
A Review of
High-Performance
Polymers in the
Development of Flexible
Circuit Boards in
Advanced Communication



A Review of High-Performance Polymers in the Development
of Flexible Circuit Boards in Advanced Communication

The current paradigm
of advanced 
communication 
technology is based
on complex 
structures relaying 
signals between the 
user and the system. 
As the devices are 
becoming smaller 
and more advanced, 
the requirement for 
high-stress handling 
materials is rising 
from the 
manufacturers.

A decade past, the internal parts of devices were limited to the rigid parts, where printed 
circuit boards (PCBs) could work to meet the expectations. Rigid PCBs are good fit for 
applications involving high heat and vibrations. The rise of new application avenues in 
tandem with technological advancement paved the way for flexible PCBs.

Flexible circuit boards (FCB) are almost used ubiquitously these days, with applications 
ranging from automobile, aviation, and IoT to high speed 5G advanced communications. 
The flexible circuit boards have a long history and they are being continuously developed 
in terms of materials, designs and processing technologies. The thin layers, which 
consist of laminates are the heart and soul of any flexible circuit board. There are a 
number of layers consisting of different materials which comprise a flexible circuit: 

Substrate or base material - “You now have more
to choose from”
Substrate/base material is an insulating/dielectric layer of plastic which gives rigidity and thickness to the PCBs. With the advent 
of 5G technology, it has become very critical to avoid cross-connection among the signals and to reduce the latency in signal 
delivery. The most common materials used for FCBs substrate are PET/PEN, Polyimide (PI), PTFE, Liquid-crystal polymers (LCPs), 
among; other high-performance polymers. PI is preferred over LCP & PTFE to avoid circuit collapsing because of the minimum 
warpage properties of PI. Currently, the availability of qualified LCP materials is inconsistent because of the skewed supply to 
demand ratio. This inconsistency in availability is expected to be resolved in the future as regional players in China and Europe 
have started developing the LCP materials. Also, distribution channels play a key role in minimizing supply inconsistency. As per 
industry sources, there is a proposed collaboration between DuPont and Insulectro for the distribution of DuPont’s flex PCB for the 
US region to streamline the availability of laminates/ materials directly to the customers.



In multilayer flexible circuit boards, PI is the most preferred material over LCP 
and PTFE.  LCP has a soft surface finish that needs to be handled carefully 
throughout the value chain and this makes it less attractive option than PI. Even 
though PTFE has very low Dk&Df, which is desirable, it exhibits high coefficient 
of thermal expansion (CTE), less adhesion and could be easily distorted with an 
effect of warpage, which may cause collapsing of the circuit. Also, PTFE based 
laminates need extra care for the fabrication such as adjustment of layers, 
drilling, extra handling to avoid smearing of circuit. That’s why PI is most 
preferred material over LCP and PTFE. On the other hand, blended PTFE (with 
woven glass/ ceramic/ micro-fiber glass/ etc.) is preferred to fine-tune the 
mechanical properties though it has some limitations with respect to dielectric 
and dissipation properties. Companies such as Rogers Corp., have developed/ 
developing PTFE based laminates with optimized composition of fiber/glass to 
retain the low loss performance and enhanced mechanical properties as well as 
handling the nature of PTFE laminates. Meanwhile, LCP based laminates need 
an extremely controlled process for fabrication so it is being used by a few 
market leaders and it is untouched by traditional PCB fabricators. Elite 
companies such as Amphenol Printed Circuit has recently started using the LCP 
based laminates (from Panasonic) for the high-frequency condition in the 
avionics market segment. 

Even though polyimides 
are the most prominent 
materials for FCB’s
the mechanical trength 
of PI & TPI needs to
be optimized to use
in advanced 
communication, by 
introducing the voids and 
as it will reduce the 
dielectric constant, which 
is something that 
traditional imides
are lacking.

Adhesives Layers-“Not Just for Bonding Strength”

Generally, epoxy, acrylic, PI, 
LCP, PEN/PET are used as 
adhesive materials because 
they perform well under 
desired conditions. With the 
emergence of advanced 
communication technology 
such as 5G, IoT, and novel 
application areas such as 
robotics, the adhesives are 
going to play a major role in 
the development of more 
advanced FCBs.

The other use of high-performance polymers in the flexible circuit board is as 
adhesive. Adhesives are being used to provide bonding strength among the 
layers of different substrates used in FCBs. The electrical, mechanical, thermal 
properties of adhesives have a crucial impact on the performance of 
end-device/products. Adhesive materials can be as same as the substrate or it 
may be a different material. 



Thermoplastic adhesives such as LCP, acrylic & TPI are getting more attraction 
from the industry over thermoset (epoxy & PI) because of easy processability 
and good performance. The technical properties of adhesives should be similar 
or better than the substrate and should have good bonding strength so as to 
fulfill the requirement of end application. The bonding strength is primarily 
enhanced by increasing surface roughness, which in turn increases the 
dielectric constant of the laminates which may reduce the overall performance 
of the circuit. 

Acrylic is preferred over epoxy to minimize the properties’ loss in laminates. 
However, epoxy is still used in high-temperature applications such as 
aeronautics, and in oil & gas industry to name few of them. Also, for extreme 
temperature applications, TPI is preferred over other adhesives. 

Companies, such as Tai�ex have 

developed the laminates using 

thermoplastic polyimide (TPI) 

adhesives and PI insulation layer, 

to improve

the adhesion strength and 

high-temperature stability

of the laminates.
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Are Molded Interconnect Devices (MIDs) the Future?
In parallel to laminates PCB technology, Molded Interconnect Devices (MID) seems to have upper hand over PCB in few areas of 
applications including the antenna component manufacturing. In MID, circuits are printed using Laser Direct Structuring (LDS) 
techniques. The reasons for the MID attractions are miniaturization, low cost, easy processability/assembly, and weight reduction. 
Also, it does not require housing for the protection of the module. Although it has some limitations, which includes not supporting 
the cross-connections in conductive tracks. Based on the criticality of signal transfer, the base plastics such as LCP, PC/ABS, PPA, 
and PA are preferred over the others. Similar to PCB the base substrate properties do affect the transfer of signal quality and 
performance of the end device. 

Plastics are replacing the metallic parts due to the rising demand of the components and the fact that plastics have better 
processability gives them an upper edge over metallic parts in fulfilling the rising demand.  Also, the costs involved in using 
metallic and plastic parts are almost comparable. One of the advantages of plastic is that multiple smaller components can be 
injection molded which is not possible in the case of metals. Metals are being replaced, although the process is very slow because 
of quality and durability concerns. In general, plating on the surfaces is used to minimize the noise during sending and receiving 
signals, and the plating quality is also a concern because the plating on plastic has a relatively lower life than metals.



Flexible Circuit Boards Material Selection - Relative
performance benchmarking

Critical Properties Epoxy PTFE PMMA
(Acrylate) PI LCP TPI

Dielectric strength (kV/mm) 63 18-24 15 22 25-32 22-25

Dielectric Coefficient, Dk 4.8 2.1 2.6 3.6 2.9 3-3.5

Dissipation Factor, Df 0.013 0.0003 0.014 <0.0034 0.002 0.0007

Coefficient of Thermal
Expansion, CTE (ppm) 45 80 70-75 20 17 18-54

Maximum Continuous Service
Temperature (°C) 260 260 90 350 240 260

Maximum Short-term Service
Temperature (°C) 300 300 100 480 340 -

Moisture Absorption (%) 0.1 0.01 0.2 0.24 <0.04 0.6

Will the FCB’s performance requirement challenge the
preference of material in the near future?          
Amid multiple challenges and requirements, the material preferences would change slightly with time. However, imides’ properties 
need to be fine-tuned to maintain the existing market share. On the other hand, PTFE/ LCP based materials would be preferred for 
the inter-device signal transfer application where latency is critical, however, within device PTFE/ LCP would see limited 
applications. On the growth prospects, imides would have slightly lower growth than end applications, however, LCP/ PTFE would 
see almost 15% higher growth than end applications. In future, advancementin the domain of communication technology will lead 
tothe requirement of a large number of devices, and it is expected that material demand-supply will play a critical role in 
maintaining the consistency in material pricing. 
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About ChemBizR

Would it take huge investments from the material
manufacturers to enhance the material’s properties for
optimum performance in high-frequency applications?

Could performance enhancement be done alone or need a partnership for blending and material customization? Are existing 
customers test the new materials or new applications & customers need to be scouted? The existing customers seem struggling 
to define standard performance benchmarking/criteria for FCBs in advanced communication such as 5G, autonomous driving & 
IoT. 

ChemBizR does help you to identify strategy & partnership to develop new products as well as identify new potential customers. 
ChemBizR also helps you to identify blending formulations to enhance properties without compromising with the existing 
performance so that the solutions would be preferred by market leaders and ultimately help you to have new collaborations with 
customers.

ChemBizR team is acknowledged as the most admired business research and consulting partner of chemical companies 
globally, by addressing their critical business challenges and strategic growth initiatives to help them transform their 
enterprise for sustainable growth in a highly competitive and rapidly evolving environment.

Business Opportunities Assessment

Customer Insights

Strategic Competitive Intelligence

Mergers, Acquisitions & Alliances

Price Tracking & Profitability Analysis 

Procurement Intelligence

www.chembizr.com


