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Abstract

The paper provides the overview benefits of applying nanotechnology in various fields, giving an update on the state of
nanotechnology breakthroughs in electronics and communication engineering. This paper offers an overview of some of the
most current developments in nanotechnology, encompassing a range of gadgets such as tiny transistors, paper batteries,
robotics, networks, and wireless technologies. For this reason, it is anticipated that nanotechnology will make it possible to
produce increasingly efficient, powerful, yet smaller and less expensive gadgets.
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1.0 Introduction

Studies of phenomena and material optimization at
the atomic, molecular, and macromolecular scales
where attributes are markedly different from those
at higher scales are referred to as nanotechnology'.
Nanotechnology can alternatively be described as
the study of structures with sizes ranging from 1
to 100 nm 2. Particularly in relation to computers,
telecommunications, and optics, nanotechnology is
drastically altering the field of electronics’. The real
impetus behind nanotechnology research and uses has
been, in a way, the miniaturization of electronics®. To
develop new ICT (Information and Communication
Technology) systems that are more affordable,
compact, and dependable, the primary goal in this field
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is to comprehend the laws and mechanisms present
at the nanoscale’. Drug delivery is one area where
nanotechnology is useful®. Most treatment-related
adverse effects, including chemotherapy, are caused
by drug delivery techniques that are not precise in
identifying the target cells’. Because they react to
chemicals more effectively than bigger iron particles,
ironnanoparticlescanbeusefulin cleaningup pollutants
found in groundwater®. Carbon nanoparticles, such as
nanotubes and buckyballs, are incredibly strong carbon
particles made entirely of carbon’. The best example of
how much stronger carbon nanotube-based bulletproof
vests will be is a T-shirt-weighted carbon nanotube
vest'’. This is due to the unique properties of the bonds
separating carbon atoms that give them strength'’.
Many sunscreens contain nanoparticles of zinc oxide
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and titanium dioxide to improve UV light blocking'*.
Electronics may be able to operate in new ways thanks
to nanotechnology. The science of nanotechnology is
creating new processors, circuit materials, information
storage techniques, and information transfer
methods®. Researchers are creating a form of memory
chip with a projected density of one terabyte of
memory per square inch, which enhances the density
of memory chips'*. Nanotechnology also improves the
capabilities of electrical components by decreasing the
number of transistors used in integrated circuits". By
making improvements to electronic devices’ display
screens, power consumption is decreased along with
the screens’ weight and thickness'®. New materials
on the nanometer length scale are being discovered
in the field of nanotechnology-based communication
systems, and these materials are anticipated to be
crucial in addressing future communication system
challenges like ultra-high-speed devices for long- and
short-range communications links, power-eflicient
computing devices, high-density memory and logics,
and ultra-fast interconnects'. Additionally, the use
of molecules to encode and transmit data rather
than electromagnetic or acoustic waves constitutes a
new paradigm in communication, necessitating the
development of cutting-edge technologies including
molecular transceivers, channel models, and protocols
for nano networks'®.

1.1 Aim and Objectives of Research Work

To provide an update on the state of nanotechnology

achievements in electronics and communication
engineering and summarize the advantages of utilizing
nanotechnology in various sectors.

To overview of some of the most recent advancements
in nanotechnology is provided in this document, which
includes a variety of devices such as small transistors, paper

batteries, robotics, networks, and wireless technologies.

1.2 Literature Summary

These days, there is a significant increase in interest in the
development of nanoscale science studies. Over the past
20 years, a lot of research has been done with the goals of
understanding the basics, providing technical solutions,
and investigating nanoscience.

I 1068 | Vol 72 (10) | October 2024 | http://www.informaticsjournals.com/index.php/jmmf

Materials at the nanoscale demonstrated outstanding
qualities that are entirely distinct from those that occur
when the substance is in its bulk state. This indicates that
Nanotechnology has the potential to make significant
advances in science, medicine, energy, social, cultural,
and even economic transformation. Nearly every nation
is positioned with long and short-term strategic plans
to gain additional experience and thoroughly review the
possible effects of nanotechnology and its advantages from
a strategic standpoint. As a result, Research indications
related to this technology suggest that certain developing
nations compete.

2.0 Nanotechnology’s Uses in
Electronics

With the use of ultra-tiny particle size crystalline
and structural modifications, nanotechnology can be
compared to an electronics industry toolkit, providing
us with the means to create nonmaterials with unique
qualities'*. When they offer a cost and performance
advantage over current items or enable us to develop
new products, these will become commercially
significant. An amplifier that operates on a transistor
that is close to the nanoscale roughly one billionth
of a meter in size is known as a nanotransistor®. The
control electrode of these nanotransistors is predicted
to be as short as 70 nm, and the gate oxide that divides
it from the current-carrying channels is predicted to
be as thin as 1 nm *.. The semiconductor industry is
capable of producing logic chips with over 40 million
MOSFETs (Metal Oxide Semiconductor Field Effect
Transistors) integrated into a single circuit. Shortly,
logic chips with nearly half a billion-nanometer
scale MOSFETs (nano transistors) packed into each
micrometre square will be produced by the industry
at the same cost®>. The performance of a circuit as a
whole is influenced by the atomic scale variations in
transistor size and structure, which increase with
transistor size*. The goal is to create new design tools
and processes for nanoscale transistors and circuits,
which will make it possible to produce sophisticated
silicon chips and related products that are predictable,
affordable, low-interference, and high-yield, instead
of relying on unpredictable and variable devices. In
contrast, human hair is about 105 nanometers broad.
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A leading semiconductor firm is creating microchips
with transistors smaller than 30 nanometers. These
nanotransistors, which are billion times quicker than
conventional transistors, generate transistors that are
only visible through an electron microscope image®. It
is necessary for robotic devices, sometimes known as
nanorobots, to engineer molecular products. In essence,
a nanorobot is a molecularly or nanometer-scale
controlled machine made of nanoscale components®. A
molecule’s size is typically a few nm, an atom’s diameter
is a few nm, and the size of clusters or nanoparticles
made up of hundreds or thousands of atoms is tens of
nm *. Thus, nanorobotics—also known as molecular
robotics—deals with interactions with atomic and
molecular-sized things®. The field of medicine could
greatly benefit from the use of nanorobots. This is
primarily because highly focused delivery of medical
payloads may be possible, which could reduce side
effects and eliminate the need for intrusive treatments®.
However, scientists are concentrating a great deal of
attention on how these tiny particles can best navigate
bodily fluids*. Recently, a novel method for engineering
nanorobots to swim quickly through fluids like blood

to their target has been reported by researchers®'. There
is a lot of promise for nanorobots in medicine. This is
primarily because practical nanorobots for surgery and
medical care may one day be used®. With potentially
numerous applications in the biomedical field,
instrumentation is an emerging technology that is being
developed as an advanced product and is expected to
hit the market shortly. It is anticipated that continued
advancements in molecular electronics, sensors, and
motors will make it possible to create tiny robots that
are similar in size to bacteria®. Recent advances in the
fields of nanoelectronics and biomolecular computing
have shown that biocomputers can handle logic tasks,
which is a promising first step toward the development
of increasingly complicated nanoprocessors. A variety
of components, including sensors, actuators, control,
power, and communication, are used to implement
nanorobots*. Additionally, cross-special scales between
organic and inorganic systems are interfaced with. One
approach to designing technology for the development
of nanorobots for medical purposes, like drug
delivery and diagnosis, is to combine nanotechnology,
photolithography, and novel biomaterials®®. The
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Figure 1. Use of nano materials in precise drug delivery’.
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electrical industries adopt a methodology that takes a
realistic approach to designing nanorobots. Vascular
networks and other cavities allow surgical nanorobots
to enter the human body. Surgical nanorobots are
programmed or led by a human surgeon and function
as semi-autonomous on-site surgeons inside the human
body. The goal of medical nanorobots is to monitor,
test, and diagnose blood-stream bacteria, tissues, and
cells. Because nanorobots can relate the molecular
structures of DNA and proteins within a cell, they can
also be used to treat genetic illnesses.

3.0 Nanotechnology’s Use in
Communication

In the realm of telecommunication engineering,
nanotechnology is crucial and has revolutionized several
areas related to communication characteristics and
technologies. With its vast array of uses, nanotechnology
has had a multifaceted effect on the telecommunications
sector. The telecom industry will undergo a significant
transformation into brand-new nanotechnology. The
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impact of nanotechnology on the functioning of both
core and cellular networks is enormous, and it surpasses
earlier conventional technologies in terms of sensor
performance, security, and overall perfection. From
RFID tags to TV receivers, satellites to mobile phones,
a wide variety of devices use wireless communication.
The demand for the performance of wireless networks
and mobile devices is rising exponentially due to the
increased availability of internet access from tablets and
smartphones.

The installation of intelligent operations that
guarantee computation and communication as
requested is what the wireless technology businesses
have promised. The introduction of nanotechnology
and intelligent concepts into mobile devices will help
integrate the gadgets into human settings, opening
up a new platform that will enable computation and
sensing to be available everywhere. It is possible to load
the Nanodevices with functions like environmental
awareness, intelligent system interaction, and self-
sufficiency. Soon, upgraded carbon nanotubes—which
are a subset of nanotechnology will be incorporated into

Voice over Internet
Protocol (VolP phone)

©
L

Wireless LAN
Client (PDA)

@: wirgm LAN
ﬁ:’
3 mrgm LAN

1

Multifunction

PrintfCopy/f
Scan/Fax

Use of nanotechnology in communication®.

Journal of Mines, Metals and Fuels



Aarti Jathar

cellular phones. The graphene-based integrated circuit
was created specifically for wireless communications
and has numerous applications. A wide range of
applications can be achieved with the graphene-based
integrated circuit, which was specifically designed
for wireless communications. These days, phones can
function in places where they cannot by improving
signals from transceivers, traditional frequencies, and
cell phones. Medical and military personnel can do
medical imaging and see hidden weaponry at higher
frequencies without having to worry about radiation
exposure from X-rays.

Chemical or mechanical sensors, known as
nanosensors, can be used to monitor physical
parameters like temperature and pressure at the
nanoscale or to identify the presence of chemical
species and nanoparticles. Defence, the medical and
healthcare industries, and consumer goods are among
the industries that use nanosensors. In several areas,
including biological and environmental sensing,
which offers a high degree of detection sensitivity, as
well as availability in static or dynamic situations in
numerous applications including health, safety, and

monitoring, nanosensors and nanodevices are offering
new solutions. There is an urgent need to develop new
types of sensors and devices that can quickly identify
the source of pollution due to the growing number
of applications of industrial facilities and their global
dispersion. The necessity to develop new types of
sensors and devices that can quickly identify the source
of a pollutant and other hazardous agents at any time
is critical due to the growing number of applications
of industrial facilities and their global distribution.
Taking a more in-depth look, it’s also necessary to create
sensors and other devices that can communicate with
other machinery in production spaces to identify all
kinds of variations throughout industrial processes. A
new generation of nanosensors and nanodevices with
great sensitivity and fast response times in nanoscale
regions, possibly within the human body, is needed
for other crucial applications, such as healthcare.
When molecules attach to semiconducting nanowires
constructed of zinc oxide or other semiconducting
materials, the change in electrical conductivity that
results is captured by nanosensors. One use is for
monitoring carbon monoxide concentrations that
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are too high. Another is for utilizing variations in the
electrical conductivity of materials, in this case, carbon
nanotubes that have an antibody attached to them. One
can quantify the change in conductivity that occurs
when an antibody binds to a corresponding bacterium
or virus. Numerous advantages result from shrinking
a sensor, including improved signal-to-noise, faster
response times, more precise data, and higher data
densities.

To develop effective communication methods for
the next nanodevices, researchers are focusing on
nanocommunications. A broad range of applications
are intended for these gadgets. Mechanical devices
that rely on components at the nanoscale are referred
to as nanomachines. A nuclear machine is defined as a
mechanical apparatus that can communicate, process,
and process information, detect, and maybe activate other
systems while operating within a limit using nanometer-
scale pieces. There are two primary substreams of
nanocommunications: Molecular nanocommunications
and electromagnetic nanocommunications. Since there
are so few electromagnetic waves available, classical
methods of information transport that are analogous
to EM-based nanocommunications cannot be directly
adapted to the nano realm. Because there are extremely
few resources and techniques that may be used,
EM-based nanocommunications use electromagnetic
waves as information carriers. These methods are similar
to classical approaches but cannot be directly adapted to
the nanodomain. The most well-known and promising
material for nanocommunications is Carbon Nanotubes.
Molecular communications, a natural communication
system employed by living things, is predicted to be made
available for use in future nanodevices. To comprehend
the chemical bit that the transmitter conveyed, one
can use the concentration of the molecule near the
receiver.

4.0 Conclusion

Nanotechnology applications in electronics and
communication engineering are covered in this study.
Researchers are working on a form of memory chip
that could have a projected density of one terabyte of
memory per square inch, which would boost the density

of memory chips. Nanotechnology does this by lowering
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the size of transistors used in integrated circuits. An all-
in-one structure that maximizes energy efficiency is the
result of the use of nanotechnology in the creation of the
paper battery. The supercapacitor’s brief energy burst will
currently be facilitated by the battery in addition to a
low, constant power output. We are entering a new era in
which many fields, including robotics, will mix, and the
future of nanorobots is bright. Nanorobots have a bright
future ahead of them. A new era of interdisciplinary
research combining robotics, mechanical, chemical,
and biomedical chemistry, biology,
physics, and mathematics will lead to the development
of fully functional systems. Wireless communication
systems are being used more and more frequently, and

engineering,

nanotechnology is improving their performance by
allowing for additional capabilities, smaller sizes, and
lower power usage. Applications for wireless sensors
and sensor networks include health and environmental
monitoring, security systems, and logistics.
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