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Introduction

Integrating an energy source to power embedded electronic systems is 
one of the most important requirements for smart textiles. Textile triboelectric 
Nano generators (T-TENGs) are highly appealing for the development of future 
autonomous systems because they are particularly well suited to play this role 
invisibly in the core of textiles. Starting with triboelectric generation (textile 
device and behaviour modelling) all the way up to the complete integration 
of power transfer (rectifier) circuits on textiles, this article examines the many 
aspects of T-TENG technology. The modeling section focuses on current 
mathematical models of triboelectric charge transfer in order to emphasize 
power transfer circuits that are effective. Then, the architectures and materials 
used to make various T-TENGs are explained. The technologies and methods 
for seamlessly integrating the power transfer circuit into textiles are discussed 
at the conclusion: From creating tracks that conduct electricity to including 
electronic components in textiles.

Description

Since its inception at the tail end of the 1980s, the smart textiles domain 
in the field of wearable technologies has undergone constant change as new 
features have been added. At first, the term only applied to what are referred 
to as passive smart textiles, which are made of shape-memory polymers 
that can respond to stimuli. Electronic component integration enabled the 
development of increasingly intelligent textiles with increasingly complex 
functions, particularly physiological monitoring sensors, over time. Market 
forecasts in the 2010s predicted a rapid takeoff of this market in the next 
five to ten years due to the opportunity to use this kind of device in a large 
number of applications and markets, such as sportswear, medical monitoring, 
or integration into particular composites. However, promising projects struggle 
to move beyond the prototype or small series stages, and forecasts are 
constantly revised downward. There are two main reasons why this kind 
of system doesn't work with the general public. First, a problem with these 
systems' limited autonomy, which necessitates regular battery replacement or 
recharging. Second, the inability of the various functionalities to be seamlessly 
integrated, such as the presence of a rigid component for the power supply and 
occasionally fragile interconnections, necessitating special care on the part 
of the user to avoid damaging the device. These two previous points make 
it uncomfortable to wear and have a user experience, which will make users 
less likely to spend money on a more expensive and restrictive device that still 
offers new possibilities [1,2].

Because of all of these factors, users tend to prefer wearables with more 
features, like physiological monitoring and wireless communication systems, 

like smart watches. Notwithstanding, the little region covered by these 
frameworks restricts the range of physiological signs of interest that can be 
estimated. Therefore, electronic systems that are incorporated into the fabric 
must be developed so that wires no longer need to be used to recharge the 
energy storage system while still maintaining the traditional fabric's breathability 
and comfort. Since 2012, the invention of nanogenerators, specifically 
triboelectric nanogenerators (TENGs), has made it possible to directly embed 
power from human motions into textiles without the need for external charging. 
The purpose of this review is to provide specialists in three distinct fields with a 
global understanding of wearable textile TENGs a comprehensive investigation 
of the triboelectricity phenomenon; ii) the incorporation of essential materials 
into textiles; and iii) the incorporation of embedded electronics into textile 
power transfer circuits. The first section discusses TENG's operation and the 
phenomenon's physical origins [3]. 

The main theoretical approaches, such as the Gauss theorem and 
Maxwell's theory, are described in Section Generalities. In the theoretical 
approach to TENGs section, various structures and materials that were tested 
as T-TENGs are shown. Segment t-TENGs covers the different approach to 
making material conductive tracks prior to examining various strategies to 
coordinate electronic parts or circuits to materials. Section electronics system 
integration on textiles draws conclusions and perspectives. Applications range 
from micrometre-scale vibration to human movements, and energy harvesting 
devices are attracting a lot of interest for converting mechanical energy 
into electrical energy. There are numerous phenomena that can produce 
electric charges. Systems continue to make extensive use of triboelectricity, 
ferroelectricity, and piezoelectricity. The ability of some materials to generate 
electric charges on their surface when subjected to pressure or strain is known 
as the piezoelectric effect. The phenomenon of contact electrification in which 
two materials become electrically charged upon contact or friction is known 
as triboelectricity. Ferroelectricity is a property of some materials that have a 
spontaneous electric polarization that can be reversed by applying an external 
electric field. However, it is difficult to differentiate between the electrical 
signals produced by piezoelectricity, triboelectricity and ferroelectricity. In fact, 
the piezoelectric and triboelectric processes operate almost simultaneously 
under real-world testing or application conditions and their contributions are 
indistinguishable. The authors demonstrated, as was previously mentioned, 
that the difference could only be seen in the overall intensity of the electric 
signal peaks [4,5].

Conclusion

Using a composite film that was partially covered by electrodes, the 
authors designed a cantilever-type resonator to identify the piezoelectric 
and triboelectric contributions in a mechanical energy conversion process. 
Recently, extensive research on piezoelectric polymers has shown them to 
be extremely promising energy materials. The implementation of piezoelectric 
generator (PEG) or triboelectric generator (TEG) systems is affected by 
the divergent energy generation and harvesting mechanisms. They are 
all measured in voltage, current, power, and charge for their output. The 
fundamental procedure that results in the output is crucial. Piezoelectric output 
is the assumption that many researchers make when measuring it. In point 
of fact, extremely high piezoelectric coefficients are produced because the 
triboelectric output is frequently reported as a piezoelectric output. The authors 
came to the conclusion that the overlap of piezoelectric and triboelectric effects 
needed to be addressed and provided a measurement protocol and direction.
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