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Abstract

The objective of nanotechnology is to create nanodevices that are intelligent, versatile, incredibly tiny, extremely sensitive, and consume little
power. With the help of a nanosensor, nanomaterials and nanofabrication technologies. The gadget is predicted to be compact in size and power
consumption; consequently, the energy gathered from it may be used the atmosphere required to fuel such a system for wireless, self-sustaining
operation The goal of self-powered nanotechnology at developing a self-powered, self-contained system, wirelessly and sustainably. It is highly
desired for wireless devices and even required for implanted biomedical systems to be self-powered without using a battery, which not only can
largely enhance the adaptability of the devices but also greatly reduce the size and weight of the system. Therefore, it is urgent to develop self-
powered nanotechnology that harvests energy from the environment for self-powering these nanodevices.
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Introduction

Self-powered nanodevices and nanosystems have lately received a lot
of interest due to their numerous benefits. Nanostructural photodetectors
that can convert light into an electrical signal are critical for extensive use
in numerous fields such as imaging methods, light-wave communications,
and so on, as a new field in nanotechnology-related research. The optical
absorption of incident photons generates electron-hole pairs, which is the
physical mechanism of photodetection. The photo produced e-h pairs are then
separated and collected by the external circuit using an electric field [1].

High-performance PDs with quick speeds and low power consumption
are greatly required for optoelectronic integration applications. 1D inorganic
nanostructure semiconductors such as nanowires, nanoribbons, and
nanotubes are intriguing candidates for high-performance PD applications
due to their unique features in electrical transport and light absorption. In
comparison to PDs based on traditional thin-film and bulk materials, PDs made
from 1D semiconductor nanostructures typically have higher responsivity and
photoconductivity gain due to their high crystallinity, high surface-to-volume
ratio, and significantly shorter carrier transit time in the reduced dimensions of
the effective conductive channel.

Many semiconductors, for exampleln the past, numerous optoelectronic
nanodevices have been researched using materials such as ZnO, TiO,, SnO,,
ZnS, Nb,O,, and GaN. Anumber of decades we have, for example, successfully
produced an ultraviolet-A (UV-A) light PD. The PD is founded on a binary ZnS/
Zn0 hiaxial nanobelt with variable spectral properties UV-A band selectivity
and wide-range photoresponse. Furthermore, the improved performance of the
ZnS/Zn0 based PD outperforms pure ZnS or ZnO nanostructures. This study
reveals that photoconductivity-based 1D nanostructure PDs are promising
choices. For applications with extremely high on/off rates. Because of their
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enormous surface area-to-volume ratio and high-quality crystal structure,
photoresponse current and dark current are produced.

The main disadvantages of this type of nanostructure-based PD are a
low photoresponse current, which necessitates high-precision measurement
systems to detect the signal, and a long recovery time, which is caused by
the presence of a carrier depletion layer at the nanomaterial surface caused
by surface trap states. Though several efficient approaches to resolving these
challenges have been established, such as combining various nanomaterials
and employing PDs with Schottky contacts rather than Ohmic contacts, these
routes frequently lead to complicated, time-consuming, and uneconomic
device manufacturing procedures. Above all, these PDs must be powered by
external batteries.

As a result, self-powered PDs are currently attracting a lot of attention
and will hold a lot of promise in future nano-optoelectronic devices, such as a
self-powered nanoscale PD network, which is highly desired for waste-water
and air-pollution monitoring systems with low energy consumption, low cost,
and high sensitivity. Too far, numerous techniques for building self-powered
nanoscale PDs have been devised, providing a tremendous opportunity for
employing nanostructured materials in ways that leverage their new features
to enhance the potential use of self-powered PDs. A selection of current work
on self-powered PDs is covered here, with a special emphasis on energy
harvesting from integrated power resources and the construction of a self-
powered system. We begin with a thorough introduction to several ways
for fabricating power resource devices to harvest energy from the physical
environment, followed by a discussion of current initiatives and significant
advancements in the construction and uses of self-powered PDs. Finally, some
difficulties and possibilities for researchers in this field are presented.

With the growing demand for clean and sustainable solar energy, different
ferroelectric photovoltaic systems based on the photovoltaic effect that may
directly scavenge solar energy by converting incoming photons into flowing
free charge carriers have been investigated. The photovoltaic effect is caused
by a number of ferroelectric device processes, including the bulk photovoltaic
effect, domain wall theory, Schottky junction effect, and depolarization field
model. Under light irradiation, ferroelectric materials may generate a continuous
photo voltage, the direction of which depends on ferroelectric polarisation.

Furthermore, the photovoltage is not limited to the material's bandgap and
can be many orders of magnitude greater than the bandgap of ferroelectric
materials. Ferroelectric photovoltaic effect has been used to scavenge
solar energy in a variety of materials, including LiNbO,,PbO,, BaTiO,
(BTO), BiFeQ,, and others. However, due to their large bandgaps of 2.7-4
eV, most of these ferroelectric materials can only absorb less than 20% of
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the solar spectrum, resulting in poor power conversion efficiency of around
0.5%. Instead of absorbing solar energy, these ferroelectric materials with
broad bandgaps may be more suited for near-UV photodetectors. Although
numerous types of photodetectors based on semiconductor materials, such
as GaN, Zn0, TiO,, Sn0O,, and MoS,, have been widely explored for UV and
visible photodetection, 2D layered materials and their vdW heterostructures
have lately received a lot of attention in the field of photodetectors due to their
unusual structural, physical, electrical, and optical features. However, their
applications are hampered by limited detectivity and lengthy response times.
Researchers devised two techniques to overcome these disadvantages and
increase sensitivity: boosting quantum efficiency or suppressing dark currents.

Enhancing light absorption by providing light absorbing medium of photon-
generated electrons and holes increasing gain of photocurrents with trapping
effect and avalanche effect are some of the approaches proposed to increase
the quantum efficiency of photodetectors. Dark current, on the other hand,
may be inhibited by producing an energy barrier generated via dielectric
insertion, band-gap engineering, and localised doping. Photodetectors with
quick reaction times are essential for Analyzing the self-generated electric
signals yields the light information. This paper presents a unique design
strategy for quick light detection using a self-powered sensor system based
on photovoltaic-pyroelectric technology. Ferroelectric BTO compounds have
a linked effect.

The surface temperature of ITO is elevated by light irradiation, and
the random oscillation condition of electric dipoles at room temperature
is perturbed, causing them to oscillate wildly within a greater degree about
their respective alignment axes. As a result, the overall average spontaneous
polarisation is reduced, as are the induced charges in the electrodes, resulting
in electron flow from ITO to Ag electrode. Meanwhile, because BTO is a
ferroelectric-photovoltaic material, when appropriate energy light is shone
on it, photogenerated electron-hole pairs are forced toward the ferroelectric
surface by the field. As a result, the photovoltaic current will travel over the
measurement circuit from ITO to Ag. However, the origin of the photovoltaic
effect in ferroelectric materials is still debated.
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It has been claimed that photogenerated charges can be separated
by the field formed in the bulk of the ferroelectric crystal, the domain wall,
the metalfferroelectric interface, or the depolarization field. The charge
production process of the photovoltaic-pyroelectric coupled effect on an ITO
device, which is based on separate pyroelectric and photovoltaic effects.
The energy band diagram for the photovoltaic-pyroelectric coupled effect.
Because of the noncentral symmetric crystal structure, light irradiation causes
a rapid temperature increase inside pyroelectric BTO for light adsorption.
Light-induced pyroelectric charge may efficiently regulate charge transport
across the interface and influence charge carrier photovoltaic processes
such generation, separation, diffusion, and recombination. As a result of the
photovoltaic-pyroelectric coupled effect, a self-powered ITO photodetector
capable of detecting light may be realised [2-5].
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