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Abstracts

The semiconductor industry is currently witnessing a significant paradigm shift as

traditional silicon-based technologies reach their physical limits in high-frequency and

high-power environments. Central to this evolution is Gallium Arsenide (GaAs), a

compound semiconductor substrate that has become the bedrock of modern wireless

communication and optoelectronics. Unlike silicon, GaAs possesses a direct bandgap

and high electron mobility, making it indispensable for applications requiring rapid signal

processing and efficient light emission. As global connectivity transitions toward 5G-

Advanced and 6G, and as the demand for 3D sensing and high-efficiency space power

systems escalates, the Gallium Arsenide substrate market is positioned for sustained

structural growth.

1. Product and Industry Overview

Gallium Arsenide (GaAs) substrates serve as the foundational material upon which

epitaxial layers are grown to create various microelectronic and optoelectronic devices.

The production of GaAs substrates involves complex crystal growth processes, such as

the Vertical Gradient Freeze (VGF) and Liquid Encapsulated Czochralski (LEC)

methods, which are designed to produce large-diameter, high-purity ingots with minimal

lattice defects.

The industry is broadly categorized into two types of substrates:

Semi-Insulating (SI) GaAs: Primarily used in Radio Frequency (RF) applications,

including power amplifiers (PAs) for mobile handsets and wireless infrastructure.

Semiconducting (SC) GaAs: Utilized for optoelectronic devices such as Light
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Emitting Diodes (LEDs), laser diodes (including VCSELs), and high-

efficiency solar cells.

GaAs is favored in the defense and aerospace sectors due to its radiation hardness and

ability to operate at higher frequencies compared to silicon, which is critical for radar

and satellite communications.

2. Market Scale and Growth Forecast

The Gallium Arsenide substrate market is entering a phase of steady expansion driven

by the proliferation of connected devices and the deepening integration of sensing

technologies in consumer electronics.

2026 Estimated Market Size: The global market for GaAs substrates is projected

to reach a valuation between 1.1 billion USD and 2.0 billion USD by 2026.

Projected Growth (2026–2031): Between 2026 and 2031, the market is

expected to expand at a Compound Annual Growth Rate (CAGR) of 6.0% to

8.0%.

The growth trajectory is supported by the increasing 'content per device' in

smartphones, where the transition from 4G to 5G necessitates a higher number of GaAs-

based power amplifiers. Furthermore, the expansion of the 'New Space' economy is

driving demand for GaAs-based multi-junction solar cells, which offer superior efficiency

for satellite power systems.

3. Application Segment Analysis

The versatility of GaAs allows it to dominate several high-growth technological niches.

Radio Frequency (RF)

The RF segment remains the largest volume consumer of GaAs substrates. GaAs-

based Heterojunction Bipolar Transistors (HBTs) are the industry standard for power

amplifiers in mobile devices.

5G and Beyond: 5G networks utilize higher frequency bands (including
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mmWave), which play to the strengths of GaAs. Even as Gallium Nitride (GaN)

gains traction in high-power base stations, GaAs remains the preferred choice

for the handset market due to its cost-performance ratio and mature

manufacturing ecosystem.

IoT Expansion: The surge in Wi-Fi 6/6E and the upcoming Wi-Fi 7 standards

rely on GaAs RF front-end modules (FEMs) to manage increased data

throughput and minimize latency.

LEDs and Optoelectronics

GaAs substrates are critical for producing red, orange, and yellow LEDs, as well as

infrared (IR) emitters.

Automotive Lighting: The shift toward advanced driver-assistance systems

(ADAS) and smart headlamps is driving the use of high-brightness GaAs LEDs.

Micro-LEDs: While still in the early stages of mass adoption, Micro-LED

technology for premium displays represents a significant potential upside for the

GaAs substrate market.

Lasers (VCSELs and Edge-Emitters)

Vertical-Cavity Surface-Emitting Lasers (VCSELs) have revolutionized the GaAs market

over the last decade.

3D Sensing: Used in facial recognition (FaceID), proximity sensors, and

Augmented Reality (AR) applications in smartphones and tablets.

LiDAR for Automotive: GaAs-based lasers are essential components in LiDAR

systems, providing the high-speed optical pulses necessary for autonomous

vehicle environment mapping.

Solar and Photovoltaics

GaAs thin-film solar cells offer the highest conversion efficiencies currently achievable.
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Space Applications: GaAs multi-junction cells are the standard for powering

satellites and deep-space probes due to their ability to withstand the harsh

radiation environment of space.

Terrestrial Concentration PV: While expensive for residential use, GaAs cells

are used in concentrated photovoltaic (CPV) systems where high intensity and

efficiency justify the substrate cost.

4. Regional Market Analysis and Trends

The GaAs substrate market exhibits a distinct regional concentration, with

manufacturing and consumption hubs aligned with the broader semiconductor supply

chain.

Asia-Pacific (APAC): This region is the dominant force in the GaAs market, with

an estimated market share between 50% and 60%.

China: A major hub for both substrate production and downstream

device assembly. China's aggressive 5G rollout and its massive

smartphone manufacturing base drive high internal demand.

Taiwan, China: Home to the world’s leading GaAs foundries (such as

Win Semiconductors). The region is a critical nexus for the transition of

substrates into RF and VCSEL components. Recent developments, such

as Taiwan’s announcement in February 2025 regarding domestically

developed 8-inch GaN processes, show the region's intent to lead in

next-generation compound semiconductors, which creates a competitive

but complementary environment for GaAs.

Europe: Accounting for an estimated 15% to 20% of the market, Europe is a

leader in high-end substrate manufacturing and defense applications.

Strategic Sovereignty: In September 2024, the British Government

intervened in the market by purchasing a factory in Newton Aycliffe from

Coherent Inc. This move was explicitly aimed at securing the domestic

supply of GaAs semiconductors for military technology, such as fighter

jets. This highlights a growing trend of 'semiconductor nationalism' where

GaAs is viewed as a strategic defense asset.
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Germany: Remains a center for high-purity crystal growth and research,

supporting the European automotive and industrial sectors.

North America: Holding a share of approximately 15% to 20%, North America

leads in R&D and advanced defense applications.

Defense R&D: The region's growth is heavily influenced by government

contracts. For instance, in October 2024, Raytheon (RTX) received a

DARPA contract to develop ultra-wide bandgap (UWBG) semiconductors

using diamond and aluminum nitride. While this targets technologies

beyond GaAs, it demonstrates the US focus on maintaining a

technological lead in compound materials.

Middle East, Africa, and South America: These regions represent a smaller

portion of the market, estimated at 5% to 10%, primarily focused on

telecommunications infrastructure and niche aerospace projects.

5. Value Chain and Industry Structure

The GaAs substrate value chain is highly integrated and requires specialized technical

expertise at every stage.

Upstream (Raw Materials): The supply of high-purity Gallium and Arsenic is the

starting point. Gallium is often a byproduct of aluminum and zinc mining, making

the supply chain sensitive to disruptions in the metals market.

Midstream (Substrate Manufacturing): This is the most critical stage, where

companies like Freiberger, Sumitomo Electric, and AXT transform raw materials

into polished wafers. This stage requires significant capital expenditure and

intellectual property related to crystal growth and wafer flattening.

Downstream (Epitaxy and Fabrication): Companies like IQE specialize in

epitaxial wafer (epi-wafer) growth—depositing thin layers of semiconductor

material onto the GaAs substrate. These are then sold to foundries or IDMs to

be fabricated into RF chips, LEDs, or lasers.

End-Users: The final products are integrated into consumer electronics (Apple,
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Samsung), telecommunications equipment (Huawei, Ericsson), and defense

systems (Lockheed Martin, Raytheon).

6. Key Market Players

Freiberger Compound Materials: Based in Germany, Freiberger is a leading

global supplier of GaAs substrates, particularly renowned for its VGF growth

technology which produces high-quality substrates for the RF and laser markets.

Sumitomo Electric Industries: A Japanese industrial giant with a dominant

position in the compound semiconductor space. Sumitomo provides a wide

range of substrates and is a key partner for major Japanese and global

electronics firms.

AXT, Inc.: Headquartered in the US with significant manufacturing operations in

China, AXT is a major supplier of both GaAs and Indium Phosphide (InP)

substrates. They are uniquely positioned with vertical integration into raw

material supplies through joint ventures.

IQE PLC: While primarily an epi-wafer supplier, IQE is a vital link in the GaAs

value chain. Based in the UK, they provide the specialized layers required for

advanced HBTs and VCSELs, serving as a bridge between substrate makers

and chip designers.

7. Strategic Industry Developments

The GaAs market is currently influenced by consolidation, government intervention, and

the rise of competing wide-bandgap materials.

Government Intervention and National Security

The acquisition of the Newton Aycliffe plant by the British Government in late 2024

underscores the 'dual-use' nature of GaAs. As it is vital for both civilian 5G and military

radar, governments are increasingly unwilling to rely on global supply chains for these

materials. This could lead to a more fragmented market where local production is

subsidized for security reasons.
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Capital Asset Realignment (March 2025)

The market for GaAs-based solar technology is undergoing a transition. In March 2025,

Tiger Group and GESemi began accepting offers for the manufacturing assets of

Ubiquity Solar. The sale of nearly 600 crates of equipment from brands like Aixtron and

KLA suggests a consolidation in the high-efficiency PV space, as firms seek to optimize

their GaAs thin-film production capabilities or exit the niche in favor of other materials.

Competition and Synergy with GaN and SiC

The compound semiconductor landscape is broadening. Onsemi’s December 2024

acquisition of Qorvo’s SiC JFET business (United Silicon Carbide) for $115 million

illustrates the intense activity in the power semiconductor space. Furthermore, the

development of 8-inch GaN processes in Taiwan (February 2025) challenges GaAs in

certain high-frequency applications. However, the market currently views these

materials as complementary: GaAs for high-volume mobile RF and low-power sensing,

and GaN/SiC for high-power infrastructure and electric vehicles.

The Ultra-Wide Bandgap (UWBG) Frontier

The October 2024 DARPA contract awarded to Raytheon highlights the long-term

research roadmap. By exploring diamond and aluminum nitride (AlN), the industry is

looking beyond the limits of GaAs and GaN for revolutionary power delivery and thermal

management. While these are years away from mass-market GaAs replacement, they

set the stage for the next generation of semiconductor electronics.

8. Market Opportunities

6G Research and Development: As the industry begins defining 6G standards,

the demand for GaAs substrates capable of supporting even higher frequencies

and wider bandwidths will grow.

Consumer AR/VR: The next generation of 'smart glasses' will require

miniaturized VCSELs for eye-tracking and spatial mapping, providing a massive

new volume opportunity for semiconducting GaAs.

Satellite Mega-Constellations: Companies like SpaceX and Blue Origin are

launching thousands of satellites, each requiring high-efficiency GaAs solar

arrays to maximize power-to-weight ratios.
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Automotive LiDAR Standardization: As Level 3 and Level 4 autonomous driving

features move from luxury vehicles to mass-market models, the demand for

GaAs-based laser diodes is expected to scale exponentially.

9. Market Challenges

Substrate Size Transitions: The industry is gradually moving from 4-inch and

6-inch wafers to 8-inch GaAs substrates to improve economies of scale.

However, the technical difficulty of growing large-diameter GaAs crystals without

increasing defect density remains a significant hurdle.

Raw Material Price Volatility: Gallium and Arsenic prices are susceptible to

geopolitical tensions and changes in environmental regulations regarding mining

and refining, particularly in China, which controls a large portion of the global

supply.

Competition from Alternative Materials: While GaAs currently dominates the

smartphone RF market, silicon-on-insulator (SOI) and GaN-on-Silicon are

making inroads into certain RF front-end components, putting pressure on GaAs

substrate margins.

Environmental and Disposal Regulations: Arsenic is a toxic substance, and the

manufacturing and disposal of GaAs substrates are subject to strict

environmental controls. Compliance with evolving global chemical safety

standards (such as REACH in Europe) adds to the operational cost for

manufacturers.
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