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Abstracts

A Heat Spreader, specifically the Integrated Heat Spreader (IHS), is a critical thermal

management component placed directly atop the silicon die of a Central Processing

Unit (CPU) or Graphics Processing Unit (GPU). Its primary function is twofold: to protect

the delicate semiconductor die from physical pressure and environmental contaminants,

and to efficiently transfer heat from the small surface area of the die to a larger surface

area, where it can be dissipated by a secondary cooling solution such as a heatsink, air

cooler, or liquid cold plate. Traditionally manufactured from high-purity nickel-plated

copper due to its superior thermal conductivity, the heat spreader has evolved from a

simple protective 'lid' into a sophisticated thermal interface system.

The global market for CPU and GPU heat spreaders is currently undergoing a radical

transformation driven by the exponential increase in Thermal Design Power (TDP) for

high-performance computing (HPC) and Artificial Intelligence (AI) chips. As the industry

moves toward 3nm and 2nm process nodes and adopts 'chiplet' or 2.5D/3D advanced

packaging architectures, the heat density at the package level has surpassed the limits

of traditional passive spreading. Consequently, the market is shifting toward advanced

heat spreaders that incorporate vapor chambers (VC), high-performance thermal

interface materials (TIMs), and integrated liquid cooling interfaces. By 2026, the global

market for CPU/GPU heat spreaders is estimated to reach a valuation between 650

million USD and 980 million USD. Looking further ahead, the industry is projected to

grow at a Compound Annual Growth Rate (CAGR) of 7.2% to 9.2% through 2031,

underpinned by the global build-out of AI data centers and the recovery of the high-end

PC gaming market.

Market Segmentation by Application
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The demand for heat spreaders is divided into two primary segments, each

characterized by distinct thermal requirements and volume dynamics.

PC (Consumer and Workstation): This segment includes desktop CPUs and

discrete GPUs for gaming, content creation, and general-purpose computing.

The trend here is toward 'Extreme Overclocking' and high-end gaming rigs that

push TDPs beyond 250W. For these applications, heat spreaders must be

perfectly flat (high-precision lapping) to ensure minimal thermal resistance. The

entry of traditional air-cooling specialists like Noctua into the liquid cooling

market (with All-in-One solutions planned for early 2026) indicates that

consumer heat spreaders are increasingly being paired with high-performance

radiators to manage the heat output of flagship processors.

Server and Data Center: This is the high-value, high-growth engine of the

market. Modern AI GPUs (such as those used in Nvidia’s Blackwell or AMD’s

Instinct series) and server CPUs (Intel Xeon, AMD EPYC) are reaching TDP

levels that challenge the physical limits of air cooling. The server segment is the

primary adopter of integrated vapor chamber heat spreaders and package-level

liquid cooling solutions. As demonstrated by Intel’s 2025 showcase of package-

level liquid cooling capable of dissipating 1,000 watts, the server heat spreader

of the future may resemble an integrated micro-fluidic manifold rather than a

solid metal plate.

Regional Market Analysis and Trends

The geographical distribution of the heat spreader market reflects the concentration of

semiconductor assembly and test (OSAT) hubs and the location of major hyperscale

data centers.

Asia-Pacific: This region dominates the manufacturing landscape, with an

estimated market share between 75% and 85%. Taiwan, China, is the global

epicenter for heat spreader production, home to leaders like Jentech Precision

and Forcecon. These companies benefit from their proximity to major wafer fabs

(TSMC) and OSAT providers. Japan remains a leader in high-end material

science and nickel-plating technologies, represented by firms like SHINKO and

Nidec. The Asia-Pacific market is expected to grow at a rate of 7.5% to 9.5%,

driven by the continued expansion of the semiconductor ecosystem in China,

Japan, and Southeast Asia.
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North America: While manufacturing is limited compared to Asia, North America

is the primary driver of high-end server demand. The region is home to the

world’s largest cloud service providers (CSPs) and AI developers who dictate

the thermal specifications for the next generation of GPUs. The acquisition of

KTK Thermal Technologies by Mersen in late 2024 underscores the strategic

importance of North American cooling specialists in the domestic server and

power electronics market. The estimated growth rate for North America is

between 6.5% and 8.5%.

Europe: The European market focuses on industrial servers, automotive

computing, and high-end cooling engineering. German specialists like Alphacool

are expanding the boundaries of GPU cooling, as seen in their 2025 expansion

of Core GPU Cooler blocks. The European region emphasizes efficiency and

sustainable cooling solutions, with an expected growth rate of 6.0% to 8.0%.

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

consumers of high-end computing hardware, particularly as localized data

centers are built to support sovereign AI initiatives. The market in these regions

is projected to grow at a rate of 5.0% to 7.0%.

Value Chain and Industry Structure

The value chain for CPU/GPU heat spreaders is a highly specialized sequence

involving material science, precision engineering, and semiconductor packaging

integration.

Upstream (Materials): The primary material is Oxygen-Free High Conductivity

(OFHC) copper. The value chain also includes nickel for electroplating and

specialized materials for Thermal Interface Materials (TIMs), such as

Honeywell's phase-change materials or liquid metal. Supply chain stability in this

segment is increasingly linked to energy costs and the availability of refined

copper.

Midstream (Fabrication and Stamping): This is where specialized manufacturers

like Jentech and Shinko operate. The fabrication of a modern IHS involves high-

precision stamping, forging, or CNC machining to create internal cavities for

vapor chambers. The surface must be plated with nickel to prevent copper
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oxidation and to allow for the application of solder-based TIMs during the final

packaging process.

Downstream (Advanced Packaging and Assembly): The finished heat spreader

is delivered to semiconductor giants (Intel, AMD, Nvidia) or their OSAT partners.

This stage is currently a major bottleneck. The industry's reliance on advanced

packaging like CoWoS (Chip on Wafer on Substrate) or 2.5D/3D integration

means that if wafer fab output or advanced packaging capacity is

restricted—whether by geopolitical tension or equipment shortages—the demand

for heat spreaders is directly capped.

Indirect Factors: The industry is also sensitive to the supply of noble gases, such

as helium, which is used in the semiconductor manufacturing process and

specialized thermal testing. Any disruption in helium supply can lead to

production delays at the fab level, which ripples down to the heat spreader

market.

Key Market Players and Strategic Evolution

The market features a mix of thermal material giants, precision metal stampers, and

specialized cooling innovators.

Honeywell: A dominant force in the high-end TIM market. Honeywell’s role is

critical in providing the interface between the die and the heat spreader. Their

advancements in phase-change materials (PCM) are essential for managing the

transient thermal loads of modern AI chips.

Jentech Precision Industrial Co Ltd: Based in Taiwan, China, Jentech is a global

leader in the design and manufacture of high-performance heat spreaders,

particularly for the server and automotive markets. They are at the forefront of

integrating vapor chamber technology into the IHS, allowing for much higher

power densities than solid copper.

SHINKO ELECTRIC INDUSTRIES: A Japanese leader in semiconductor

packaging, Shinko provides ultra-high-precision heat spreaders for the global

server market. They are known for their ability to meet the rigorous quality

standards required for enterprise-grade hardware.
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NIDEC and Fujikura: These Japanese giants provide broad thermal

management solutions. Nidec’s expertise in motors and cooling fans, combined

with Fujikura’s long history in heat pipe and vapor chamber technology, makes

them vital partners for the evolution of active cooling systems.

Mersen (and KTK Thermal): The acquisition of KTK Thermal Technologies by

Mersen in October 2024 highlights the industry trend toward consolidation.

Mersen is positioning itself to offer comprehensive cooling solutions that bridge

the gap between industrial power electronics and high-end computing.

Forcecon Technology and Tanyuan Technology: These companies are key

contributors to the consumer PC and notebook markets, specializing in slim heat

spreaders and integrated thermal modules for space-constrained devices.

Market Opportunities

The Transition to Liquid Cooling: As CPUs and GPUs approach 1,000W, air

cooling is no longer viable for high-density racks. This creates a massive

opportunity for manufacturers to transition from selling 'metal lids' to selling

'integrated liquid cold plates' that are bonded directly to the processor package.

Intel’s recent package-level liquid cooling showcase confirms this direction.

AI Server Infrastructure Boom: The global investment in AI training clusters

requires thousands of GPUs per cluster. This volume, combined with the high

thermal requirements of AI chips, ensures that the premium segment of the heat

spreader market (VC-based and high-purity copper) will grow faster than the

overall market.

Automotive HPC: As vehicles become 'computers on wheels,' the demand for

high-performance heat spreaders in automotive ECUs and ADAS controllers is

increasing. These spreaders must be vibration-resistant and capable of

operating in harsh thermal environments.

Advancements in TIMs: There is a growing opportunity for heat spreader

manufacturers to offer 'pre-applied' high-performance TIMs, such as liquid metal

or graphite sheets, to simplify the assembly process for PC builders and server

integrators.
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Market Challenges

Advanced Packaging Constraints: The heat spreader market is entirely

dependent on the output of wafer fabs and advanced packaging facilities.

Currently, CoWoS and 2.5D packaging capacity is a major bottleneck. If the

semiconductor industry cannot scale these advanced packaging lines, heat

spreader demand will be constrained regardless of end-user demand.

Material and Energy Volatility: The production of heat spreaders is energy-

intensive, and the cost is highly sensitive to copper prices. Geopolitical

instability, particularly conflicts that affect energy prices or shipping lanes, can

lead to sudden margin compression for manufacturers.

The Helium Factor: The semiconductor ecosystem's dependence on helium for

fabrication and testing introduces a non-traditional supply chain risk. Any

disruption in helium supply (often sourced from specific geopolitical regions) can

halt fab production, indirectly crashing the demand for heat spreaders.

The Rise of Direct-to-Die Cooling: While currently experimental, technologies

that circulate coolant directly over the silicon die could eventually eliminate the

need for a traditional integrated heat spreader in the highest-end applications.

Manufacturers must innovate to remain part of the thermal value chain.
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