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Abstract—In this paper, a shock detector is introduced us-
ing a micro-scale triboelectric generator and an electrostatic
MEMS switch. The fabrication of a micro-scale tribo-electric-
nano generator is carried out using MEMS technology for the
first time. The fabrication technique enabled reducing the size by
85% compared to a prior work. The generator has aluminum-
polyimide on the bottom layer, a gap, and a top layer of Al
and amorphous silicon (a-Si). The generator produces 0.4 V
pulses as a response to impulse excitation, the produced voltage
is used to trigger switch closure by adding it to a DC voltage
that is enough to bend the beam down but not enough to close it.
The combination of MEMS-triboelectric generator and MEMS
electrostatic actuators is ideal because both are fabricated with
CMOS technology and can be integrated on the same chip. The
proposed system enables creating event-powered micro-switches.

Index Terms—TENG, Tribo-electric-nano-generator, MEMS,
shock sensing, actuators, self-powered, polyimide.

I. INTRODUCTION

Nowadays, the focus of research on energy harvesting is
rapidly increasing because of the increasing demand resulted
from the increased number of sensors and actuators world-
wide. In the of Internet of Things (IoT), billions of wireless
sensors and actuators are interconnected to create a network.
The aim of energy harvesting research is to find the best
mechanism to maximize the energy and minimize the impact
on the environment. [1]
While many energy harvesting mechanisms have been invented
to harvest mechanical energy, the most studied are electromag-
netic harvesters [2], piezo-electric energy harvesters (PEHs)
[3]–[5], the triboelectric energy harvesters (TEHs) [6]–[10],
and hybrid harvesters [11]–[14]. The energy harvesters were
introduced into various applications including traffic safety [3],
motion energy [2], [6], [13], vibration measurement [4], and
water energy harvesting [5], [14].
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Compared to other types of generators, the triboelectric gener-
ators have great advantages because of the simple fabrication
process, their low-cost, and their integrability into systems [9].
TENGs have many operating modes; single-electrode mode
[11], [13], sliding mode [14], rotary mode [9], and contact-
separation mode [6]–[8], [10]. All the working modes of the
TENGs rely on the electrification of a triboelectric pair, this
pair is made of two conductive electrodes and a dielectric
material. There is a large selection of dielectric materials,
the most commonly studied dielectric material are polyte-
trafluoroethylene (PTFE) [6]–[8], [10], polydimethylsiloxane
(PDMS) [13], and polyimide [12]. Other less studied dielec-
tric materials include ionic hydrogel [15], [16], polymethyl
methacrylate (PMMA) [17], Nylon [18], and paper [19].
When dielectric materials come in contact with a conductive
material, they get oppositely charged. Then, when the contact
is lost between the conductive and dielectric material, charge
distribution create potential difference between two conduc-
tors.
The TENGs are included in many self-powered devices studies
where they are used for sensing and actuation. For instance;
Yao et. al used contact-separation TENG to harvest energy
from walking to power a attached tracking device [10], Yeh
et. al used TENG to power waste collecting device in the ocean
[9], and we used a contact-separation bi-stable mechanism to
create autonomous shock sensor in macro-scale [20].
In 2019, Hamid et al. [21], [22] used UV-LIGA technology
to fabricate a triboelectric generator that had a smaller size
compared to the previous designs. The top electrode of their
design was rectangular-shaped and its dimensions were 3 mm
× 5 mm × 10 µm with a triboelectric pair of Polydimethyl-
siloxane (PDMS) and aluminum (Al). In this work, we will
demonstrate the fabrication of a contact-separation mode tribo-
electric generator in micro-scale fabricated with Micro-electro-
mecahnical-systems (MEMS) technology, which reduced the
area by 85% (square top-electrode is 1.5mm ×1.5mm×1µm).
The triboelectric pair of polyimide (PI) and Al is compatible



with the MEMS technology and enabled miniaturization of
the device. Furthermore, we will show how this mico-scale
generator is utilized as a shock detector by actuating a MEMS
switch under the effect of a mechanical shock.

II. FABRICATION

Contact-separation mode triboelectric generators are made
of a triboelectric material on a conductive plate and another
conductive layer separated by a gap. In this work, the contact-
separation MEMS-triboelectric generator was made of a bot-
tom electrode of Al/PI and a top electrode of Al/a-Si, Al serves
as the two conductive electrodes, PI forms triboelectric pair
with the bottom Al electrode, and a-Si serves as a mass on top
of the upper Al electrode to increase kinetic energy harvesting.
The fabrication process is shown in Fig.1, we start with a
4-inch Si wafer with an insulating film of aluminum nitride
(AlN) that separates the device from the silicon wafer, a DC
sputtering (s) film of chromium and aluminum (Cr/Al) was
deposited on the AlN layer, (a). This layer was patterned by
inductive conductive plasma machine (ICP) to form the bottom
electrode, (b). Then, 5 µm thick PI was coated on top of the
Cr/Al layer by spin-coating PI precursor and oven-baking it
in PI-oven, (c). Then, the PI was patterned using reactive ion
etching machine (RIE), (d). After the PI was patterned, 2 µm
silicon oxide was deposited on PI to form the gap with plasma
enhanced chemical vapor deposition (PECVD), (e). The oxide
layer was patterned to form anchors ,(f), and pins, (g), with
RIE. The pins are created by etching 1 µm holes into the oxide
layer on top. To form top electrode conductive layer, 120 nm
s-film of Cr/Al was deposited on top, (h). Then, the Cr/Al layer
was etched to form the top electrode with ICP, (i). PECVD
film of a-Si was deposited on top, (j). Recipe used for (j) was
chosen to get tensile film stress to avoid breaking when the
oxide is removed. a-Si was etched to open contact-pads using
RIE, (k). Then, both Cr/Al and a-Si layers were etched again
using RIE and ICP to create release holes, (l). These release
holes increase the area exposed to vapor hydro-fluoride acid
used for oxide removal, (m). To test the generator, a MEMS

Fig. 1. Fabrication process of the MEMS-triboelectric generator.

electrostatic actuator was used [20], this actuator was made
by PolyMUMPs from MEMSCAP. The actuator was used as a

Fig. 2. (a) 3D schematic of the MEMS-triboelectric generator, (b) image of
the fabricated MEMS-triboelectric generator.

parallel-plate MEMS switch with moving electrode that is 500
µm ×20µm ×2µm, the actuator also has two side electrodes
that cause the beam to move up when voltage is applied to
them, this enables beam release if it got pulled-in.
A 3D schematic and an optical image of the fabricated
device are shown in Fig. 2. The dimensions of the MEMS-
triboelectric generator design are summarized in Table. I.

Description Symbol Design Value Material
Top electrode length L 1.5mm

Bottom conductive thickness tBE 200 nm Cr/Al
Tribo-layer thickness tT 5 µm PI

Separation gap d 2 µm SiO2

Top conductive thickness tTE 100 nm Cr/Al
Proof mass thickness tPM 1 µm a-Si

Switch Length l 500 µm
Switch width w 20 µm

Switch thickness b 2 µm
TABLE I

DESIGN DIMENSIONS OF THE MEMS-TRIBOELECTRIC GENERATOR.

The advantages of our design are; the gap fabricated in using
silicon oxide which is easy to etch out, the top electrode was
only 1 µm in thickness, and the fabrication was conducted in
nano-fabrication facility which makes the generator compati-
ble with MEMS technology.

III. TESTING SETUP

For testing the fabricated MEMS-triboelectric generator,
the generator is fixed on top of the stage of an electro-
dynamic shaker (BK 4810) driven by a power amplifier
(Krohn-Hite 7600). A USB data acquisition system (DAQ) was
used to apply inputs to the amplifier and a summer circuit.
The summer circuit inputs are connected to the DAQ and
the MEMS-triboelectric generator and the output was fed to
the MEMS-switch. A laser-doppler vibrometer (MSA500) is
used to measure the displacement of the switch where the
measurement signal is received by the DAQ. The test setup
schematic is shown in Fig. 3.

IV. RESULTS AND ANALYSIS

The fabricated generator was tested with impulse excitation
from the shaker, the open-circuit measurement for an impulse
of 0.5V is shown in Fig. 4. We notice that the output voltage



Fig. 3. Experimental setup schematic.

from the MEMS-triboelectric generator has a peak around 0.4
V and decays 0.4 msec. As reported in [23], the pull-in voltage
of the MEMS switch we used for this experiment was 2.25 V .
A summer circuit is used to add a bias voltage to the generated
voltage to keep the MEMS switch close to its pull-in threshold.
In theory, an additional 1.85 V is needed to cause the pull-
in. When applying the bias voltage, the MEMS switch bends
down electrostatically but does not collapse unless enough
bias voltage (pull-in voltage) is applied. However, when the
experiment was conducted with bias voltage less than 2.24
V , the switch does not close because the fast decay of the
generated voltage causes the beam response to revert back.
Because of the dynamic behavior of the generated voltage,
a static bias DC voltage of was added to the pulse produced
from the MEMS-triboelectric generator. DC voltage of 2.24 V
was required to close the switch as a response to the impulse
excitation. Fig. 5 shows the impulse excitation result when
the switch is pulled-in and when it reverted back to initial
displacement.

Fig. 4. Time history of impulse excitation and MEMS-triboelectric generator
generated voltage.

The DC voltage to the MEMS switch provides tunability.
By setting the DC voltage to proper value, the amplitude
that causes the switch to close can be adjusted. We notice

Fig. 5. (a) Time history of impulse applied to the shaker, (b) summer-circuit
output, and (c) switch displacement. Part (c) shows that the DC voltage makes
switch tunable to the shock it receives.

that motion resulted from the same generated voltage increase
when VDC is increased, this happens because the beam be-
comes more prone to shocks. As the plates get closer, the
nonlinear electrostatic force increases. When 2 V s is applied,
the impulse causes the beam to move down for 200 nm,
increasing the voltage to 2.24 V , the same impulse induces
400 nm motion and causes the beam to get pulled-in. In
Fig. 5, switch displacement is set to reference value (0) to
compare beam response at different VDCs and to minimize
measurement errors of displacement drifting from phase-shift
based doppler measurement. Even though the system requires
bias voltage to cause switch to close, the electrostatic actuators
do not require current and, thus, require low-power to operate.

V. CONCLUSION

We presented a shock detection system that is made by a
contact-separation triboelectric generator fabricated in micro-
scale and an electrostatic MEMS actuator. The fabrication
process of the triboelectric generator is conducted in a nano-
fabrication facility using CMOS compatible process. The
mechanical energy of a shock iss harvested by the MEMS-
triboelectric generator and it is used to close the parallel-plate
electrostatic actuator. The reported generator has a 1.5 mm ×
1.5 mm × 1 µm top electrode, this generator is the smallest
reported generator and it has a triboelectric pair of aluminum
and polyimide which makes it compatible with MEMS fabri-
cation process and integration of several components on the
same chip. The generator can be employed to drive event-
powered sensors that has low-power requirement.
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