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Energy harvesting refers to converting ambient energy from our surroundings, which would

be otherwise wasted, into useful electrical energy. A triboelectric energy harvester is a

self-charged device for harnessing mechanical energy based on a coupled process of contact

charging and electrostatic induction. In this research, we demonstrate simple fabrication of

prototype triboelectric energy harvester using soft lithography and its electrical charac-

terization. Triboelectric generation occurs between the two micro patterned layers of Au and

PDMS. A micro pattern is simply replicated directly from the bottom layer to the top layer

using soft-lithography without an extra transfer process. This generator can produce an output

voltage of 2 V and output current of 20 nA.
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I. Introduction

Energy harvesting devices have been studied for a
decade for self—powered systems which can be ap—
plied on wireless sensor network, implanted bio—
medical applications, and portable electric devices
[1,2]. Self—powered systems using various energy
harvesting methods are developed in order to replace
batteries or to make a hybrid charging system, Ba-—
tteries have major drawbacks including its size and
life expectancy, and they also pose environmental
issues, As an alternative to battery, energy harvest—
ing came up as a solution, The idea of harnessing en—
ergy from our environment is based on the sustain—

able, semi—permanent, maintenance—free, and eco—
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friendly living, Also, unlike batteries, an energy har—
vester does not require much space to store energy.
Therefore, energy harvesting provides a better source
of power for small, portable, and wireless devices,
Among various ways of harvesting energy from our
surroundings [3], such as piezoelectricity, thermo—
electricity, and pyroelectricity, we have chosen tri—
boelectricity due to its potential to be miniaturized,
cost effective, and efficient [4,5], A triboelectric ef—
fect occurs as two different materials with different
polarities of charge separation come into contact
through friction [6,7], The materials are separated to
become electrically charged, and thus electric poten—
tial difference is achieved [8—10]. A series of recent

researches have shown promising results indicating
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that the triboelectric energy harvester is simple and
cost effective, But some challenges such as the opti—
mization of materials and the development of simpler
fabrication processes still remained,

In this research, we fabricated triboelectric nano—
generators using Al and PDMS through a simple
process using soft—lithography [11,12], and measured

the output results of each harvester,

II. Experiments

Triboelectric energy harvester can generate elec—
trical energy using the difference of electronegativity
between two materials, Al and PDMS are used for the
interficial layer between the bottom and the top elec—
trode to produce triboelectric effect and Kapton films
are used as substrates to provide flexibility, At the
interfacial region, the Al layer and the PDMS layer
have micro—roughness due to micro pillar arrays,
These micro—patterns concentrate charges which are
made by triboelectric effects and also increase total
area of the contact region, The spacer makes a gap
between two layers, A schematic image of the fab—

rication process of the energy harvester is shown in

the Fig. 1. The fabrication process can be divided
mainly into two steps for making a bottom and a top

layer,

1. Bottom layer

A bottom layer is made of Al electrode on a 125 um
thick Kapton film, First, we need to make micro pat—
terns using negative photo—resist (PR) mr—DWL-5
(Micro resist technology) and mask—less lithography
system (Ez litho), Mask—less system is capable of ex—
posing UV light with the wavelength of 405 nm on the
PR at the resolution of 1 xm directly from a CAD file
without using a mask, The thickness of PR is 6 #m
and the width and the pitch of square patterns are 10
pm and 20 um, respectively, These 10 #m micro—pat—
terns are designed improve electrical output in com—
parison with the flat surface, 10 #m size patterns are
more durable and are easier to replicate on PDMS
compared to smaller—sized micro patterns while pro—
viding comparable electrical performances [5], We
deposited a metal layer on patterned PR with 100 nm
thick Al, The Al electrode layers were deposited by
DC—Sputtering (SNTEK) at 300 W, 3 mTorr with 30

sccm of Ar flow, The morphology of Al coated micro

Figure 1. A schematic image of the fabrication processes of the triboelectric energy harvester, (a) PR micro pat-—
terning on a Kapton film using a maskless lithography tool, (b) Al deposition, (c) PDMS spin coating,
(d) attaching the top layer on the PDMS and thermal curing, and (e) peeling off the PDMS from the bottom
layer and attaching a spacer on the bottom layer. (f) An image of the negatively patterned PDMS.
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Figure 2. A SEM image of the surface of the bottom
layer of Al coated PR patterns,

square array pattern is shown in Fig, 2.

2. Top layer

For making top layer, we deposited 80 nm thick Pt
layer on the pre—cleaned Kapton film using DC-—
sputter tool using the same condition described
previously,

PDMS (Sylgard 184, Dow corning) was spin coated
with 1,000 rpm on the top surface of the bottom layer,
after de—gassing in a vacuum desiccator for 30 min,
The thickness of PDMS layer is around 100 nm, We
attached the bottom of the top layer on PDMS gently,
before it is cured, Then, PDMS is thermally cured at
85°C for 2 hour in a Box furnace (DaeHeung). After
peeling off the PDMS from the bottom layer, we can
achieve the negatively replicated micro structure of
square pillar arrays on the bottom—facing portion of
the top layer, The morphology of the negative pat—
terns fabricated on PDMS is shown in Fig, 3.

Spacer is made up of several layers of Kapton tapes
to allow the top and bottom layers to spring back to
original position after contact, The total gap between

bottom and top layer is 700 um,
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Figure 3. A SEM image of the negative pattern made
of PDMS on the surface of the top layer.

3. Characterization

The output voltage and current are measured by a
pico ammeter (Keithley 6485) and a nano voltmater
(Keithley 2182), respectively. The morphologies of the
square pattern on the bottom layer and its negative
pattern on the top layer are characterized by a
high—resolution scanning electron microscope (JEOL,

JSM~7100F).

ITI. Results and Discussions

Al metal layer is coated on the top surface of the
bottom layer and PDMS layer is attached on the bot—
tom surface of the top layer, For triboelectric series
of materials discussed elsewhere [13], Al is easier to
lose their electrons than PDMS, When the two layers
are brought into contact with each other by the ex—
ternal pressure such as mechanical compression, a
small relative sliding between the PDMS and Al leads
to the friction, Then, the micro—roughness from
square pillar arrays generates the separate electro—
static charges of opposite signs on each side of the

top and the bottom layers, In our case, the Al metal
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layer on micro pillar arrays gets positively charged
while PDMS layer gets negatively charged, so that
they form a triboelectric potential layer [4],

Top and bottom sides of the triboelectric energy
harvester are made up of the flexible substrate, a
polyimide film to provide flexibility and robustness
with a total thickness under 1 mm, The device is suf—
ficiently flexible to be applied on human motion such
as, walking, finger typing, and upper limb [1],

The size of the energy harvester is 1,02X0,77 cm,
In order to measure the electrical performance of the

energy harvester, we applied a pressure using finger
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Figure 4. The output currents of triboelectric energy
harvester which has the maximum currents
of ~=+ 20 nA and the current density of 26
nA/cm’ in each case of (a) a forward short—
circuit connection and (b) a backward short—
circuit connection.
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typing [14], As shown in Fig. 4, the output current is
measured up to 20 nA, We performed a switching po—
larity test while checking the current, The magni—
tudes of measured output current from forward and
backward connections are the same with opposite
signs, From the results of the switching polarity test,
we can ensure the electric potential comes from the
triboelectric generation, not from either noise or ap—
plied electric potential, The output voltage is up to 2
V as shown in Fig, 5.

In this work, we reduce the number of process
steps for the cost effective fabrication using soft
lithography that can potentially be applied to
roll—to—roll (R2R) tools for low cost and continuous
processing, Triboelectric effect are uniformly dis—
tributed and amplified by micro patterns formed on
the bottom and top layers of the energy harvester,
These micro patterns are the key components of the
triboelectric generator, We replicated micro patterns
directly from bottom layer to top layer with a single

step using soft—lithography.

IV. Conclusion

We demonstrate a simple and cost effective fab—
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Figure 5. The output voltage of triboelectric energy
harvester which has the maximum open—cir—
cuit voltage of ~2 V,
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rication of a triboelectric nanogenerator which can
generate electric energy from the surrounding me—
chanical vibrations, We replicate micro patterns di—
rectly from bottom layer to top layer by soft—lithog—
raphy using PDMS and reduce the process steps to
make micro patterns on the bottom and the top layer,
This method can further be applied onto the R2R
process directly, Patterned square pillar arrays can
easily be replicated on flexible substrates with UV—
curing resin using roll-to—roll UV micro—imprinting
using PDMS stamp made by soft—lithography.

The electrical performance of energy harvesters
proves the basic concept and can further be improved
using surface structures of nano—roughness [15] and
multi stacking the energy harvesters [16], Since the
soft lithography and roll—to—roll imprinting are ca—
pable of providing required resolution in nanoscale,
we believe that the fabrication concept used herein
can be used to improve the electrical output further,
We expect that the development of cost effective fab—
rication method for triboelectric energy harvester can
open up a new market for self—sustainable electro—
nics, The triboelectric energy harvester can be ap—
plied to various applications such as a self—powered
active sensor [17], a mobile device, and a low power

reflective display, just to name a few,
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