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Abstract

The creation of flexible, light-weight, and inexpensive electronic devices now has a unique opportunity
because to the emerging field of printed electronics. This study gives a thorough introduction to printed
electronics, highlighting the materials used, the manufacturing processes utilised, and the numerous
applications. The research looks at the significance and effects of printed electronic devices in
reshaping sectors including consumer electronics, healthcare, and more. It examines the variety of
materials used in printed electronics, such as substrates, dielectric materials, and conductive inks, and
offers information on their characteristics and applicability for various applications. The study
discusses several production techniques, including ink jet printing, screen printing, and roll-to-roll
procedures, emphasising the benefits, drawbacks, and scalability of each. It also looks at printed
electronics' uses in fields including flexible displays, sensors, wearable technology, and Internet of
Things (IoT) technologies. The study covers the possibilities for sustainable and environmentally
friendly practices as well as the environmental effects of printed electronics. This study intends to
contribute to the comprehension and continued development of this quickly developing sector, opening
the way for creative and affordable electronic solutions by examining the developments and difficulties
in printed electronics.
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INTRODUCTION

With the advent of printed electronics, the area of electronics has seen tremendous change recently.
By fabricating electrical devices and other parts on flexible substrates using printing processes, this
cutting-edge technology opens up a variety of possibilities. Due to its potential to revolutionize many
sectors, including electronics for consumers, healthcare, automotive, and energy, printed electronics
have attracted a lot of interest [1].

The topic of printed electronics is one that is fast developing and has the potential to completely
transform how electrical devices are made and function. Using cutting-edge production techniques,
unique materials, and a wide range of applications, printing electronics enables the development of
flexible, light-weight, and affordable electronic systems [2]. This introduction gives a general overview
of the main elements of printable technology,
*Author for Correspondence including the materials used, the prOduction
Vidhya Rashmi . processes used, and the numerous applications that
E-mail: aeggrouphelpdesk@gmail.com may be made with this technology.

Research Scholar, Department of Electronics and Electrical

Engineering, Lakshmi Narain College of Technology, Bhopal, Materials are an important component of printed
Madhya Pradesh, India electronics because they provide conductivity, as
Received Date: June 14, 2025 well as meet flexibility, and durability
Accepted Date: June 23, 2025 requirements. Graphene, carbon nanotubes, and

Published Date: August 12, 2025 other conductive inks constitute the foundation

Citation: Vidhya Rashmi. Printed Electronics: Materials, blocks  for prmted electrical ~ circuits.  The
Manufacturing Methods, and Applications: A Critical Review. formulation of these inks allows for great electrical
Journal of Electronic Design Technology. 2025; 16(3): 23-28p. Conductivity while also allowing for deposition on

© STM Journals 2025. All Rights Reserved 23



Printed Electronics: Materials, Manufacturing Methods, and Applications Vidhya Rashmi

a variety of surfaces. The creation of functioning devices also requires the use of dielectric substances
and substrates with suitable mechanical properties [3].

When it comes to the realisation of printed electronics, manufacturing techniques are crucial. The
main methods utilised in putting conductive inks and other functional materials onto surfaces include
inkjet printing, screen printing, and roll-to-roll processes. High resolution, exact control over droplet
location, and the capacity to produce intricate patterns are all features of inkjet printing, in particular.
On the other hand, large-scale manufacturing and high throughput are possible using screen printing
and roll-to-roll procedures. These production techniques make it possible to produce electrical devices
of various sizes and degrees of complexity in an efficient and economical manner.

Printed electronics have a wide range of uses in many different sectors. A small sample of the numerous
uses for printed electronics includes flexible displays, sensors that are worn, smart packaging, and
medicinal devices. The adaptability and versatility with printed electronic devices create opportunities
for developing cutting-edge goods that effortlessly fit into daily life [4]. For example, printed electronics
in the healthcare industry can make wearable sensors for continuous health tracking or smart dressings
for wound healing possible. Flexible screens have the potential to completely change how smartphones
and tablets are made and used. Additionally, Figure 1 shows the health monitoring system.

IMPORTANCE AND IMPACT OF PRINTED ELECTRONICS

It is impossible to overestimate the significance and influence of printed electronics, since this latest
technology has the potential to revolutionise a wide range of sectors and lead to considerable
improvements in the production of electronics. Let us explore the specifics of the reason why printed
electronics are attracting so much interest and how they are influencing the future:

o Contribution to the continuing digital transformation of several industries: Printed electronics are
an essential part of this process. Electronics that are lightweight, flexible, and able to be
incorporated into common things are required due to the rising need for smart and linked gadgets.
Such devices may be created using printed electronics, opening the door to the creation of
wearables, Internet of Things sensors, smart packaging, and other gadgets. It creates a link between
the real world and the digital one, making it easier to incorporate technology into our daily life.
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Figure 1. Health monitoring.
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o  FEconomic and Environmental Consequences: Printed electronics has considerable economic
advantages. Traditional production methods for electronics can include pricey machinery,
convoluted supply lines, and substantial material waste. Printed electronics, on the other hand,
make use of additive manufacturing processes to minimise material waste and enable affordable,
scalable production. Roll-to-roll (R2R) manufacturing's capability to create electronic parts on
flexible substrates enables high-volume production at cheap cost. As a result, the manufacture of
electronics may become more democratic, enabling small and medium-sized businesses (SMEs)
and encouraging innovation.

Additionally, printed electronics have an impact on the environment. By decreasing material

waste, manufacturing energy use, and the utilisation of hazardous materials, the technique

encourages sustainability. The transition to flexible and lightweight electronics can improve
energy efficiency and lessen electrical waste. Printed electronics provide a chance to combine
technology breakthroughs with environmental management as sustainability gains importance.

o [ndustry disruption that could happen: Through the development of new applications and the
transformation of old ones, electronic printing has the potential to upend several industries.
Among the major effect areas are:

o Commercial devices: The capacity to print flexible screens, sensors, and batteries creates
new opportunities for small, portable electronics like wearable technology, flexible cell-
phones, and e-textiles. It also makes it possible to create interactive surfaces and user
interfaces that are cutting edge.

o Medical technology: Printed electronics are essential to the development of medical
technology. It makes it possible to create disposable, flexible biosensors for monitoring vital
signs in real time, medication systems for administration, and digital patches for the skin for
health monitoring. Additionally, it gives the possibility of point-of-care diagnostics and
personalised treatment.

o Vehicle: The fabrication of lightweight and conformable electronic components made
possible by printed electronics has the potential to revolutionise vehicle technology. This
comprises flexible displays for smart dashboards, printed sensors for safety and autonomous
driving applications, and energy-efticient lighting solutions.

o Energy: The area of power harvesting and storage is aided by printed electronics. It enables
the creation of printed batteries, printed super capacitors, and printed solar cells in addition
to energy-efficient lighting solutions. These developments may result in more environmentally
friendly energy options and encourage the expansion of clean energy sources.

o Packaging and retail: The use of printed electronic devices in packaging makes it possible
to use smart packaging solutions like RFID-enabled labels, heat and fresh detectors, and
touchscreens for marketing and product information. It improves consumer engagement,
product authenticity, and supply chain management [5].

LITERATURE REVIEW

The use of graphite ink for printing flexible electronics is the main topic of the research by Tran et al.
[6]. The paper gives a summary of ink formulas and graphene dispersions that are appropriate for printing
procedures. It explores numerous printing methods, emphasising their advantages and disadvantages,
including printing using inkjet, the use of screens, and gravure printing. The use of graphene-based
coatings in printing semiconductors, sensors, energy storage systems, and wearable electronics is
examined by the authors. To produce high-quality printed electronics, the study emphasises the
significance of comprehending liquid rheology and formula stability, and printing parameters.

Flexi hybrids electronics (FHE), which blends printed electronics with conventional semiconductor
technology, are the subject of a thorough analysis in a study by Li ef al. [7]. The authors talk about how
printed electronics may be integrated with traditional silicon-based electronics, including sensors,
antennas, and power sources. They look at system design issues, hybrid integration obstacles, and
material compatibility issues in FHE. The study highlights the benefits of integrating powerful silicon
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devices with the adaptability and customizability of printed electronics, showcasing possible uses for
FHE for medical devices, automotive, and consumer electronics.

An extensive analysis of the conductive nanomaterials utilised to print flexible and stretchy circuits
is given by Huang and Zhu [8]. The study covers a wide spectrum of materials, such as carbon
nanotubes, graphene, metallic nanoparticles, and conductive polymers. The authors go over the
fabrication procedures and printing methods used to produce conductive patterns, highlighting how
crucial it is to optimise the ink formulas and printing settings in order to achieve dependable
conductivity. The paper looks at the uses of printable conductive nanomaterials in biomedical
electronics, wearable technology, and stretchy sensors.

An assessment of the existing state, issues, and prospects for flexible electronics is provided by Corzo
et al. [9]. The study emphasises the advancements achieved in flexible electronics materials, printing
methods, and substrates. It highlights the difficulties of scaling, integrating flexible devices with
traditional electronics, and being reliable. The authors also point out new uses for wearable electronics,
flexible screens, and Web of Things (IoT) gadgets. The assessment places a strong emphasis on the
necessity of standardisation and multidisciplinary partnerships to develop the area of flexible electronics.

Focusing primarily on the creation of printed electronics utilising inkjet printing technology, Beedasy
and Smith give an overview of ink compositions, printing process parameters, and inkjet printing
principles [10]. The benefits of inkjet printing are discussed, including its excellent resolution,
flexibility, and adaptability with a variety of materials. The paper discusses the use of inkjet-printed
devices in photovoltaics, displays, sensors, and intelligent packaging. The difficulties with ink
composition stability, choosing the right substrate, and post-printing processing methods are also
highlighted by the authors.

Overview of printed electronics by Wiklund et al. covers manufacturing processes, inks, substrates,
uses, and environmental effects [11]. The pros and cons of several printing processes, including inkjet,
screen, and flexographic printing, are covered in the research. It examines the various inks, such as
conducting, dielectric, and functional inks used in printed electronics. The performance and adaptability
of printed electronics are also examined by the authors as they relate to a variety of substrate materials.
The assessment also discusses printed electronics' uses in industries including medical care, power, and
consumer electronics while taking the technology's effects on the environment into account.

According to Cruz et al., electronic devices printed on flexible substrates are primarily created using
specific printing processes [12]. The chapter gives an overview of several printing processes, including
as inkjet, screen, and gravure printing, as well as their uses in flexible electronics. It analyses each
technique's benefits and drawbacks, including resolution, scalability, and material compatibility. The
authors also look at the possibility of new printing techniques like nanoimprint lithography and aerosol
jet printing for producing electronic devices printed on flexible substrates at high resolutions and throughputs.

The materials chemistry features of flexible electronics are reviewed by Chen et al. [13]. The growth
of flexible materials for printed electronics, such as organic semiconductors, conductive polymers, and
nanomaterials, is discussed in the paper. In order to make flexible electronic devices possible, it
emphasizes the significance of material qualities including mechanical adaptability, electrical
conductivity, and stability. The authors also go into detail on how these materials are incorporated into
other parts, including energy storage units, sensors, and transistors, and how this affects how well the
device functions. Insight in the layout and synthesis of substances with flexible electronics applications
are provided by the review.

The use of sophisticated manufacturing methods and 3D printing in printed electronics is the main
topic of the study by Espera et al. [14]. The paper addresses how complicated three-dimensional
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structures, such as integrated circuits, antennas, and embedded electronic components, may be produced
via additive manufacturing. It examines the developments in printable materials for 3D printing
electronics, including conductive polymers, nanomaterials, and biocompatible materials. The authors
also go through issues with 3D-printed electronics such material integration, printing with multiple
materials, and post-processing methods.

A thorough overview of inkjet printing using nanoparticle inks for flexible electronics is offered by
Nayak et al. [15]. Inkjet printing factors such particle size, viscosity, and substrate interactions are the
main topics of the study, which also addresses the synthesis and formulation of nanoparticle inks. The
difficulties and solutions for obtaining consistent and dependable printed patterns are discussed, along
with the post-processing procedures to improve conductivity and device performance. The paper also
emphasizes that adaptable electronics, comprising the transistors, sensors, and energy storage devices,
may use inkjet-printed nanoparticle inks.

CONCLUSION

In conclusion, the development of printed electronics has enormous potential to revolutionize the
production and use of electronic gadgets. This analysis emphasizes the relevance and influence of this
technology by a thorough investigation of the components, production processes, and uses of printed
electronics. Flexible, light-weight, and reasonably priced electronic devices can be made possible
through the use of a variety of materials, including conductive inks, dielectric materials, and flexible
substrates. The development of materials chemistry has created new opportunities for printed
electronics to achieve high performance and functionality.
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