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A B S T R A C T

Using a switch is an effective strategy for managing and improving the output performances of a triboelectric
nanogenerator (TENG). However, the previous switches designed for the TENGs are triggered by external me-
chanical motion or integrated circuits, which increase the complexity and fabrication cost of the TENG. In this
article, a TENG system with a self-powered switch has been established by using an electrostatic vibrator switch,
in which the switch's vibrating is driven by the potential difference of the TENG itself. In a sliding mode TENG,
its output properties can be regulated and improved by the vibrating frequency of the switch, which can be
adjusted by the switch's length. Compared with the same TENG without a switch, its instantaneous output power
and total output energy for a load resistance of 0.1MΩ are increased by 1.8× 107 and 4.7×103 times, re-
spectively. In a rotation disk TENG, its maximized output voltage and output energy can be achieved, as the
switch's vibrating frequency is adjusted to two times the TENG's frequency. Because of the excellent impedance
matching ability of the TENG with a vibrator switch, it can be combined with a transformer to form a power
management system, which is verified to have better powering abilities as charging a capacitor and lighting a
quantum dot light-emitting diode. The self-powered vibrator switch demonstrated here has promising applica-
tions in enhancing TENG's output performances and developing power management circuit.

1. Introduction

With the rapid growth of global energy consumption, developing
new energy harvesting techniques has attracted more and more re-
searchers. In recent years, the triboelectric nanogenerator (TENG) has
emerged as a new technology for converting mechanical energy into
electrical energy [1–4], which is based on contact electrification effect
and electrostatic induction effect. TENG has different working modes,
such as vertical contact-separation mode [5,6], lateral sliding mode
[7,8], single-electrode mode [9,10] and freestanding triboelectric-layer
mode [11–13]. Based on these basic modes, the TENG can harvest
mechanical energy from various mechanical movements of the human
motion and environment, such as human walking [14,15], wheel ro-
tation [16], wind blowing [17,18], rain dropping [19], water flowing
[20], ocean wave [21,22] and so on. In addition, the TENG has been
applied to electrochemical [23], biomedical [24] and self-powered
sensors [25–27]. However, the TENG has a huge impedance, which
leads to the problem of impedance mismatch when powering electronic
products and charging energy storage units. For example, the TENG's
output voltage, output power and output energy are almost reduced to

zero when the external load resistance is lower than 1MΩ [28].
Therefore, how to manage and optimize the TENG's output perfor-
mances is of great importance.

The TENG with a switch has been previously designed and manu-
factured, which has been verified as an effective method to improve the
TENG's electrical output performances [29–36]. For a load resistance of
500Ω, the same TENG's instantaneous peaks of voltage and power are
enhanced 5 and 10 orders in magnitude, respectively, as a switch is
introduced [29]. As the standards and figure-of-merits of the TENG are
established, it was theoretically proved that the output energy of the
TENG can be maximized by using a switch [30]. In recent years, the
switch has been widely used in managing the TENG's output perfor-
mances [31,32], which is verified as a promising strategy for enhancing
the energy storage efficiency into a capacitor or a battery [33,34].
However, at present, the operation of the TENG's switch is controlled by
externally triggering, such as mechanical triggering [29,31–33] and
circuit triggering [34–36]. In these cases, the switch is necessary to
match the movement and electrical properties of the TENG, therefore,
the structure and parameters of the switch has to be elaborately de-
signed, which increases the complexity and fabrication cost of the
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TENG system.
In this paper, an electrostatic vibrator switch was introduced to

fabricate a TENG system with a self-powered switch. During the op-
eration process, the voltage generated by the TENG can drive the vi-
brating of the vibrator switch, thereby the periodic electrical output is
generated when the switch is closed. As using this switch in a sliding
mode TENG, the electrical output performance of the TENG can be
regulated by changing the vibrating frequency of the vibrator switch. As
using this switch in a rotation disk TENG, the optimal output perfor-
mances can be achieved. Meanwhile, the TENG with a vibrator switch
can be combined with a transformer to form a power management
system, which is verified to have better powering abilities as charging a
capacitor and lighting a quantum dot light-emitting diode (QLED).

2. Results and discussions

The structure of the TENG with an electrostatic vibrator switch
(TENG-EVS) is shown in Fig. 1a. A sliding mode TENG is used here to
show the working mechanism and performances of the TENG-EVS. For
fabricating the sliding mode TENG, a polymethyl methacrylate (PMMA)
sheet is used as the substrate, and two pieces of Cu films with a
thickness of 60 µm are adhered to the PMMA substrate, which are acted
as the left and right electrodes of the sliding TENG. A polytetra-
fluoroethylene (PTFE) film is adhered to another PMMA substrate as
the triboelectric layer. In order to increase the triboelectric charge
density of the PTFE film, the nanostructures are fabricated on surface of
the PTFE film by a reactive ion etching (RIE) process. Fig. 1b shows an
atomic force microscope (AFM) image of the etched PTFE film. After
RIE etching, the nanostructures with an average diameter of 118 nm are

generated on the surface, and the roughness of PTFE film increases from
28.3 to 44.4 nm, which can increase the contact area and improve the
performance of a TENG. The electrostatic vibrator switch consists of a
Cu wire and a Cu plate, which are acted as an elastic vibrator and a
contact pad, respectively. The Cu wire and the Cu plate are connected
to the left and right electrodes of the TENG, respectively, and two
micro-manipulation stages are used to precisely adjust the distance
between them. In the experiment, the distance between the elastic vi-
brator and the contact plate is 0.3 mm.

The working mechanism of the TENG-EVS is shown in Fig. 1c. In
principle, the self-powered electrostatic vibrator switch is suitable for
various modes TENG. For simplicity, we choose a sliding mode TENG to
demonstrate the working mechanism of the TENG-EVS. According to
the triboelectric series [37], the surface of the PTFE film produces ne-
gative triboelectric charges as it is contacted with the Cu electrodes. In
the initial state (Fig. 1c-I), the PTFE film overlaps with the left Cu
electrode, and positive charges are induced on the left Cu electrode to
achieve electrostatic equilibrium. At this state, the potential difference
between the two Cu electrodes is zero, no electric field is generated
around the vibrator's tip, and no electrostatic attraction force is applied
to the vibrator. Therefore, the distance between the vibrator and the
contact plate is still 0.3 mm, and the switch is opened. When the PTFE
film slides rightward (Fig. 1c-II), the negative triboelectric charges in
the PTFE film are laterally separated with the positive charges in the
left Cu electrodes, which causes the potential difference between the
two Cu electrodes. As a result, an electric field distribution is generated
around the vibrator's tip, and an electrostatic attraction force is applied
to the elastic vibrator, which drives the elastic vibrator move close to
the contact plate. However, before the elastic vibrator is completely

Fig. 1. (a) The structure diagram of the TENG-EVS. (b) The AFM image of the RIE etched PTFE film surface. (c) The diagram of the TENG-EVS's working mechanism.
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