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Executive Summary

Key Takeaways

+ Market Growth Trajectory: The Al chip market is projected to reach $200B annually by 2030, with the
broader cloud Al market expanding to $600B by 2032, creating massive opportunities for strategic invest-
ments in next-generation semiconductor technologies.

» Power Delivery Revolution: Vertical power delivery networks are replacing traditional lateral designs, with
a 5% improvement in efficiency potentially saving millions in operational costs for hyperscale deployments
while reducing carbon emissions.

» Thermal Management Crisis: Al chips operating at 700-1400W have exceeded traditional cooling capabili-
ties, driving innovation in microfluidic cooling and immersion systems that can reduce total cost of ownership
by 25-30% over five years despite higher upfront costs.

« Materials Innovation Advantage: Molybdenum is replacing traditional metals in chip interconnects, offering
50% lower contact resistance and better performance in confined geometries, creating competitive advan-
tages for companies investing in advanced materials research.

* Geopolitical Supply Chain Risks: Al chips have become strategic assetsininternational relations, with export
controls reshaping supply chains and driving $50B+ in sovereign Al infrastructure investments, requiring
companies to develop region-specific strategies and diversified manufacturing capabilities.

+ System-Level Co-optimization Imperative: Companies breaking down silos between silicon, packaging, and
system design through collaborative, multi-disciplinary approaches are gaining significant advantages in
both performance and time-to-market for Al chips.

Key Market Findings and Growth Projections

The artificial intelligence chip market is experiencing unprecedented growth driven by escalating Al workloads that
demand increasingly powerful processing capabilities. As Al applications grow larger and more complex, semiconductor
manufacturers face critical challenges in delivering efficient and reliable power to these advanced chips. Current market
indicators show that Al accelerators have crossed the kilowatt power boundary, with NVIDIA's Blackwell chips ranging
from 700 to 1,400 watts, highlighting the industry’s push toward extreme performance at the cost of significant power
consumption.

The global Al chip market is projected to reach over $200 billion annually by 2030, with the broader cloud Al market
forecasted to expand to nearly $600 billion by 2032. This growth is fueled by several key technological shifts in the
industry. Power delivery networks (PDNs) are evolving from traditional lateral designs to vertical architectures, with
embedded voltage regulation and integrated capacitive solutions that localize power delivery, reduce parasitic losses,
and increase overall performance. Companies like Saras Micro Devices are pioneering these vertical PDN solutions that
dramatically reduce power loss and heat generation while freeing up board space for critical high-speed signals.

Material innovation is also reshaping the market landscape, with molybdenum emerging as a criticalfor tungsten and
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copper in local interconnects and contacts. This transition offers substantial performance improvements, including up to
50% lower contact resistance and better scalability in narrow geometries. Molybdenum's shorter electron mean free
path makes it particularly advantageous for dimensions below 20nm, where conventional metals suffer from increased
electron scattering. This material shift is especially crucial for Al devices as functionality becomes increasingly
concentrated in smaller areas.

Backside power delivery networks (BSPDNSs) represent perhaps the most transformative architectural shift in chip
design. By introducing power connections on the underside of the wafer, BSPDNs decouple power and signal routing,
dramatically improving efficiency and enabling thinner, more uniform power grids. This structural reorganization offers
key advantages for Al chips, including greater flexibility in floor-planning, timing optimization, and reduced IR drop.
However, implementation challenges remain, including the need for new process flows, material advancements, and
handling of extremely fragile dies.

The market is also witnessing a surge in specialized Al chip startups and significant investments from established
players. Companies like Cerebras with its Wafer-Scale Engine 3 (WSE-3) are pushing boundaries with massive chips
containing up to 4 trillion transistors and 900,000 Al-focused cores on a single unit. Tesla’s Dojo D1 similarly houses 1.25
trillion transistors and nearly 9,000 cores per module. These wafer-scale processors eliminate delays and energy losses
common in multi-chip systems, offering performance advantages for large-scale Al workloads.

Advanced packaging technologies are becoming increasingly critical for Al chip performance. TSMC’s CoWoS
(Chip-on-Wafer-on-Substrate) technology has seen surging demand amid the Al boom, with NVIDIA's CEO noting a
quadrupling of capacity in less than two years. This technology enables chips like GPUs, CPUs, and high bandwidth
memory to be placed closer together, boosting performance, speeding up data flow, and reducing energy consumption.

The thermal management challenge has become particularly acute as Al chips push into higher power densities.
Traditional cooling methods are proving inadequate for chips operating at kilowatt levels. Innovative approaches like
microfluidic cooling, vapor chambers, and double-sided heat extraction are gaining traction. Indium alloy Thermal
Interface Materials (TIMs) with thermal conductivity of approximately 80 W/m-K are being deployed, requiring
specialized backside metallization of dies with materials like Ti/Au or Ni/Au. The uniform application of these TIMs with
minimal voids is critical o preventing hotspots that could degrade reliability and force thermal throttling, which sharply
reduces performance.

The emergence of specialized Al memory solutions is another frontier in the market. Micron Technology has gained
prominence with its SOCAMM (small outline compression attached memory module) technology, a modular LPDDR5X
memory solution specifically designed for Al servers. This technology represents a significant advancement in memory
architecture for Al applications, with Micron claiming its latest LPDDR5X chips are 20% more power-efficient than
competitors’. Each Al server can house four SOCAMM modules—256 DRAM chips in total—highlighting the scale of
memory integration required for advanced Al systems.

Geopolitical factors are significantly influencing market dynamics, with Al chips emerging as strategic assets in
international relations. Recent export controls and trade tensions between the US and China are reshaping supply chains
and investment patterns. The US CHIPS Act, aimed at tripling domestic semiconductor production by 2032, represents a
strategic effort to secure critical infrastructure and reduce dependence on foreign manufacturing. Meanwhile, China is
accelerating development of domestic alternatives, with companies like Huawei gaining ground with its Ascend chips.

The competitive landscape is evolving rapidly with new entrants challenging established players. EnCharge Al has
introduced a novel approach to analog Al computing that measures charge rather than current flow, potentially
overcoming the signal-to-noise limitations that have hindered previous analog Al implementations. Their EN100 chip
claims performance per watt up to 20 times better than competing solutions, targeting energy-efficient Al applications
in laptops and workstations. This innovation represents a potential breakthrough in addressing Al's enormous energy
appetite through fundamental architectural changes.

For businesses navigating this rapidly evolving landscape, strategic considerations should include:

* Evaluating power delivery innovations that can support next-generation Al workloads while managing thermal
constraints

* Monitoring material advancements that may provide competitive advantages in chip performance and reliability
+ Assessing the implications of architectural shifts like BSPDNs on product roadmaps and design strategies

 Developing contingency plans for supply chain disruptions due to geopolitical tensions
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« Considering the total cost of ownership for Al infrastructure, including power consumption and cooling
requirements

+ Exploring specialized Al chip solutions that may offer better performance-per-watt for specific workloads
+ Investigating emerging memory technologies that can address the data movement bottleneck in Al systems

 Evaluating the potential of analog computing approaches for energy-efficient Al deployment

As the market continues to evolve, collaboration across disciplines—from silicon design to packaging to system
integration—will be essential for addressing the multi-physics challenges of next-generation Al chips. The companies
that succeed will be those that can effectively balance the competing demands of performance, power efficiency,
thermal management, and reliability while navigating an increasingly complex geopolitical landscape.

Strategic Imperatives for Stakeholders

As the Al revolution accelerates, stakeholders across the semiconductor ecosystem face unprecedented challenges and
opportunities that demand strategic realignment. The shift toward kilowatt-scale Al chips has created cascading design
constraints that extend from memory hierarchies to power delivery networks, requiring a holistic approach that
transcends traditional silos between silicon, packaging, and system design.

Power delivery has emerged as a critical bottleneck in Al infrastructure development. With Al accelerators now
consuming between 700-1,400 watts per chip, traditional lateral power delivery architectures are proving inadequate.
Every milliohm of resistance translates into watts of heat that must be dissipated, creating a complex interplay between
electrical, thermal, and mechanical considerations. Forward-thinking stakeholders must pivot toward vertical power
delivery networks that embed voltage regulation and capacitive solutions directly within the substrate, dramatically
reducing impedance and freeing up valuable routing space for critical signals.

The economics of power efficiency have become increasingly compelling. A marginal 5% improvement in power delivery
efficiency can translate to millions in operational savings at hyperscale deployments. For instance, a 10,000-server Al
cluster operating at 85% power efficiency versus 80% can reduce annual energy costs by approximately $4.2 million
while simultaneously decreasing carbon emissions by thousands of metric tons. These economic realities are driving
unprecedented investment in power delivery innovation.

Thermal management represents another strategic imperative. The transition to backside power delivery and 3D
stacking has intensified heat concentration, making traditional cooling solutions insufficient. Stakeholders must invest in
multi-scale thermal management techniques, including advanced thermal interface materials (TIMs) with high thermal
conductivity (approximately 80 W/m-K) and minimal void formation. Double-sided heat extraction, vapor chambers,
and microfluidic cooling are rapidly becoming essential rather than optional for enabling Al performance at scale.

The thermal challenge extends beyond the chip to the entire data center ecosystem. Recent deployments of Al
infrastructure have pushed power density requirements to 50-100 kW per rack, far exceeding the 15-20 kW capacity of
traditional air-cooled data centers. This has catalyzed innovation in immersion cooling technologies, with several
hyperscalers now deploying two-phase immersion systems that can handle densities exceeding 200 kW per rack. The
economics are compelling: despite higher upfront costs, these advanced cooling solutions can reduce total cost of
ownership by 25-30% over a five-year period.

Material innovation offers a competitive edge in this landscape. The industry’s shift toward molybdenum for local
interconnects exemplifies how material science can address fundamental physics challenges. With its shorter electron
mean free path and superior performance in confined geometries, molybdenum provides up to 50% lower contact
resistance compared to traditional tungsten metallization. Stakeholders who invest in advanced materials research gain
a significant advantage in managing the extreme power densities characteristic of Al workloads.

Beyond molybdenum, emerging dielectric materials are revolutionizing power delivery efficiency. Ultra-low-k dielectrics
with dielectric constants below 2.0 are enabling faster signal propagation and reduced parasitic capacitance, while
high-k dielectrics are enhancing capacitor density in power delivery networks. The interplay between these materials
creates new opportunities for optimizing both signal and power integrity in next-generation Al chips.

System-level co-optimization represents perhaps the most transformative strategic imperative. The days of sequential
design flows are over; power delivery networks, thermal profiles, mechanical stresses, and floorplans must be modeled
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as interdependent systems from the earliest design stages. This requires unprecedented collaboration between silicon
architects, packaging engineers, and system designers. Companies that establish effective cross-domain feedback
loops between voltage integrity, electromagnetic interference, thermal simulation, and power-aware verification will
achieve superior performance and reliability.

This co-optimization extends to the software stack as well. Dynamic voltage and frequency scaling (DVFS) algorithms
must evolve to account for the unique power profiles of Al workloads, which often exhibit dramatic swings between
compute-intensive and memory-bound phases. Leading organizations are developing workload-aware power
management systems that can anticipate these transitions and proactively adjust voltage regulators and cooling
systems to maintain optimal performance while minimizing energy consumption.

For technology leaders evaluating Al chip investments, several considerations are paramount:

+ Diversify supply chains and explore local manufacturing options to reduce dependency on tariff-affected imports
* Invest in modular designs and standardization to lower production costs amid trade uncertainties

« Utilize cloud-based platforms for firmware updates to minimize hardware changes

* Implement predictive analytics to optimize inventory and anticipate tariff shifts

* Form strategic partnerships with regional players to improve supply chain resilience

« Engage actively in policy discussions to influence favorable trade conditions

The geopolitical dimension adds another layer of complexity. Al chips have become the "coin of the realm” in
international trade negotiations, serving as currency in geopolitical talks. Strategic investments in sovereign Al
infrastructure, such as Saudi Arabia’s partnership with Nvidia for 18,000 Blackwell chips, represent more than $50
billion annually in a global Al infrastructure market worth $450-500 billion. These developments highlight how Al chips
have transcended their technical function to become instruments of national strategic importance.

The emergence of sovereign Al initiatives is reshaping global semiconductor supply chains. Countries are increasingly
viewing domestic Al chip production capability as essential o national security and economic competitiveness. This has
accelerated investment in regional semiconductor ecosystems, with governments offering substantial incentives to
attract manufacturing and design expertise. For instance, the European Chips Act has mobilized €43 billion to
strengthen Europe’s semiconductor supply chain, while Japan has committed $6.8 billion to revitalize its domestic chip
industry.

The economics of these sovereign Al investments extend beyond national security concerns. Domestic chip production
can reduce exposure to supply chain disruptions, which cost the global economy an estimated $500 billion in 2021 alone.
Additionally, localized production can decrease transportation costs and carbon emissions associated with global
semiconductor logistics, which typically account for 3-5% of a chip’s total carbon footprint.

Ultimately, stakeholders who recognize that power delivery is no longer a back-end consideration but a front-line
constraint shaping how Al chips are designed and manufactured will be best positioned to capitalize on the Al revolution.
The path forward requires deep collaboration across disciplines, breaking down the silos that have traditionally
separated silicon, packaging, and system design. While the cost and complexity of these solutions are high, the
payoff—measured in performance, efficiency, and scalability—will be transformative for organizations that successfully
navigate this new landscape.

Critical Success Factors in the Al Chip Ecosystem

The Al chip ecosystem’s success hinges on several interconnected factors that collectively determine competitive
advantage and market leadership. Power delivery and thermal management have emerged as fundamental challenges
as Al workloads grow increasingly complex. With chips like NVIDIA’s Blackwell ranging from 700 to 1,400 watts,
traditional lateral power delivery methods have become inadequate. The industry is pivoting toward vertical power
delivery networks (BSPDNs) that embed power rails directly under the die, dramatically reducing impedance and freeing
up top-side routing for critical signals. This architectural shift requires multi-disciplinary collaboration across packaging,
materials science, and system integration.

Advanced materials innovation represents another critical success factor. The transition from tungsten to molybdenum
in local interconnects offers up to 50% lower contact resistance and superior performance in confined geometries below
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20nm. Molybdenum'’s shorter electron mean free path makes it particularly advantageous for Al chips where line widths
continue to shrink, helping mitigate electromigration risks at the high current densities common in Al workloads.
Similarly, thermal interface materials (TIMs) with high thermal conductivity, such as indium alloys at approximately 80
W/m-K, are essential for efficient heat dissipation. The quality of TIM application—ensuring minimal voids and uniform
coverage—directly impacts system reliability and performance sustainability.

System-level co-optimization has become non-negotiable for market leaders. The days of sequential design processes
are over; silicon architects, packaging engineers, and system designers must collaborate from the earliest stages
through system technology co-optimization (STCO). This approach treats power delivery networks, thermal profiles,
mechanical stresses, and floorplans as interdependent systems rather than isolated components. Companies that excel
at cross-domain feedback loops between voltage integrity, electromagnetic interference, thermal simulation, and
power-aware verification gain significant competitive advantages in both performance and time-to-market.

Geopolitical agility has emerged as an unexpected but crucial success factor. Export controls and shifting trade policies
have created a complex landscape where companies must navigate regulatory constraints while maintaining
technological leadership. Successful players are developing region-specific chips that comply with export rules while
preserving competitiveness, as evidenced by NVIDIA's strategy to create tailored offerings for different markets.
Companies with geographically diversified R&D and production capabilities can better withstand supply chain
disruptions and regulatory changes.

Sovereign Al infrastructure development represents a growing opportunity, with nations investing billions to establish
domestic Al computing capabilities. These initiatives often involve partnerships between chipmakers, cloud providers,
and governments to build data centers optimized for Al workloads. Companies that can position themselves within these
sovereign Al ecosystems—through technology transfer, local manufacturing, or strategic partnerships—gain access to
substantial funding streams and protected markets.

Manufacturing innovation, particularly in advanced packaging technologies, has become a differentiator in the Al chip
race. Techniques like Chip-on-Wafer-on-Substrate (CoWoS) are critical for integrating high-bandwidth memory with
processors. The ability to scale these advanced packaging capabilities is increasingly separating market leaders from
followers. Companies with expertise in both chip design and packaging integration can deliver superior performance
per watt, a metric that directly impacts data center economics.

Finally, software ecosystem development remains a decisive factor in market success. Hardware advantages alone are
insufficient; leading companies must build comprehensive software stacks that enable developers to efficiently utilize
their chips. This includes optimized libraries, frameworks, and development tools that abstract hardware complexity
while maximizing performance. The strength of a company’s developer ecosystem often determines whether its
technical advantages translate into sustained market adoption and revenue growth.
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