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Abstract: Haptic feedback, also known as tactile sensing, plays a vital role in human interactions with
the external environment. The artificial replication of tactile sensations using triboelectric sensors
has sparked the attention of the scientific community by developing advanced electronic skins with
haptic perception. In this work, we design and fabricate different flexible tactile sensors based on
the triboelectric effect. The triboelectric sensors were evaluated in respect of their ability to identify
different materials that were in contact with the sensor. Our results show that the triboelectric signal
depends on the nature of the substrate, and a clear distinction among different substrates could
be obtained.

Keywords: triboelectric effect; triboelectric sensor; tactile sensor; flexible wearable devices; human–
machine interface

1. Introduction

The sense of touch allows individuals to gather information about objects in their
surroundings and perceive their textures, playing a pivotal role in emotional and social
interactions as well as in everyday tasks. The artificial replication of tactile sensation using
triboelectric sensors has sparked the attention of the scientific community by developing
advanced electronic skins with haptic perception [1–3]. In this work, we present the design,
fabrication and characterization of a flexible and wearable tactile sensor, based on the
triboelectric effect, in the form of electronic skin.

2. Materials and Methods

The sensor is designed to follow the contour of the fingertip, enabling the detection of
the material and texture of an object through contact triboelectrification. The fabrication
of the sensor was facilitated by the deposition of metal thin-films on flexible substrates
using standard thin-film deposition methods. For the fabrication of the tactile sensor, two
electrodes were used in a braided form (parallel metal conductors with an alternating
pattern). Various geometries were evaluated. The dimensions of the electrodes were chosen
based on the surface of the finger where the sensor is placed (Figure 1a). The sensors were
fabricated (Figure 1a,b) by metal deposition (Al and Cu) on Kapton® (75 µm) and on a
flexible printed circuit board (FPCB) (100 µm).

Electrical characterization was performed using an oscilloscope (Figure 2a). To limit
the effects of charging and the exchange of the electrical charges of human skin with the
sensor, the finger was covered with a nitrile glove and the substrates were adhered to it
with biocompatible double-sided tape. The contact material of the sensor with the different
surfaces of materials studied in the experimental procedures was placed on top of the
electrodes, covering them, and adhered to the substrate with non-conductive Kapton tape
(Figure 1c).
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Figure 1. (a) Sensor fabricated by aluminum deposition on Kapton® substrate. (b) Sensors on printed 

circuit board. (c) Sensor stuck with biocompatible double-sided tape on a human finger covered 

with a nitrile glove. 
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Figure 2. (a) Connecting the sensor to the oscilloscope; (b) output electric signal. (c) Representative 

signals for each material in contact with a sensor (glass). 

3. Discussion 

To assess the sensor’s ability to recognize different materials, experiments were con-

ducted on surfaces such as wood, glass and human skin. The triboelectric tactile sensor 

detects changes in the electrical charge of its surface due to a mechanical movement that 

causes two materials to come into contact. The electrical output signal (Figure 2a) contains 

information about the type of material, its roughness and the pressure exerted on it and 

works without the need for an external power source. Ιn the electrical signal, there is a 

unique surface depiction of unevenness for each material (Figure 2b,c). 
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Figure 1. (a) Sensor fabricated by aluminum deposition on Kapton® substrate. (b) Sensors on printed
circuit board. (c) Sensor stuck with biocompatible double-sided tape on a human finger covered with
a nitrile glove.
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Figure 2. (a) Connecting the sensor to the oscilloscope; (b) output electric signal. (c) Representative 

signals for each material in contact with a sensor (glass). 
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Figure 2. (a) Connecting the sensor to the oscilloscope; (b) output electric signal. (c) Representative
signals for each material in contact with a sensor (glass).

3. Discussion

To assess the sensor’s ability to recognize different materials, experiments were con-
ducted on surfaces such as wood, glass and human skin. The triboelectric tactile sensor
detects changes in the electrical charge of its surface due to a mechanical movement that
causes two materials to come into contact. The electrical output signal (Figure 2a) contains
information about the type of material, its roughness and the pressure exerted on it and
works without the need for an external power source. In the electrical signal, there is a
unique surface depiction of unevenness for each material (Figure 2b,c).
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