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Abstracts

A Flexible Printed Circuit Board (FPCB) represents a sophisticated category of

electronic interconnect technology, distinguished from traditional rigid PCBs by its ability

to bend, fold, and twist without compromising electrical functionality. Constructed

primarily using high-performance plastic substrates such as polyimide (PI) or polyester

film, FPCBs allow for a high degree of design freedom, significant weight reduction, and

the miniaturization of electronic devices. They are essential in modern electronics where

space-saving and three-dimensional wiring are critical requirements.

The evolution of FPCB technology is currently driven by several converging

megatrends: the global transition to 5G telecommunications, the electrification and

digitalization of the automotive sector, and the rise of foldable display technology in

consumer electronics. As devices become thinner and more complex, the demand for

high-density interconnect (HDI) flexible circuits and multi-layer FPCBs continues to

escalate. The global FPCB market is estimated to reach a valuation of 18.2 billion USD

to 31.4 billion USD by 2026. Between 2026 and 2031, the market is projected to expand

at a steady Compound Annual Growth Rate (CAGR) of 6.5% to 8.5%, reflecting the

technology's indispensable role in the next generation of hardware innovation.

Market Segmentation by Application and Trends

The application of FPCBs spans a wide range of industries, each demanding specific

technical attributes such as thermal resistance, flexibility, and signal integrity.

Consumer Electronics: This remains the largest segment for FPCBs. The

proliferation of smartphones, particularly the transition toward foldable designs,

has significantly increased the FPCB content per device. In foldable phones, the
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'hinge' area requires highly durable, multi-layer flexible circuits capable

of enduring hundreds of thousands of folds. Furthermore, the integration of 5G

necessitates low-loss FPCBs for high-frequency signal transmission.

Automotive Electronics: The automotive sector is the fastest-growing application

area. Modern Electric Vehicles (EVs) utilize FPCBs in Battery Management

Systems (BMS), where they replace heavy wire harnesses to save weight and

improve space efficiency. Additionally, FPCBs are critical for Advanced Driver

Assistance Systems (ADAS), infotainment displays, and sensor arrays required

for autonomous driving. The estimated growth in this segment is driven by the

global push for vehicle electrification.

Medical Devices and Wearables: In the healthcare sector, FPCBs enable the

development of biocompatible wearables, portable diagnostic tools, and

implantable devices. Their ability to conform to the human body’s shape makes

them ideal for smartwatches, fitness trackers, and continuous glucose monitors.

The trend toward remote patient monitoring and minimally invasive surgical tools

is a significant driver for high-reliability flexible circuits.

Antennas: With the deployment of 5G mmWave technology, FPCBs are

increasingly used for Liquid Crystal Polymer (LCP) and Modified Polyimide

(MPI) antennas. These materials provide superior signal transmission

characteristics at high frequencies, making them essential for mobile

connectivity and satellite communications.

Displays: FPCBs are integral to the connection between display panels (OLED

and LCD) and the main logic board. The shift from rigid to flexible OLED panels

further cements the importance of FPCB technology in the display value chain.

Regional Market Analysis

The FPCB industry is geographically concentrated in East Asia, which serves as the

global hub for electronic component manufacturing, though demand is spread across all

major industrial regions.

Asia-Pacific: This region holds the dominant market share, estimated between

70% and 82%. China is the primary manufacturing base, supported by a

comprehensive supply chain and proximity to major assembly plants. Taiwan,
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China, is a leader in high-end FPCB production, hosting global giants like Zhen

Ding and Unimicron. South Korea and Japan remain technological pioneers,

focusing on high-frequency and multi-layer flex technologies. A notable trend in

this region is the shift of manufacturing facilities to Southeast Asia, particularly

Vietnam, to optimize labor costs and mitigate geopolitical risks. The Asia-Pacific

market is expected to grow at an estimated rate of 7.0% to 9.0%.

North America: The North American market is characterized by high-value

applications in medical, aerospace, and defense industries. The region is a

primary center for FPCB design and innovation, driven by tech giants and

medical device manufacturers. The estimated growth rate for North America is

between 5.5% and 7.0%.

Europe: European demand is heavily concentrated in the automotive sector,

with Germany serving as a key hub for high-reliability FPCBs used in premium

vehicles. The region also sees significant demand for industrial automation and

specialized medical equipment. The European market is projected to grow at a

rate of 5.0% to 6.5%.

South America and Middle East & Africa (MEA): These regions represent

emerging markets where growth is driven by increasing smartphone penetration

and the gradual modernization of local automotive and industrial infrastructure.

The growth rate for these combined regions is estimated at 4.0% to 5.5%.

Value Chain and Industry Structure

The FPCB value chain is complex and sensitive to both technological shifts and

macroeconomic conditions.

Upstream (Materials): This includes the production of Copper Clad Laminates

(CCL), Polyimide (PI) films, Liquid Crystal Polymers (LCP), and high-purity

copper foil. The supply of PI film and high-end CCL is concentrated among a

few global players. Recent industrial trends have shown significant price

volatility in these raw materials, often influenced by energy costs and supply

chain bottlenecks.

Midstream (Fabrication): This is where FPCB manufacturers transform raw

materials into finished circuits. The process involves photolithography, etching,
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plating, and lamination. This stage requires significant capital investment in

cleanroom facilities and high-precision machinery. Companies in this segment

are increasingly focusing on 'advanced packaging' techniques to merge PCB

and semiconductor functionalities.

Downstream (End-Users): The value chain concludes with Electronic

Manufacturing Services (EMS) providers and Original Equipment Manufacturers

(OEMs) who integrate FPCBs into final products.

Key Market Players and Strategic Movements

The FPCB market is highly competitive, featuring established players from Taiwan,

China, Japan, South Korea, and mainland China.

Zhen Ding Technology Holding Limited (ZDT) & Avary Holding: As the world's

leading PCB manufacturer, Zhen Ding (and its subsidiary Avary) maintains a

dominant position through massive scale and high-end technical capability. In

October 2024, Zhen Ding entered into a strategic cooperation agreement with

DuPont. This partnership focuses on advanced PCB technology, aiming to

enhance the development of high-performance materials and sustainable

manufacturing processes.

SI FLEX (Recent M&A): In April 2025, the South Korean private equity firm Well

to Sea Investment acquired the management rights of SI FLEX. This acquisition

highlights the investment attractiveness of the FPCB sector, specifically SI

FLEX's strong position in the smartphone market and its strategic manufacturing

transition to Vietnam, which offers a competitive cost structure.

Sumitomo Electric, Nippon Mektron, and Fujikura: These Japanese firms are

renowned for their technical precision and focus on high-reliability applications,

particularly in the automotive and industrial segments. Nippon Mektron, in

particular, remains one of the top global suppliers by volume.

Suzhou Dongshan Precision Manufacturing Co. Ltd. (DSBJ) and Multek:

Through the acquisition of Multek, DSBJ has become a major global player,

bridging the gap between Chinese manufacturing efficiency and Western

technological expertise.
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Other Significant Players: Companies like Unimicron, COMPEQ, Shennan

Circuit, Young Poong, and AT&S contribute to the market's diversity, each

specializing in various niches such as HDI, high-frequency materials, or

localized production in Europe and North America.

Opportunities and Drivers

The Foldable Revolution: The transition from traditional smartphones to foldable

and rollable devices significantly increases the FPCB area per unit. This

transition provides a lucrative opportunity for manufacturers who can master

high-durability hinge-flex designs.

EV Battery Systems: The shift toward wireless or FPCB-based Battery

Management Systems (BMS) in EVs represents a massive new market. FPCBs

reduce the weight of battery packs, directly contributing to increased vehicle

range—a key selling point for EVs.

5G and 6G Infrastructure: As 5G networks mature and 6G research begins, the

demand for low-Dk/Df (dielectric constant/dissipation factor) materials like LCP

and MPI will grow, favoring companies with advanced material processing

capabilities.

Medical Miniaturization: The trend toward 'invisible' medical wearables and

ingestible sensors provides high-margin opportunities for the production of ultra-

thin, biocompatible flexible circuits.

Market Challenges and Risks

Raw Material Cost Squeeze: The FPCB industry is currently facing a cost

squeeze. The rising prices of Polyimide (PI) films and Copper Clad Laminates

(CCL) are putting pressure on profit margins. Geopolitical factors, such as

conflicts in energy-producing regions, have led to higher high-energy production

costs for basic materials.

Indirect Supply Chain Impacts: Disruptions in the supply of noble gases, such as

helium, which is used in certain high-tech manufacturing and cooling processes,

can indirectly affect the production efficiency and costs of advanced FPCBs.
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Technical Complexity: As FPCBs become more complex (e.g., rigid-flex

combinations or ultra-fine line spacing), the yield rates can drop. Manufacturers

must continuously invest in expensive laser drilling and automated optical

inspection (AOI) technology to maintain profitability.

Oligopolistic Competition: The market is characterized by a 'winner-takes-most'

dynamic in the high-end segment (e.g., Apple supply chain), making it difficult

for smaller players to compete on price or innovation without significant capital

backing.
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