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Abstract
Microfluidic devices with flexible and energy harvesting
platforms have a strong influence on wearable electronics and
self- powered sensors. This paper reports a liquid metal-based
single electrode triboelectric generator (SETEG) for energy
harvesting and self-powered fluidic sensor applications. The
SETEG is made on the PDMS substrate by injecting liquid metal
Galinstan into the micro channels. Here, two electrodes are placed
parallel to each other, forming a channel for liquid flow between
them. When the liquid flow between the electrodes, an alternating
(AC) power is generated due to the conjunction of
triboelectrification and electrostatic induction. We fabricated
SETEG in three different sizes and demonstrate its applicability
for wide range of power generation. The device is also tested for
self-powered sensor applications by monitoring the viscosity of
aqueous sugar solution. We believe that the SETEG could provide
a benchmark for flexible energy harvesting and self-powered
sensor applications.

performance triboelectric nanogenerator [2], liquid-metal based
triboelectric nanogenerator for streatchable electronics [3].
However, the energy harvesting mechanism of most of the
reported liquid metal-based TNEGs are based on movement and
contact of physical electrodes limits their potential applications in
flexible electronics, portable energy harvesting devices and bulk
power generators
In this work, we report a SETEG for energy harvesting and
self-powered fluidic sensor applications. The flexible SETEG is
designed based on single electrode model and fabricated by
injecting Galinstan into the PDMS microchannel. When the liquid
flow between the electrodes, an alternating (AC) power is
generated due to the conjunction of triboelectrification and
electrostatic induction. The power generated by the SETEG
makes the device a strong candidate for self-powered sensor
applications.
2. Methods and Materials
2.1 Working principle

(a)
A

Keywords: Triboelectric generator, Energy harvesting, Flexible
electrode, Galinstan, self- powered sensors.
1. Introduction
With the rapid increase in development of microfluidic device
as portable electronics and wireless sensor networks, they found
their efficient use in day to today applications such as, personal
health care, flexible electronics and house hold applications.
However, the advance in microfluidic devices put forward severe
challenges on the traditional power sources. Since the
introduction of microfluidic devices, various energy harvesting
technologies have been proposed that rely on electromagnetic,
piezoelectric, and electrostatic induction mechanisms. Recently,
triboelectric nanogenerators (TENGs) is achieving a rapid
progress in energy harvest technologies. TENGs
convert
mechanical energy into electricity based on the conjunction
triboelectrification and electrostatic induction. TENGs integrated
into microfluidic devices have become promising candidate for
energy harvesting and self-powered sensor applications due to
their simple fabrication process and expected size.
Until now, various liquid metal-based TNEGs have been
reported, including liquid-metal based triboelectric nanogenerator
for wearable electronics [1], liquid metal-based electrode for high
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Fig.1 shows the working principle of the triboelectric generator
Fig.1 shows the energy transduction mechanism of the SETEG.
Initially, due to the large difference in triboelectric polarity,
PDMS attracts electrons from the ionic liquid. These negative

2.2 Fabrication of energy harvesting microfluidic device
(a)
Bottom electrode
Top electrode
Middle channel

(b) PDMS
Final device

Galinstan
electrode

Outer PDMS
Galinstan (40µm)
Inner PDMS (200µm)
Liquid
inlet
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Fig. 2. (a) Schematic of fabrication of the SETEG (b) image of
the fabricated device.
The fabrication process of SETEG is shown in the Fig. 2(a).
The proposed microfluidic device has three layers (Top electrode,
Middle channel, Bottom electrode) made of PDMS substrate After
the fabrication, they are bonded together using oxygen plasma
treatment. Next, Galinstan is injected via input hole to form the
capacitor plates on the PDMS substrate. Finally, the inlet and
outlet holes are closed. Fig. 2(b) shows the image of fabricated
device.
2.3. Results

(a)

(b)

2.2

1.20

Sugar concentration vs Voltage
2.1

1.15

Viscosity (mPa.s)

Voltage (V)

triboelectric charges on the PDMS induce positive charges on the
Galinstan electrode from the ground as induced charges. Once the
ionic liquid approaches the Galinstan electrode, the positive
triboelectric charges in the ionic liquid will drive electrons to flow
from the ground to the Galinstan electrode, as shown in Fig.1(a).
When the liquid is aligned with the electrode, the negative
charges reach the maximum quantity on the Galinstan electrode,
as shown in Fig.1(b) III. As the liquid starts to move away from
the electrode, the induced electrons will flow back to the ground,
as shown in Fig.1(c). Finally, the device will return to its original
state in Fig. 1(d) as the liquid move away from the electrode.
Consequently, as the ionic liquid passes through, an alternating
flow of electrons occurs between the Galinstan electrode and the
ground, which is the electric signal for indicating the approaching
and leaving of the liquid to/from the electrode.
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Fig. 4 a) Voltage variation with different concentration of aqueous
sugar solution (b) comparison of the experimental result with the
reference.
To characterize the performance of SETEG, an experimental
setup with microfluidic device, syringe, syringe pump, preamplifier, oscilloscope, inlet and outlet tube was made. Then the
liquid is passed between the electrodes and the corresponding
voltage and current was measured as shown in the Fig.3. The
device is also tested for self-powered sensor applications by
monitoring the viscosity of aqueous sugar solution (2 to 10 grams
of sugar in DI water). The corresponding result is shown in Fig.
4(a) and compared with the reference in Fig. 4(b).
3. Conclusion
Here, we reported SETEG for energy harvesting and self-powered
fluidic sensor applications. The flexible SETEG was designed
based on single electrode model and fabricated by injecting
Galinstan into the PDMS microchannel. When the liquid flow
between the electrodes, an alternating (AC) power is generated
due to the conjunction of triboelectrification and electrostatic
induction. The power generated by the SETEG was used to
demonstrate the self-powered fluidic sensor applications.
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Fig. 3 a) Rise in voltage generated by the device b) peak voltage
c) rise in current generated by device d) peak current.

