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Single electrode mode triboelectric nanogenerator for recognition of animal sounds
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1. Introduction

TENG is a device that converts mechanical energy into electrical
energy through the triboelectric effect, which occurs when two materials
come into contact and then separate, generating an electric charge
[1,2]. This innovative technology harnesses everyday mechanical
movements, such as walking, vibration, or even wind, and transforms
them into usable electrical energy. TENGs are built from simple, cost-
effective materials, making them a promising alternative to traditional
energy sources for sustainable power generation [3-6]. The principle
behind TENGs is based on the combination of triboelectrification and
electrostatic induction [7,8]. When two dissimilar materials are rubbed or
pressed together, they exchange electrons, creating an imbalance of
charge. Once separated, this charge difference can be captured and used
as electrical energy. TENGsS are highly versatile and can be designed
in various forms to suit different applications, including wearable
electronics, environmental sensors, and small-scale energy storage
systems [9-12]. One key advantage of TENGs is their ability to operate
efficiently at low frequencies and in a wide range of environments [13].
By capturing ambient mechanical energy, they offer a sustainable
solution for powering portable electronics and contributing to the
broader goal of green energy innovation.

TENGsS operate in four primary working modes: contact-separation,
lateral sliding, single-electrode, and freestanding triboelectric-layer mode
[14,15]. Each mode utilizes the triboelectric effect and electrostatic
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This research presents an innovative and sustainable solution by designing triboelectric nanogenerators
(TENGS) for energy harvesting. The fabrication process of TENGs includes PDMS and aluminum.
The two single electrode mode TENG was designed one is plain PDMS/ALI and the other is porous
PDMS/AI TENG devices. The porous PDMS/Al TENG device generated a voltage and current of 7 V
and 5 nA for 2 cm x 2 cm device area. Moreover, the TENG system was employed to successfully
charge capacitors, and recognize various animal sounds. This study underscores the promising potential
of harvesting energy from body movements and powering of devices, paving the way for eco-friendly

induction to convert mechanical energy into electrical energy, but
they differ in how the materials interact and generate charge [16,17].
Among these, the single-electrode mode is often considered the
easiest and most practical. It offers a unique blend of simplicity and
efficiency in harvesting energy. Their streamlined design allows for
casier integration into various devices, making them ideal for wearable
technology and compact sensors. Additionally, the grounded electrode
can interact with the environment, allowing for more versatile
applications. This mode is highly suitable for harvesting energy
from irregular human movements, such as walking or hand gestures,
making it ideal for wearable and portable energy solutions. Recently
Behera et al. used EVA: BFO composite for the TENG fabrication and
performed under single electrode mode. The device achieved an output
of 45 V and 800 nA [18]. In another study, Vivekananthan et al.
developed a TENG by PVDF and achieved an output of 50 V and
600 nA respectively [19]. Padhan et al. fabricated a single electrode
TENG using a ferromagnetic composite and achieved a voltage of
62 V and a current of 250 nA. The prepared device is successfully
able to turn on the LEDs and small electronics [20].

TENGs harvest energy from human body movements offering
clean and renewable energy sources by generating power from routine
actions like jogging, walking, or even basic hand movements [21-23].
This energy can be stored and reuse for powering of consumer
electronics without the need for conventional batteries or external
charging [24-26]. Wildlife monitoring can likewise benefit greatly
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from TENG-based equipment. These sensors can follow an animal's
movements and behaviors or even notify humans of changes in the
surrounding environment by listening to sound signals from the animal.
Accurate sound detection helps researchers understand how animals
communicate and warns against poaching and ecological disturbance.
TENG-based acoustic sensors can operate in remote locations and
provide continuous, real-time data [27-30].

In this work, a soft lithographic technique was utilized for fabrication
of porous TENG. Two device performance based on plain PDMS
and porous PDMS alongside Al was being compared. The single
electrode mode operating mode was chosen for easy operation. The
electrical performance was compared for both prepared devices and
further this device was utilized to harvest energy from body movements.
Animal noise detection was carried out to showcase the utilization
of TENG in real time operations.

2. Synthesis and experimental techniques

The PDMS was prepared using mixing of Monomer: hardener
ratio 10:1. The chemical was procured from DOW, USA (slygard 184).
After mixing and obtaining a transparent solution it was casted over
a perti plate. Further, it was placed inside an oven at 60°C for 3 h
to obtained a free standing plain film. For the porous PDMS instead
of Petri plate the solution was casted upon a 200 grit sandpaper which
lead to transfer of micro roughness on one side of PDMS which acted
as negative triboelectric layer. The positive triboelectric layer was
considered as double sided conductive aluminum tape. The device
active area was taken as 2 cm x 2 cm. Using an X-ray diffractometer
(Rigaku Miniflex, Japan), X-ray diffraction (XRD) patterns were
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obtained at room temperature for PDMS in order to study the phase
formation. The micrographs of porous and plain PDMS were examined
using a (FESEM, ZEISS) to obtain energy dispersive X-ray (EDX)
spectra and scanning electron microscopy (SEM) pictures. Using data
from a phase-sensitive meter (PSM 1735 N4L), the dielectric constant
was evaluted. This examination shed light on the electrical properties
of the materials under investigation. The TENG electrical signals
were captured using Keithley Electrometer 6514 and homemade
LabVIEW program. The period force applied to device was done using
a linear motor (LINMOT, USA). The speakers were purchased from
Zebronics, India.

3. Results and discussion

Figure 1(a-b) shows the microstructure and elemental mapping of
the plain PDMS film. The microstructure of plain PDMS is characterized
by a smooth, flexible, and elastomeric surface with a homogeneous
distribution of polymer chains. It exhibits low surface roughness and
lacks significant porosity or crystalline features. This structure makes
PDMS highly suitable for applications requiring flexibility, transparency,
and biocompatibility [31]. The elements such as Si, O, C are present
uniformly over the surface of PDMS without any impurity. Figure 1(c-d)
shows the microstructure and elemental mapping of the porous PDMS
film. Introducing a porous microstructure in PDMS using sandpaper
can significantly enhance the performance of TENGs. The roughened,
porous surface increases the surface area, leading to more contact
points during triboelectric interactions. This results in a higher charge
density and improves the efficiency of charge transfer between

materials.
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Figure 1. (a, b) Micrographs of plain PDMS and corresponding elemental mapping of elements, (c, d) Micrographs of porous PDMS and corresponding elemental
mapping of elements, (¢) XRD spectra of PDMS, and (f) dielectric constant of the plain PDMS and porous PDMS.
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Figure 1(e) shows the XRD pattern of PDMS film. XRD analysis of
PDMS typically shows broad, low-intensity peaks due to its amorphous
nature. In PDMS, a broader peak appears around 260~21° [32]. This
peak indicates short-range structural order, which is characteristic
of amorphous silica. It corresponds to the spacing between silicon
atoms within the PDMS backbone, highlighting the material's partial
structural organization despite its overall amorphous nature. The scan
rate used for XRD is 2°-min~! and the voltage used in SEM is 3 kV.
Figure 1(f) shows the dielectric constant of pure PDMS and porous
PDMS samples. The electric constant of plain PDMS was about 3.1

at 1 kHz whereas for porous PDMS it improved by 14 at 1 kHz. The
dielectric constant of porous PDMS is higher than that of plain PDMS

because of its larger surface area and air-filled pores. By increasing
polarization in the presence of an electric field, these pores increase

charge storage capacity. In comparison to the solid, non-porous PDMS,
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the voids within the porous structure contribute to higher dielectric
permittivity.

Figure 2(a-d) shows the single electrode mode operation of TENG.
Triboelectrification and electrostatic induction are the foundations
of a TENG operation. The moving layer in the single-electrode TENG
mechanism depicted in Figure 2 is aluminum. When both triboelectric
layers are connected each opposite layer develop the charges on the
surface as per the polarity (a). A sizable potential difference between
the two layers develops as the Al layer separates from the PDMS
surface, which causes electrons to travel from the ground to the Al
electrode (b). Until the Al and PDMS layers revert to their initial places,
this electron flow will continue (c). The direction of electron flow
changes as the Al layer approaches the PDMS layer again, moving.
The pores in the PDMS layer play a key role in increasing surface
charge density, thereby enhancing the TENG's output.
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Figure 3. (a, b) Voltage and current of the plain PDMS/Al TENG device, (c) Power generated by the TENG, and (d-f) Voltage output of the plain PDMS/Al

TENG device.
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The fabricated TENGs were operated in single-electrode mode.
The plain PDMS-based TENG achieved an output of 1 V and 4.5 nA,
as shown in Figure 3(a-b). The power was calculated using the formula
V%R and was found to be 3.3 nW, corresponding to 10 MQ, as shown
in Figure 3(c). The TENG was then attached to the human body to
harness energy from human motion. Figure 3(d-f) show the voltage
generated by the TENG in response to different actions such as finger
tapping, palm tapping, and foot tapping. As the roughness of the film
increased, the output of the TENG improved. The porous PDMS-
based TENG achieved an output voltage of 7 V and a current of 5 nA,
as shown in Figure 4(a-b). The calculated power for the porous PDMS-
based TENG was 165 nW, corresponding to 5 M, as illustrated in
Figure 4(c). Figure 4(d-f) demonstrate the voltage generated by the
TENG during various human actions.
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Figure 5(a) shows the circuit diagram of capacitor charging using
TENG and bridge rectifier. The bridge rectifier enable the conversion
of AC output of TENG to DC. Figure 5(b-c) illustrated the various
capacitors being charged using plain PDMS and porous PDMS
respectively. Porous PDMS-based TENGs charge capacitors more
quickly due to their enhanced surface area and increased contact points,
which lead to higher charge generation and transfer efficiency. The
porous structure improves friction and contact with the other triboelectric
layer, resulting in greater charge density. This, in turn, accelerates the
charging process of capacitors by delivering higher energy output
with each cycle. Figure 5(d) shows the digital image of the TENG being
attached to the speakers for animal noise detection. Animal noise
detection is crucial for monitoring wildlife behavior, tracking species in
their natural habitats, and understanding communication patterns [33].
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Figure 4. (a, b) Voltage and current of the porous PDMS/Al TENG device, (c)
TENG device.

Power generated by the TENG, and (d-f) Voltage output of the porous PDMS/Al
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Figure 5. (a) Circuit design of connection of TENG and charge of capacitor, (b, ¢) charging of commercial capacitors using plain PDMS/AI device and porous
PDMS/ALI device, (d) digital image of porous PDMS/Al TENG device attached to the speaker for noise detection, (e-h) Voltage signal and computational
analysis from TENG during various roaring of animals such as cow, dog, goat, lion.
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Figure 6. Stability test over 1000 cycles.

It aids in conservation efforts by identifying endangered species, detecting
environmental changes, and preventing illegal activities like poaching.
Additionally, it contributes to research in bioacoustics and ecological
studies. Figure 5(e-h) shows the voltage and computational analysis of
TENG during the noise detection of various animal such as cow, dog,
goat and lion. Changes in signal can be seen from output of TENG
which can help in real time biodiversity monitoring. The stability of
porous PDMS-based TENG was tested over 1000 cycles, demonstrating
excellent performance and durability is shown in Figure 6.

4. Conclusions

This study explores the use of TENG technology for sustainable,
battery-free noise detection sensors, ideal for applications like animal
behavior monitoring or biodiversity monitoring. PDMS materials,
processed via the solvent casting route. PDMS roughness was introduced
by using sandpaper microroughness treatment. TENG devices with plain
PDMS, porous PDMS and Al layers were created to compare electrical
output. The device demonstrated potential for charging capacitors, while
also successfully performing self-powered noise recognition sensing
and energy harvesting utilizing human activities..
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