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Abstract. Printed electronics is an electronic device manufacturing technology
that combines printing technology and high-end conductive materials. Compared
with traditional electronic manufacturing methods, it does not rely on substrate
materials, can bemanufactured in large areas and in batches, reducemanufacturing
costs, and is green and other advantages. Printed electronics technology can pre-
pare sensors, flexible display devices, radio frequency identification tags, printed
circuit boards, etc. This article mainly introduces the research progress in these
four fields. The development of Printed electronics should focus on strengthening
the research on printable electronic materials and printing substrates. Performance
enhancements will further expand the range of printed electronics applications.
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1 Introduction

Printing mainly electronic components of the specific design as a guide, with all kinds of
printing process will be conductive, dielectric, piezoelectric or semiconductor electronic
characteristics of electronic ink through layer by layer printing complete electronic ink in
different substrate graphical transfer printing, and then realize the science and technology
of manufacturing electronic circuits or component products by printing [1].

The printing electronics processing process only needs to deposit conductive ink
containing functional materials on the surface of the substrate in a patterned manner,
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and then only needs to perform a sintering process to sinter the ink material into a solid
material, and the same graphic structure as the traditional process can be achieved [2].

Printed electronic device manufacturing not only has a big difference in the com-
position and performance of conductive inks from traditional printing inks, but also
has special pre-press and post-press treatment processes. Printed electronics has higher
requirements for the uniformity of the conductive ink layer, surface flatness, and line edge
smoothness. Therefore, the traditional printing process must adjust the plate-making
parameters, printing conditions and other aspects according to the printed graphics.

2 Flexible Sensor

A sensor is a detection device that can detect relevant information and its changes,
and convert the detection information into electrical signals or other forms of informa-
tion through certain rules, which can meet the functional requirements of information
transmission, processing, storage, display and recording [3]. However, with the contin-
uous changes in the test environment and detection information, sensors are required
to be more integrated and intelligent, while also having the advantages of transparency,
flexibility, durability and portability.

Therefore, the flexible sensor came into being. The flexible sensor is based on a
flexiblematerial, and different functionalmaterials are printed on the substrate according
to the design to realize the detection function [4], as shown in the Fig. 1a Flexible printing
technology is the main way to manufacture flexible sensors, and in flexographic printing
technology, screen printing is the most widely used printing method [5].

Biosensors have the characteristics of high selectivity and specificity, short response
time, fast speed, and can be used to detect bioactive molecules with a variety of instru-
ments. Huang et al. [6] designed and manufactured a H2O2 biosensor based on PSACD
nanoparticle-modified screen-printed electrode, which has excellent electrochemical
properties. The lowest detection limit is 0.02 mmol/L, the response speed is fast, and the
specific selectivity and anti-interference ability are good. Dong et al. [7] designed an afla-
toxin B1 biosensor based on screen-printed electrodes and acetylcholinesterase amperes,
which used nano-gold, graphene and its complexes enhance the current response of elec-
trochemical immunosensors. Therefore, the made sensor has a linear detection range of
1–64 µg/mL and a minimum detection limit of 0.05 µg/mL, and has excellent perfor-
mance such as high sensitivity, stability, and selectivity. Zhang et al. [8] also use graphene
as a modified material, add graphene to the flexible substrate and then make the sensor
(Fig. 1b), using the excellent pressure change effect of the graphene material, the sensor
has a super high Sensitivity, can be applied to the human body and precision instruments.

Zheng et al. [9] made a flexible micro-nano sensor based on SWNTs, as shown in
Fig. 1d. The sensor has the advantages of high precision, and low hysteresis, and shows
a certain application prospect in the field of flexible micro-nano device manufacturing,
paving the way for the realization of ultra-miniaturization and high-function density
flexible devices. Liu et al. [10] printed conductive carbon paste on the substrate by
screen printing to prepare piezoresistive conversion elements. And further manufactured
them into piezoresistive acceleration sensor. The sensor is based on high temperature
photosensitive resin and has a sensitivity coefficient of 10.6798. It also has the advantages
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of good Young’s modulus and bending strength. Piezoresistive acceleration sensor as
shown in Fig. 1c.

The development of flexible and stretchable substrates, geometric circuit design,
printed electronic ink development, and the combination of new material concepts can
develop flexible sensors with the perfect combination of sensitivity and flexibility. The
future research direction will be to develop more economical, multi-functional and bio-
compatible flexible sensors, and to broaden the prospects of various innovative applica-
tions of flexible sensors in the fields of medicine, healthcare, environment and biology
[11].

Fig. 1 A wearable flexible sensor [5]; b flexible temperature sensor [5]; c piezoresistive
acceleration sensor [10]; d flexible micro-nano sensor [9]

3 Flexible Display Device

Flexible electronic display is to make TFT (thin film transistor) devices on a flexible
substrate. It is different from the liquid crystal display, the OLED and QLED inside the
flexible electronic display are self-luminous devices and can be bent and deformed at
will. With the continuous innovation of OLED technology, printed display materials and
equipment skills have achieved rapid development.

Jack et al. [12] prepared a flexible display that can realize colorful display by lithog-
raphy method. The display can be made with different substrates, and the electrode
preparation is not only low in cost, but also in mass production. Wu et al. [13] fabricated
a high-resolution flexible AMOLED display integrated with a new gate drive circuit
using metal oxide TFTs with a BCE structure on a polyimide (PI) substrate, as shown
in Fig. 2a. The flexible panel has good full-color display quality and no obvious defects
in bending state. Output signal of the proposed gate driver is not distorted and has good
noise suppression characteristics, and can remain stable under continuous long-term
operation for up to 15 days.

James et al. [14] used staggered electrodes to prepare electrochromic displays by
screen printing, as shown in Fig. 2b. Qian et al. [15] designed a printed flexible dis-
play based on double-layer polymer dispersed liquid crystal film. The PDLC thin-film
electronically controlled optical switch has the advantages of high contrast, low cost,
simple process and easy colorization. And the display screen uses natural light as the
light source, forms color vision through reflected light, which is more suitable for human
eyes to read, as shown in Fig. 2c. Simon et al. [16] use personalized digital inkjet printing
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or screen printing to make customized thin-film displays on substrates of any shape, as
shown in Fig. 2d. This method can adjust the printing method according to the substrate,
and produce a personalized display screen on almost any surface. The flexible display
screen can also integrate input sensing and TFEL display to realize interactive use by
users.

Fig. 2 A high-resolution flexible AMOLED display [13]; b flexible display with colorful display
[14]; c printed flexible display [15]; d customized thin film displays [16]

4 Radio Frequency Identification

Radio Frequency Identification (RFID) is a technology that automatically identifies tar-
gets through radio frequency signals and reads and writes data on the targets. The radio
frequency identification system mainly consists of electronic tags, card readers and
processors. Compared with traditional barcodes, magnetic cards and IC cards, RFID
have the advantages of non-contact, fast reading and writing, low environmental impact,
long durability and convenience. Thanks to these advantages, RFID is combined with
the Internet of Things, Big Data and Cloud Computing, and is widely used in pro-
duction, logistics, transportation, anti-counterfeiting, tracking, and asset management
applications.

Shen et al. [17] With the help of GS1 global unified identification, a coding system
was established, data exchange standards were developed, and a unified gas cylinder
safety management system was built, as shown in Fig. 3a. In this way, it is not only
possible to analyze the management organization, responsible personnel and equipment
information in the transportation process through the Internet of Things, but also to mas-
ter various data of the gas cylinder. It can effectively guarantee the safety of production,
sales, transportation and use.

Li et al. [18] combined the characteristics of the electroplating industry and electro-
plating production process to design a quality traceability system of electroplating parts
based on radio frequency identification technology, as shown in Fig. 3b. The system
can write electroplating production information and electroplating parts batch informa-
tion into electronic tags. Created a product quality traceability system applicable to the
electroplating industry, realized product quality traceability services, better checked for
omissions, and made up for losses.

Wang [19] designed a tool management system based on radio frequency identifi-
cation technology, as shown in Fig. 3c, taking full advantage of the non-contact and
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fast recognition speed of RFID electronic tags, combining software and PDA handheld
terminals, realize quick tool loan, return and inventory functions. Greatly simplify the
tool management process and improve work efficiency.

Ren [20] designed a real-time optimization system of logistics distribution route
based on Radio Frequency Identification technology. The system uses RFID tag identifi-
cation technology to achieve active identification of the type of logistics, delivery speed
and load information, and combines GPS positioning and ZigBee network technology
to design a logistics distribution route self-organizing network to realize instant opti-
mization of logistics distribution routes. Yang et al. [21] developed an intelligent cold
storage and RFID seed storage tag, which can help relevant management departments
to achieve Strict monitoring of seeds. It not only can improve the protection of seed
property rights, but also guarantee the rights and interests of consumers.

Ran et al. [22] designed a photoelectric radio frequency identification (ORID) tag
with chip antenna (OCA), as shown in Fig. 3d. A reader with a radio frequency output
of 20 dbm can successfully respond to the tag at a distance of 6 mm. This technology
can reduce to a certain extent the environmental pollution of high-power radio frequency
signals in space and the damage to human health.

Fig. 3 A cylinder safety management system [17]; b flectroplating parts quality tracking system
[18]; c appliance management system [19]; d photoelectric radio frequency identification tags
[21]

5 Flexible Printed Circuit Board

Flexible printed circuit board uses polyimide (PI) and othermaterials as the basematerial,
and uses conductive materials on its surface to form a circuit. Printed circuit with good
flexibility. Flexible printed circuit boards have the advantages of light weight, small
size, good heat dissipation and arbitrarily bending, so they are widely used in aerospace,
military, electronics and medical equipment and other fields [23].

At present, the performance of flexible printed circuit boards is mainly improved
by introducing some new materials with excellent performance. Mei et al. [24] made
a flexible graphene conductive circuit board, as shown in Fig 1b. The conductive lines
of the graphene oxide paste screen printed on the flexible substrate are reduced by
hydrogen in the MCVD device, so the produced graphene wires have high electrical
conductivity, thermal conductivity and diamagnetism. Wang et al. [25] by adding boron
nitride nanoparticles, polyvinyl alcohol and glass fibermesh to prepare special composite
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paper substrates, and then Make a flexible printed circuit board, as shown in Fig. 4a.
The circuit board prepared in this way has good thermal conductivity, tensile strength
and stable high-frequency signal transmission performance. Song et al. [26] used the
vacuum-assisted hot pressing method to produce a sandwich bonded graphene laminate
(GCL), as shown in Fig. 4b2, c, which could be of great application value as a new
generation PCB in fluorinated electronics and wearable devices.

Inkjet printing is convenient and environmentally friendly. Therefore, Kang et al.
[27] used inkjet printing technology to prepare chromatographic paper-based two-layer
flexible circuit boards, as shown in Fig. 4d, which have good flexibility and low resis-
tance, and can be made into simple paper-based FPCB circuit board, meet the use of
various shapes. Yan et al. [28] used conductive silver glue as the printing material, fabric
as the printing substrate, and screen printing to make flexible circuit boards. The fabric
circuit boards have good conductivity, flexibility, and wash ability. And tensile proper-
ties. The flexible printed circuit board not only has various printing methods, but also
can print the circuit board on the surface of different materials.

Fig. 4 A special composite paper substrate; b1 flexible graphene wire; b2 flexible graphene clad
laminate (GCL); c fluorinated printed circuit board [28]; d flexible 2-layer paper printed circuit
board [27]

6 Conclusions

Comparedwith traditional electronicmanufacturing technology, the field of printed elec-
tronics has huge advantages such as large area, flexibility, low cost, and environmental
protection. The development of inorganic nanomaterials technology has led to simulta-
neous progress in various fields of printed electronics. In the past decade, the research
on printed electronics technology has increased significantly, and there have been many
scientific research results.

Printed electronics is limited by the performance of current printed electronicmateri-
als, substrates and printing methods, and has not become the mainstream manufacturing
method of organic electronic devices. The development of printed electronics should
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focus on strengthening the research on printable electronic materials and printing equip-
ment, improving electrical performance, printing performance and environmental sta-
bility. Developing corresponding high-performance printable electronic materials for
different applications. Improved performance can drive the growth of printed electron-
ics applications. In the future, printed electronic systems can be combined with different
materials to achieve different applications.
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