Chips ahoy

The semiconductor

250 years of US innovation | Issue 5

ebruary ' .
Chief Investment Office GWM

Investment Research




5
i)

">

Ulrike Hoffmann-Burchardi
Chief Investment Officer Americas
and Global Head of Equities

Delwin Limas
Equity Strategist

Editorial Infographic

The history lesson A modern view

Chips ahoy

For many, the mythology of the information technology sec-
tor’s rise begins in a modest garage somewhere in the neigh-
borhood of Menlo Park or Santa Clara, California. But that's
not quite how it all started.

Before Silicon Valley became today's hub, or central process-

dominate today, but the industry benefited from government
procurement to provide a kickstart.

After having lost substantial market share to Japanese produc
ers of memory chips in the 1980s, the US sought and achieved
market access concessions from Japan in 1986 in exchange for
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discoveries dotting the US landscape along the way. For exam- working to revive some of the early dynamism of semiconduc
ple, in the 1940s and 1950s, scientists at Bell Labs—a subsidi- tor production, exemplified by initiatives like the 2022 Creat-
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into early transistors. A few years later and thousands of miles
to the south in Dallas, Texas, researchers at a much smaller
firm, originally founded for oil exploration, developed the first
commercially viable silicon-based transistor. That breakthrough
paved the way for that small firm to become one of the early
titans of the microchip: Texas Instruments. Then, back on the
Pacific Coast in Palo Alto, California, the first commercially via-
ble integrated circuit was born at a company called Fairchild
Semiconductor. Robert Noyce and Gordon Moore resigned

tificial intelligence (Al) arms race, the harsh realities of supply
bottlenecks during COVID-19, and the susceptibility to losing
access to the critical minerals needed to manufacture semicon-
ductors are all factors driving today’s policy decisions.

Ahoy, the Al race is on, helping to spur additional spending
on semiconductor research, manufacturing, and design. The
US semiconductor industry remains at the cutting edge of
chip design, but it lags in manufacturing capabilities. While
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sounding commercial success. Government assistance of
transformational technologies is nothing new. It played a large
role in the building of the transcontinental railroad (Issue 1, 27
October 2025) and the viability of commercial aviation (Issue
3, 17 December 2025). Private-sector sales of semiconductors
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Infographic

The speed at which technology has grown is staggering, and
the invention of the microchip played a pivotal role in this
evolution. The domino effect that began with the creation of
the first transistor has led to the modern adoption of Al, and
comparing the power of something as ubiquitous as today’s
common smartphone to the computer behind the Apollo
missions shows how far we've come in just a few short de-
cades. The science behind semiconductors is equally as ever
evolving, and the industry’s scale has reached unprecedented
levels, making waves across markets and innovation.
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The history lesson

The microchip, or integrated circuit (IC), forms the backbone
of modern electronics. Its invention and subsequent evolu-
tion have fundamentally transformed industries, economies,
and daily life—enabling technologies ranging from smart-
phones to supercomputers.

A pivotal milestone in microchip history was the invention of
the transistor at Bell Labs in 1947. Transistors, which amplify
or switch electrical signals, are the essential building blocks
of integrated circuits. In the 1950s, transistors were large and
cumbersome, primarily used in radios and room-sized com-
puters. In April 1954, a Texas Instruments (TI) team led by
Gordon Teal developed and commercialized the first silicon
transistor, whose high-temperature performance made sili-
con transistors superior to earlier germanium-based transis-
tors for military and industrial applications. In 1957, Jay Lath-
rop advanced the field by developing photolithography—a
process utilizing light to etch intricate patterns onto semicon-
ductor materials. By inverting a microscope lens to shrink
these patterns, Lathrop enabled the miniaturization of tran-
sistors, paving the way for compact integrated circuits.

The late 1950s marked the true beginning of the microchip

era, as two engineers independently developed the first inte-
grated circuits. In 1958, Jack Kilby at Tl successfully integrated
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all components of an electronic circuit onto a single piece of
semiconductor material, creating the first microchip. In 1959,
Robert Noyce at Fairchild Semiconductor filed a patent for the
first practical microchip using silicon—a more effective mate-
rial for mass production—thus laying the groundwork for the
modern microchip. These inventions accelerated the rapid
technological progress in the semiconductor industry.

The first microchips contained just four transistors, were
priced at approximately USD 31 in 1960 (equivalent to
roughly USD 330 in 2025 dollars) and were deployed in mili-
tary and aerospace applications (see Fig. 1). Their compact
size, reliability, and efficiency made them ideal for space mis-
sions. For example, the US Air Force utilized them in its Min-
uteman Il missile guidance systems, and the National Aero-
nautics and Space Administration incorporated them into the
Apollo projects.

Advancements in lithography have enabled the exponential
progress described by Moore’s Law—named after Gordon
Moore, co-founder of Intel—which predicts that the number
of transistors on a microchip doubles every two years (see
Fig. 2). This principle has become the industry standard for
chip design, resulting in dramatic increases in computing
power and significant reductions in cost. By the early 1970s,
substantial investment by the US Department of Defense fa-
cilitated mass production of microchips, which drove the unit
cost of these earlier models down to USD 1.25. As Fred Ka-
plan, author of “1959: The Year Everything Changed” notes,
"It was the government that created the large demand that
facilitated mass production of the microchip.” Over more
than five decades, ongoing breakthroughs in lithographic
techniques have driven aggressive scaling of process node
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dimensions, shrinking feature sizes from thousands of nano-
meters in the 1970s to just a few nanometers today.

Up to this point, microchips were designed to perform single,
specific computing tasks. This changed in 1971 with the re-
lease of the Intel 4004—one of the first commercially avail-
able microprocessors. For the first time, the functions of an
entire computer central processing unit were integrated onto
a single silicon chip. This innovation marked the advent of

Figure 1
US military facilitated commercial adoption of semiconductor
US integrated circuit sales as a share of total, in %
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Source: John A. Alic, Lewis M. Branscomb, Harvey Brooks, Ashton B. Carter, and
Gerald L. Epstein, “Beyond Spinoff: Military and Commercial Technologies in a
Changing World” (1992), UBS as of 8 February 2026

widespread logic chip adoption in consumer electronics and
signaled the onset of the digital revolution. As a result, prod-
ucts became smaller, faster, and more affordable. Early appli-
cations included calculators, hearing aids, and, eventually,
the first personal computers.

During the same era, memory chips emerged as a solution for
data storage. The first commercially available random access
memory (RAM) and read-only memory (ROM) chips appeared

Figure 2
A doubling of transistors every two years

Number of transistors and size of nodes (in nm) versus producer price index for
integrated circuits, log scale
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Source: K. Rupp, “Microprocessor Trend Data” (2022) available under a Creative
Commons Attribution 4.0 International Public License, St. Louis Federal Reserve, UBS
estimates, UBS as of 8 February 2026
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in the 1960s and 1970s, allowing devices to execute software
and retain essential instructions. As technology advanced,
memory chips increased in both capacity and speed.

The 1970s and early 1980s proved to be a period of rapid
productivity growth for the emerging semiconductor indus-
try sector. According to the Bureau of Labor Statistics, output
per hour advanced 13% on an annualized basis from 1972 to
1986 even as overall US productivity grew only 2% (see Fig.
3). Employment in the industry grew steadily, but output
grew more than twice as fast. Improved manufacturing pro-
cesses boosted production volumes, which enabled chip
prices to decline and yielded far broader adoption across a
range of new applications.

International competition in the semiconductor industry
emerged rapidly. By the late 1970s, Japan had become a ma-
jor producer of semiconductors. According to Laura D'An-
drea Tyson in “Who's bashing whom?: Trade conflict in
high-technology industries” (1992), US market share of dy-
namic random-access memory (DRAM) chips plummeted
from 70% to 20% between 1978 and 1986 as the Japanese
market share jumped from under 30% to around 75%.

In 1986, the two countries signed the US-Japan Semicon-
ductor Agreement, establishing a government-supported
framework that effectively fixed microchip prices and limited
Japan'’s exports of DRAM chips to the US. Following the
agreement, the US maintained its leadership in microchip
manufacturing relative to global competitors for more than
two decades at the cost of higher prices for semiconductor
purchasers. However, the US eventually began to shift its
strategic focus toward design, innovation, and research and
development (R&D), which was accompanied by reduced
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Figure 3
Rapid early advances in semiconductor productivity

Annual change in output per hour for the semiconductor industry and nonfarm
business sector, in %
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Source: Mark Scott Sieling, “Monthly Labor Review: Semiconductor productivity
gains linked to multiple innovations” (1988), Bureau of Labor Statistics, UBS as of
9 February 2026

capital investment and increased outsourcing of chip manu-
facturing to overseas foundries.

Notably over the past three decades, Taiwan has also been
strategically positioning the semiconductor industry as a cor-
nerstone of its national competitiveness. Through targeted
industrial policy, including significant investments in R&D and
the recruitment of US-trained Taiwanese engineers and man-
agers, Taiwan established the Hsinchu Science Park in the
1980s. This initiative has since evolved into a global power-
house for chip manufacturing.

Figure 4
Semiconductor stocks outperformed over the long term

Annualized total return by decade for the semiconductor industry, the
technology sector and the overall S&P 500, in %
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Source: Refinitiv Datastream, UBS as of 9 February 2026

Semiconductor stocks outperformed the technology sector
and the broad S&P 500 in the early years but then underper-
formed in the late 1980s as DRAM prices collapsed and
growing competition from Japanese companies undercut
margins and prompted rising trade tensions (see Fig. 4). The
production of increasingly complex microprocessors required
greater capital investment than earlier fabrication methods,
pressuring free cash flow. However, this underperformance
proved short-lived, as semiconductor companies leapt ahead
in the 1990s and have remained at the forefront ever since.
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A modern view

Today, specialized chips are engineered to address increas-
ingly diverse requirements. Graphics processing units (GPUs),
originally designed for rendering video game graphics, are
now critical for artificial intelligence (Al) applications owing
to their ability to perform millions of parallel calculations—
ideal for deep learning and large-scale data analysis. Neural
processing units (NPUs), optimized for embedded Al, enable
rapid on-device processing in smartphones, voice assistants,
and autonomous vehicles.

Microchip innovation has powered a sweeping digital trans-
formation, embedding computation into daily life and con-
necting billions through personal computing, mobile devices,
and the internet. This wave has democratized access to infor-
mation, education, and services, reshaped communication
and commerce, and catalyzed health care advances. It has
also turbocharged automation and workforce productivity,
lifting economic growth and tightening global connectivity.
This same momentum brings new complexity, as data privacy
and cybersecurity emerge as central challenges in a world
that runs on silicon.
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GPUs have become the backbone of modern Al compute.
They are designed to handle thousands of tasks simultane-
ously, a concept known as parallelism. This makes them
uniquely suited for the large-scale matrix operations required
in machine and deep learning, where massive computational
power is needed. Modern GPUs feature thousands of stream
processing cores, high-bandwidth memory (HBM), and ad-
vanced interconnects, supporting rapid training and infer-
ence of complex neural networks. For data center operators,
renting out high-end GPUs often yields a significant margin,
as the operational cost is around 40 cents per GPU per hour
compared to the much higher rental revenue (see Fig. 5).

Figure 5
GPU hourly rental price exceeds estimated operational cost
Silicon Data H100 Rental Price Index, in USD per GPU per hour
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Source: Bloomberg, UBS as of 9 February 2026
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Importantly, GPUs are essential for training frontier Al models
(such as OpenAl’s ChatGPT, xAl's Grok, Anthropic’s Claude).
As such, their scalability and support for Al-optimized frame-
works have made GPUs indispensable for data centers and
cloud Al workloads, driving exponential growth in model size
and performance (see Fig. 6).

To optimize the efficiency of modern high-performance com-
puting, the industry has been shifting from traditional chip
placement to advanced packaging techniques that minimize
the distance between compute, memory, and networking
components. Chip-on-Wafer-on-Substrate (CoWoS) serves as

Figure 6

The training compute of notable Al models has been
doubling roughly every six months

Training compute floating point operations per second (FLOP) versus publication date
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Source: Robi Rahman and David Owen, “The training compute of notable Al models
has been doubling roughly every six months” (2024) published online at epoch.ai,
UBS as of 9 February 2026

the current foundational 2.5D packaging technology for Al
accelerators, utilizing a silicon layer, or interposer, to bridge
the gap between logic and memory. By mounting high-per-
formance processors and HBM stacks onto this intermediate
silicon layer, CoWoS enables thousands of dense intercon-
nections that far exceed the data rates of a standard circuit
board. This architecture has become the gold standard for
modern GPUs, as it provides the massive memory bandwidth
required to feed large language models while keeping power
consumption low through shortened electrical paths.

As Al clusters demand even larger surface areas for chip inte-
gration, Chip-on-Panel-on-Substrate (CoPoS) is emerging as
the scalable successor to wafer-based methods. Unlike Co-
WoS, which is constrained by the circular dimensions of a
300mm silicon wafer, CoPoS utilizes large, rectangular pan-
els—often made of glass or organic materials—to house a
significantly higher number of chiplets, those small, special-
ized chips that perform specific functions, and HBM mod-
ules. This transition to panel-level packaging not only im-
proves manufacturing efficiency by reducing material waste
at the edges but also allows for the creation of massive “su-
perchips” that would be physically impossible to manufac-
ture on a standard wafer.

While CoWoS and CoPoS focus on internal chip connectivity,
Co-Packaged Optics (CPO) addresses the critical bottleneck of
external data transmission by bringing fiber-optic signals di-
rectly into the chip package. By integrating photonic engines
alongside the silicon compute die, CPO eliminates the need for
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long, power-hungry copper traces that typically carry data to
separate transceiver modules. This shift to light-based commu-
nication at the package level drastically reduces latency and
heat generation, providing the essential bandwidth “highway"”
needed for next-generation data centers to communicate at
speeds of 1.6 terabits and beyond.

Since 2022, total available computing capacity from Al chips
across major designers has increased by roughly 3.4x per year
(see Fig. 7), supporting the development of increasingly so-
phisticated models and accelerating broad-based consumer
adoption. NVIDIA Al chips currently account for over 60% of
total compute, with Google and Amazon comprising much of
the remaining share.

Interestingly, while GPUs are central to operations at frontier
Al data centers, they account for only about 40% of total
power consumption during peak periods. The majority of en-
ergy is consumed by power inefficiencies, cooling systems,
and interconnects between chips within the data center.

The US currently leads global Al development, primarily
owing to its advantages in computational resources and
semiconductor innovation. As of 2025, the US accounts
for roughly 75% of global GPU cluster performance, with
China in second place at around 15% (see Fig. 8).

In the fourth quarter 2025 earnings season, several key com-
panies sharply raised their capex projections (see Fig. 9).
Strong demand visibility drove upward revisions to revenue,
but this has also required management teams to materially
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increase capital spending. At the midpoint of their respective
guidance ranges, the Big Three internet companies (Alpha-
bet, Meta, and Amazon) guided to capex levels roughly 30%
above initial consensus expectations.

Including Microsoft and Oracle, total capital expenditure for
the top five hyperscalers now stands at USD 630bn for calen-
dar year (CY) 2026 and USD 729bn for CY27. This represents

Figure 7
Global Al computing capacity is doubling every seven months
Cumulative compute capacity, in millions of NVIDIA H-100 equivalent units
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Source: FactSet, UBS as of 9 February 2026

upward revisions of 18% and 20%, respectively, versus con-
sensus estimates as of 31 December 2025.

While aggregate revenue and operating cash flow estimates
were revised higher, the increase in capex has driven a sharp
downward revision to free cash flow (FCF). For the largest Al
spenders, consensus FCF expectations are now USD 91bn in
2026 and USD 149bn in 2027—down 49% and 38%,

Figure 8
The US hosts the majority of GPU cluster performance
Share of aggregate performance (16-bit FLOP/s), in %
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performance, followed by China” (2025) published online at epoch.ai, UBS as of
9 February 2026
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respectively, compared with year-end 2025 estimates. Lower
expected FCF likely constrains further upside revisions to cap-
ital investment and may signal that we are approaching peak
spending growth. Meta has also indicated the potential to
move to a net debt positive balance sheet, meaning debt
could exceed cash, implying that capex may surpass internally
generated cash flow. While this outcome is possible, we be-
lieve it would likely be constrained by shareholder response
and would represent peak capex funding capacity.

While we acknowledge the risk of a midcycle slowdown in
capex buildouts over the next 12-24 months, we believe the
medium-term outlook for capex spending remains robust.
We estimate total capex could reach USD 1.3 trillion by 2030,
implying a 25% compound annual growth rate from 2025 to
2030. To justify this level of investment, productivity gains of
roughly USD 6 trillion by 2030, around 10% of today’s global
labor market, would be required. We view this hurdle as
achievable, supported by historical productivity trends and
the broad, cross-sector deployment of Al technologies.

Semiconductors sit at the intersection of national security,
economic leadership, and technological sovereignty, making
the industry a focal point of geopolitical competition. For the
US, supply chain fragility and rising tensions have reinforced
the priority to regain its technical edge in design and manu-
facturing. Federal efforts, including incentives under the
2022 CHIPS and Science Act, aim to expand domestic fabri-
cation, fund research, and build a skilled workforce. The stra-
tegic objective is to secure access to leading edge technolo-
gies and reduce reliance on foreign suppliers, with
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implications that stretch from commercial Al to defense sys-
tems and critical infrastructure edge technologies. The global
race is intensified by US export controls on advanced equip-
ment and Al chips, as well as by China’s push for self-suffi-
ciency. Leading Chinese firms are developing domestic Al
chips and software to cut dependence on foreign technolo-
gies, while local chipmakers scale production to meet robust
domestic demand. Backed by state-aligned capex, foundries
are addressing yield and tooling constraints. Based on recent
adoption trends in data center infrastructure, we estimate
the localization rate for domestically made GPU chips in
mainland China could approach 40% by 2027.

The rise of interconnected deals among leading Al firms
evokes echoes of dotcom-era vendor financing, though to-
day’s structures and disclosures are far more rigorous. At its
peak, vendor financing from North American suppliers ex-
ceeded 120% of their pretax earnings, a staggering figure.
While vendor financing still plays a role in the market, its
scale has diminished. We estimate that NVIDIA’s current
collaborations represent around 10% of its forecasted pre-
tax earnings for 2026. Even so, the experience of the dot-
com era serves as a cautionary tale: Vendor financing re-
mains a potential risk that warrants close monitoring in the
coming quarters.

Stepping back, the scale of today’s Al infrastructure buildout
is unprecedented, on track to become the largest megaproject
in human history. What began decades ago with the inven-
tion of the microchip has evolved into a global race toward ar-
tificial general intelligence (AGI), alongside a shift to a digital

Figure 9
Estimates of hyperscaler capex continue to rise
Annual consensus capital expenditures estimates, in USD bn
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asset—or token-based—economy in which Al tokens serve
as the fundamental unit of value for computing, data, and
intelligence. As Al adoption accelerates, chips will play an in-
creasingly central role, not only in powering this transforma-
tion, but also in capturing a growing share of the resulting
economic value and productivity gains in the years ahead.
Semiconductors, therefore, remain a cornerstone of our A/
Transformational Innovation Opportunity (TRIO).
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zation you may receive back less than you invested or may be required to pay more. Changes in
foreign exchange rates may have an adverse effect on the price, value or income of an invest-
ment. The analyst(s) responsible for the preparation of this report may interact with trading desk
personnel, sales personnel and other constituencies for the purpose of gathering, synthesizing
and interpreting market information.

Different areas, groups, and personnel within UBS Group may produce and distribute separate
research products independently of each other. For example, research publications
from CIO are produced by UBS Global Wealth Management. UBS Global Research is produced
by UBS Investment Bank. Research methodologies and rating systems of each separate
research organization may differ, for example, in terms of investment recommendations,
investment horizon, model assumptions, and valuation methods. As a consequence, except for
certain economic forecasts (for which UBS CIO and UBS Global Research may collaborate),
investment recommendations, ratings, price targets, and valuations provided by each of the
separate research organizations may be different, or inconsistent. You should refer to each rele-
vant research product for the details as to their methodologies and rating system. Not all clients
may have access to all products from every organization. Each research product is subject to the
policies and procedures of the organization that produces it.

The compensation of the analyst(s) who prepared this report is determined exclusively by research
management and senior management (not including investment banking). Analyst compensa-
tion is not based on investment banking, sales and trading or principal trading revenues, how-
ever, compensation may relate to the revenues of UBS Group as a whole, of which investment
banking, sales and trading and principal trading are a part.
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Tax treatment depends on the individual circumstances and may be subject to change in the
future. UBS does not provide legal or tax advice and makes no representations as to the tax
treatment of assets or the investment returns thereon both in general or with reference to spe-
cific client’s circumstances and needs. We are of necessity unable to take into account the par-
ticular investment objectives, financial situation and needs of our individual clients and we would
recommend that you take financial and/or tax advice as to the implications (including tax) of
investing in any of the products mentioned herein.

This material may not be reproduced or copies circulated without prior authority of UBS. Unless
otherwise agreed in writing UBS expressly prohibits the distribution and transfer of this material
to third parties for any reason. UBS accepts no liability whatsoever for any claims or lawsuits from
any third parties arising from the use or distribution of this material. This report is for distribution
only under such circumstances as may be permitted by applicable law. For information on the
ways in which CIO manages conflicts and maintains independence of its investment views and
publication offering, and research and rating methodologies, please visit www.ubs.com/
research-methodology. Additional information on the relevant authors of this publication and
other CIO publication(s) referenced in this report; and copies of any past reports on this topic; are
available upon request from your client advisor.

Important Information About Sustainable Investing Strategies: Sustainable investing
strategies aim to consider and incorporate environmental, social and governance (ESG) factors
into investment process and portfolio construction. Strategies across geographies approach ESG
analysis and incorporate the findings in a variety of ways. Incorporating ESG factors or Sustainable
Investing considerations may inhibit UBS's ability to participate in or to advise on certain invest-
ment opportunities that otherwise would be consistent with the Client’s investment objectives.
The returns on a portfolio incorporating ESG factors or Sustainable Investing considerations may
be lower or higher than portfolios where ESG factors, exclusions, or other sustainability issues are
not considered by UBS, and the investment opportunities available to such portfolios may
differ.

External Asset Managers / External Financial Consultants: In case this research or publica-
tion is provided to an External Asset Manager or an External Financial Consultant, UBS expressly
prohibits that it is redistributed by the External Asset Manager or the External Financial Consultant
and is made available to their clients and/or third parties.

USA: Distributed to US persons only by UBS Financial Services Inc. or UBS Securities LLC, subsid-
iaries of UBS AG. UBS Switzerland AG, UBS Europe SE, UBS Bank, S.A., UBS Brasil Administradora
de Valores Mobiliarios Ltda, UBS (Brasil) Corretora de Valores S.A., UBS Asesores Mexico, S.A. de
C.V,, UBS SuMi TRUST Wealth Management Co., Ltd., UBS Wealth Management Israel Ltd and
UBS Menkul Degerler AS are affiliates of UBS AG. UBS Financial Services Inc. accepts respon-
sibility for the content of a report prepared by a non-US affiliate when it distributes
reports to US persons. All transactions by a US person in the securities mentioned in
this report should be effected through a US-registered broker dealer affiliated with
UBS, and not through a non-US affiliate. The contents of this report have not been and
will not be approved by any securities or investment authority in the United States or
elsewhere. UBS Financial Services Inc. is not acting as a municipal advisor to any munic-
ipal entity or obligated person within the meaning of Section 15B of the Securities
Exchange Act (the “Municipal Advisor Rule”) and the opinions or views contained
herein are not intended to be, and do not constitute, advice within the meaning of the
Municipal Advisor Rule.

For country information, please visit ubs.com/cio-country-disclaimer-gr or ask your client advisor
for the full disclaimer.

Additional Disclaimer relevant to Credit Suisse Wealth Management

You receive this document in your capacity as a client of Credit Suisse Wealth Management. Your
personal data will be processed in accordance with the Credit Suisse privacy statement accessible
at your domicile through the official Credit Suisse website. In order to provide you with market-
ing materials concerning our products and services, UBS Group AG and its subsidiaries may
process your basic personal data (i.e. contact details such as name, e-mail address) until you
notify us that you no longer wish to receive them. You can optout from receiving these materials
at any time by informing your Relationship Manager.

Except as otherwise specified herein and/or depending on the local Credit Suisse entity from
which you are receiving this report, this report is distributed by UBS Switzerland AG, authorised
and regulated by the Swiss Financial Market Supervisory Authority (FINMA).

Version A/2026. Cl1082652744

© UBS 2026. The key symbol and UBS are among the registered and unregistered trademarks of
UBS. All rights reserved.
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