodes used is the same, the resistance measured across
those considered electrodes must be almost the same, and the
RC measurements satisfied this notion.

C. AC Current Measurements

The measurement of ac current generated using REWOD
setup is carried out with 1-Hz step size for a 1-5-Hz range
of frequency with the help of Keithley 2400 source meter and
Keithley Kickstart 2.0 data analyzing software. An increasing
trend of ac current is observed with an increase in frequency
with the current, and the frequency has a nearly linear rela-
tionship, as shown in Fig. 8(a). For the considered frequency
range of 1-5 Hz, the ac current generated with peak-to-
peak value in the range of 14-167 nA in the first trial, 9—
150 nA in the second trial, and 10-163 nA in the third trial.
These current ranges for all three flexible electrodes were
obtained by using the same electrolyte used for obtaining
voltage measurements, that is, 50-uL droplet of electrolyte (DI
water) and 0.33 cm? of electrode—electrolyte interfacial area
as mentioned earlier. The maximum measured peak-to-peak ac
current at 5 Hz frequency for the first flexible electrode was
167 nA, 150 nA for the second flexible electrode, and that
for the third flexible electrode was 163 nA. Fig. 8(a) shows a
summary of current variations for all three flexible electrodes
within the range of 1-5-Hz frequency of operation. Fig. 8(b)
shows the peak-to-peak current plots with respect to time for
the first 1 s at a 5-Hz operating frequency. The 484 mV of the
peak voltage difference and 167 nA of peak current difference
are achieved with the combination of flexible electrodes and
conventional REWOD setup where the electrodes are not bent,
which resulted in the generation of 0.080 W of power. With
the aforementioned electrode—electrolyte interface area, the
corresponding power density value generated is estimated as
0.002 (uW/cm?).

D. Measurement Results for the Bend Test

The flexing REWOD test produced a maximum peak-
to-peak voltage of 73 mV and a maximum peak-to-peak
current of 83 wA at 5-Hz operating frequency and yielding
6.059 uW of power, which may activate the ultralow-power
bio-wearable chips, which typically only require power in
the nanowatt range [33]. The power density generated in
the flexible electrode bend test is ~25 times higher than
in the case where the flexible electrodes are not subjected
to the bend test. This is due to the fact that the flexing
REWOD test generated a low-resistance value of 1 k<2 at 5 Hz,
which is lower than the 7-k2 measured resistance in the
case of the planar, non-bending planar REWOD structure.
In addition, a 650-nF capacitance measured in the flexing
REWOD test, which is ~78 times higher than the 8.3-nF
capacitance measured in the non-bending REWOD setup and
is primarily responsible for the generation of higher current for
the bend-test case that resulted in a higher power generation
owing to the relationship, P = V x I, where V =1 x Z.
In addition, the distance between electrodes in the flexing
REWOD test is approximately ranging from 0.5 to 1 mm,
which is relatively four times smaller when compared with
the conventional REWOD setup case, which has the electrodes
distances ranging from 2 to 4 mm. This resulted in the more
surface area in contact with the electrode and electrolyte
in the bending experiment, as the electrolyte is enclosed
within the top and bottom electrodes, which is also potentially
responsible for the higher capacitance generation and, as a
result, more current and, in turn, more power generation.
The capacitance between electrodes is expected to increase,
as the distance between them decreases, and this notion is
satisfied by the corresponding R and C measurements. These
aforementioned factors have justified higher power density
generation in the flexing REWOD case.

The current generated out of the flexible bend test is nearly
260 times more when compared with the current generated out
of the conventional REWOD setup where the samples are not
bent. The high-current value generated in the bend-test case
is responsible for the increased power generation in the bend-
test case. At the 5-Hz frequency of operation, the time-domain
voltage plot is presented in Fig. 9(a), and the time-domain
current plot is presented in Fig. 9(b). The capacitance vari-
ation for the three considered bend-test trials is shown in
Fig. 9(c), and Fig. 9(d) shows the measured resistance versus
frequency plots for the aforementioned trials. It is observed
that the magnitude of the resistance measured in the bend-test
trials is less than the resistance values generated utilizing the
non-bending REWOD setup. In contrast to the resistance trend,
the capacitance is observed to be higher in the case of the bend
test. This is due to the fact that the distance between electrodes
is much less in the case of the bend test when compared with
the non-bending REWOQOD test.

This work is compared with similar prior works considering
the parameters, such as energy harvester type, the maximum
frequency of operation, bias voltage, and the amount of
generated power density (uW/cm?), as shown in Table L
The frequency of operation of the proposed flexible REWOD
energy-harvesting system is from 1 to 5 Hz. Even though
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TABLE |
COMPARISON AMONG PRIOR WORKS

Research works Harvester type Single-droplet’s No. of droplets Frequency [Hz] Power-density Bias-voltage [V]
volume (uL) [uW/em?]
Adhikari et al. [1] REWOD 50 1 5 3.18 No bias voltage
Krupenkin et al. [4] | REWOD 50 150 2 10,000 60
Yang et al. [6] REWOD 50 1 3 10,960 24
Hsu et al. [32] REWOD 100 16 300 10,000 4.5
Adhikari et al. [36] REWOD 50 1 5 0.075 No bias voltage
Huynh et al. [37] REWOD 20 1 6 0.096 1.2
This work REWOD 50 1 5 *0.002 and **0.050 | No bias voltage

*Planar REWOD setup. **Flexible REWOD setup.

—Trial 1 ===Trial2 = - =Trial 3
| = Trial1
=== Trial 2
so04 — — Trial 3

Time (s)

(a)

« + « Trial 1
—— Trial 2
o= =Trial 3

- = Trial1
8009 Trial 2 144
= +Trial 3

o

Resistance (kQ)

Frequency (Hz)

(c) (d)

Frequency (Hz)

Fig. 9. Flexible REWOD bend-test results at 5-Hz frequency of
modulation for three trials. (a) Time-domain voltage plots. (b) Time-
domain current plots. (c) Capacitance comparison for the considered
three trials. (d) Measured resistance comparison of the considered three
trials.

Yang et al. [6] and Krupenkin and Taylor [4] have demon-
strated ultrahigh-power density generated out of their energy-
harvesting system, wherein a relatively high bias voltage
has been used in prior works that helped to achieve the
ultrahigh-power density. In [1], rigid rough electrodes were
utilized in the REWOD energy-harvesting procedure, even
though a power density of 3.18 («W/cm?) is demonstrated; the
drawback here is that, in reality, due to structural limitations
of the rigid electrodes, they are not suitable to scale up the
research further for the implementation of human-locomotion-
based energy harvesting. It is essential to utilize flexible elec-
trodes to give scope for future research on bias-free REWOD
energy harvesting. The polydimethylsiloxane (PDMS) sub-
strate demonstrated in the prior work [36] is observed to
be flexible but not thermally stable when compared with
the polyimide substrate utilized in this work. In addition,
the PDMS substrate utilized earlier resulted in slight coating
inconstancy with the EBPVD procedure.

Huynh et al. [37] have used a bias voltage of 1.2 V to
generate a power density value of 0.096 W/cm?. Whereas
in our work, without using any bias voltage, utilizing a 0.33
cm? of electrode—electrolyte interface area, a power density
value of 0.002 W/cm? is generated for the REWOD system
with 5-Hz frequency and 2-mm displacement. The flexing
REWOD test with flexible electrodes having a 60° of bend
angle has generated 73 mV of voltage and 83 A, resulting
in 6.059 uW of power, which is a relatively high amount
without the utilization of bias voltage. With ~1.2 cm? of
electrode—electrolyte interface area, the power density value is
estimated to be 0.05 W/cm?. In our prior work [36], PDMS
flexible substrate is utilized, and the metal and metal-oxide
coating procedure involved EBPVD. Whereas in this work,
a polyimide flexible substrate (Kapton) is utilized with the
EBPVD procedure. Also, with the visual inspection utilizing a
trinocular stereo microscope (AmScope 1140), it is observed
that the coating on the polyimide substrate is more consis-
tent when compared with the 3-D-printed carbon-nanotube
composite-based PDMS in [36]. It is also understood that
the polyimide is preferable over the PDMS, as polyimide is
more thermally stable at typical high temperatures (> 200 °C)
that involve the EBPVD deposition procedure. In addition,
the REWOD harvesters were not flexed; rather, they were
only tested in a planar configuration. Also, [36] involved
an additional step of additive manufacturing-based 3-D ink
printing, whereas, in this work, this procedure is not involved
making the whole process simple and time-efficient.

The REWOD measurement setup does not involve any
electrical circuitry that is directly connected to data acquisition
probes. The measured ac voltage and ac current data are corre-
sponding to the electrolyte impingement mechanism to which
no additional bias circuitry is connected. Also, the Keithley
Series-2400 Measure Unit (SMU) offers four-quadrant preci-
sion voltage and current measurements and has noise filters
within to provide low noise and high precision, and this could
be the reason that no significant electrical noises were detected
in the measurement results, as shown in Figs. 7(b), 8(b), and
9(a), and 9(b).

V. CONCLUSION
In this study, two dissimilar electrodes are used to
accomplish REWOD-based energy harvesting. The flexible
electrodes-based REWOD energy harvesting is implemented,
and the voltage and current values generated using these
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flexible electrodes suggested that there is a great scope for
energy harvesting based on flexible electrodes. The proposed
flexing REWOD test measurement with electrolyte encapsu-
lated between both electrodes resulted in 0.05 pW/cm? of
power density, which is &25 times higher than the value
generated by modulating the REWOD without bending it.
These experiments demonstrated that the flexible REWOD
electrodes will be, in the future, capable to contribute to
human-locomotion-based energy harvesting independent of
additional bias voltage. In summary, the work presented in
this article is an initial milestone for the characterization
of the arrays of REWOD. For the preliminary demonstra-
tion purpose, we have evaluated a single flexing REWOD
sample. As a future work, we plan to develop an array of
electrolyte-enclosed structures that will involve multiple drops
of electrolytes, which would increase the electrolyte—electrode
interfacial area, and thus more capacitance is expected at the
electrolyte—electrode interface. As a result, increased voltage
and current values are expected to be generated for higher
energy output and conversion efficiency.
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