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EXECUTIVE SUMMARY
The microelectronics sector, while of more
central importance to more industries than
ever before, is at a complex crossroads that
presents both new challenges and
opportunities for national security
requirements.

The Department of Defense has long
struggled with the divergence of the
commercial state of the art and its own
shrinking leverage in the marketplace.
Geopolitical competition and the
consolidation of the underlying
manufacturing base in ever more expensive
fabs overseas have only heightened the
urgency of implementing new approaches.

But as the pace of Moore’s Law continues to
slow, new approaches to further optimization
are impacting everything from chip design to
business models - dynamics that could offer
new context and considerations for securely
accessing high-end microelectronics for
military applications.

Published June 2021.
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Atlas Fulcrum is Second Front System’s subscription-based technology research and innovation
scouting platform to help government users discover and engage Venture Capital (VC)-backed,
commercially-developed technologies for national security missions. Specifically designed to
access “dual-use” (commercial and government) technologies, Atlas Fulcrum is supported by a
research team that combines deep understanding of national security mission requirements and
US Government customers with VC best practices. This custom support is combined with
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access these technologies.

Second Front Systems has operations in Washington, D.C. and San Francisco.
More information can be found at www.secondfront.com.

www.secondfront.com   |   All Rights Reserved   | 2021               p1

http://www.secondfront.com


MICROELECTRONICS

“[The Department of Defense is] not driving the market in any meaningful way…. Even
worse, when you go to a trusted foundry you almost automatically limit the generation
of technology that we’re using. Right now we are two generations behind in
microelectronics.”

-Dr. Mark J. Lewis
Acting Deputy Under Secretary of Defense for Research and Engineering;
Director of Defense Research and Engineering for Modernization1

INTRODUCTION
The microelectronics industry is at a complex inflection point simultaneously characterized by
seemingly contradictory dynamics of both concern and promise.

The Concerning:

● The end of Moore’s Law – the driving, once iron-clad cadence that defined the industry for
half a century;

● The maturation and consolidation of the core manufacturing industrial base in ever more
expensive fabs – largely overseas;

● Mounting geopolitical competition and supply chain risk factors in an increasingly
globalized industry.

The Promising:

● The ever-broadening adoption of and demand for microelectronics – particularly in the
context of the rollout of the fifth generation of wireless communication networks
commonly known as 5G;

● Specialized approaches to hardware architectures modeled on Graphics Processing Units
(GPUs) such as Tensor Processing Units (TPUs) tailored for machine learning algorithms;

● Expanding use of custom System-on-a-Chip (SoC) approaches now common on flagship
smartphones to broader applications such as laptops by leaders in commercial industry;

● New investment and the prospect of significant expansion of domestic US productive
capacity.

Microelectronics are obviously not fading in importance. In fact, they are of more fundamental,
central importance than ever before. But a series of momentous, interconnected fundamentals
are shifting – a moment that presents both new risks and new opportunities for a national

1 Jon Harper. “Pentagon reshuffles R&D priorities.” National Defense. June 2020.
https://www.nationaldefensemagazine.org/articles/2020/6/5/pentagon-reshuffles-rd-priorities.
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security community that, like the nation and the wider world, is ever more reliant on this
foundational component upon which all digital infrastructure rests.

BACKGROUND
The two most common types of microchip architectures are Application Specific Integrated
Circuits (ASICs) and Field Programmable Gate Arrays (FPGAs). ASICs are tailored - designed and
optimized for a specific purpose with the benefit of optimized performance and efficiency in that
application. GPUs are a common example. FPGAs, on the other hand, are more generic -
sacrificing optimization for any one application for greater economies of scale in production for a
broader range of applications. FPGAs, as ‘field programmable’ suggests, are better suited for
applications that require constant updates to algorithms such as wireless communications and
driver assistance systems.2 In the defense sector, FPGAs are commonplace on signal-processing
boards for applications such as sonar and radar.3 This clean distinction, however, is often blurred
in practice as FPGAs are increasingly tailored for more specific applications like Artificial
Intelligence (AI) or 5G, and both chip architectures encompass a wide range of products in terms
of complexity and sophistication.

Herein we focus on advanced, nanometer (nm)-scale integrated circuits – specifically, the
functioning product of microelectronics: the microchip, for which the density of transistors built
into a layer of silicon has long been the metric defining the current state of the art under Moore’s
Law:

“Gordon Moore’s 1965 forecast that the number of components on an integrated
circuit would double every year until it reached an astonishing 65,000 by 1975 is the
greatest technological prediction of the last half-century. When it proved correct in
1975, he revised what has become known as Moore’s Law to a doubling of transistors
on a chip every two years.”

-David Rotman
Editor-at-Large, MIT Technology Review4

While the demise of Moore’s Law has long been prophesied, the law has demonstrated marked
durability as the single, dominant characterization of technological progress for an entire industry.
Nevertheless, this two-year tempo has evinced mounting symptoms of slowing over the past two

4 David Rotman. “We’re not prepared for the end of Moore’s Law.” MIT Technology Review. February 2020.
https://www.technologyreview.com/2020/02/24/905789/were-not-prepared-for-the-end-of-moores-law/.

3 “FPGAs enhance military signal-processing applications.” Military & Aerospace Electronics. October 2006.
https://www.militaryaerospace.com/computers/article/16708553/fpgas-enhance-military-signalprocessing-application
s.

2 “What is an FPGA?.” Xilinx. https://www.xilinx.com/products/silicon-devices/fpga/what-is-an-fpga.html.
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decades. Figure 1., below, illustrates this history in terms of the defining paradigm of the day
driving continued attainment of Moore’s Law-forecast performance.

Figure 1. – Processor performance over time with the defining paradigm driving the continued attainment of Moore’s Law-forecast
performance baselined against the Digital Equipment Corporation’s (DEC’s) Virtual Address eXtension (VAX) VAX11-780, a
minicomputer first released in 1977 (logarithmic scale). Source: Xilinx via Computer Business Review.5

Reduced Instruction Set Computer (RISC) architectures, which are still dominant to this day in
many use cases, displaced Complex Instruction Set Computer (CISC) architectures in the 1980s.
However, as the manufacturing process of doubling the number of transistors on a given wafer of
silicon pushed nodes below 100nm at the turn of the century, multi-core processors (the stacking
of processor cores) were adopted in order to keep pace with industry and consumer demands.6

Intel, a major semiconductor producer, subsequently adopted a “tick-tock” cadence, alternating
between the core manufacturing process (the shrinking of individual transistors) and other
microarchitecture optimizations.7 Dennard Scaling and Amdahl’s Law, meanwhile, built upon
Moore’s Law with more nuanced predictions regarding related reductions in voltage and the
connection between optimization and time to replacement, respectively.8

8 Denard Scaling, also known as Metal Oxide Silicon Field Effect Transistor (MOSFET) scaling, was first put forth in 1974
by Robert Denard, who observed that the linear dimensions of a transistor are proportional to voltage and current. As
transistors shrank in size in accordance with Moore’s Law, so did the necessary voltage and current. The end of Denard
Scaling, however, came as the principle neglected to account for leakage current and threshold voltage which form the
baseline of power per transistor. In other words, as transistors shrink, power density increases. William Gropp. “Lecture
15: Moore’s Law and Dennard Scaling.” The University of Illinois. Available for download:
http://wgropp.cs.illinois.edu/courses/cs598-s15/lectures/lecture15.pdf.

7 “Intel Tick-Tock Model: The Tick-Tock Model Through the Years.” Intel.
https://www.intel.com/content/www/us/en/silicon-innovations/intel-tick-tock-model-general.html.

6 “We’re not prepared for the end of Moore’s Law.”

5 Ed Targett. “If Moore’s Law’s dead, what now for Silicon Valley? The CEOs of Arm, Micron, Xilinx have their say.”
Computer Business Review. https://www.cbronline.com/feature/silicon-valley-semiconductor-market.
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Such methods bought time, but more discernible cracks emerged in the effort to push below
10nm.9 Only a handful of established industry titans have fabs – where microchips are physically
manufactured – capable of producing 7nm chips and even fewer at the nascent 5nm level
(Taiwan Semiconductor Manufacturing Company (TSMC) just began 5nm volume production in
mid-2020 and plans to roll out 3nm capabilities in mid-2022).10,11 GlobalFoundries, the
manufacturing remnant of AMD’s 2008 decision to go “fab-less” and the most capable member of
the US Trusted Foundry program (despite being ultimately owned by the sovereign wealth fund of
the Emirate of Abu Dhabi), has since halted its efforts to pursue 7nm.12 The iconic Intel (where
Gordon Moore ceremonially remains chairman emeritus) also struggled with 7nm, delaying
product release to 2022 – a development foreshadowed by the delayed release of its first 10nm
chip, which followed a full five years after the release of the previous 14nm generation.13

Victor Peng, CEO of Xilinx, the company that invented Field Programmable Gate Arrays (FPGAs),
summarized this demise when he said that “Moore’s Law has run out of gas.”14 Chip designers are
now looking for new pathways to continue delivering on the rapid, sustained improvements in
performance, size, energy requirements, and cost to which even more industries have become
accustomed.15

This rapid pace of improvement over a half century has left many opportunities for further
optimization in its wake. The speed of progress resulted in inefficiencies such as sub-optimal
code or overly complex operating systems—problems often hidden due to the compensatory
processing ability of the chip itself. These opportunities include:

● Optimized microarchitectures, particularly as die cast shrinking slows;
● Optimization of individual components such as transistors themselves;

15 Rotman.

14 Targett.

13 Chaim Gartenberg. “Intel’s 10nm Cannon Lake chips are delayed again.” The Verge. April 2018.
https://www.theverge.com/circuitbreaker/2018/4/27/17291040/intel-10nm-cannon-lake-chips-delayed-2019-cpu-proce
ssor.

12 Mark Lapedus. “A crisis in DoD’s Trusted Foundry program?” Semiconductor Engineering. October 2018.
https://semiengineering.com/a-crisis-in-dods-trusted-foundry-program/.

11 “5nm technology.” TSMC. https://www.tsmc.com/english/dedicatedFoundry/technology/logic/l_5nm.

10 Monica Chen and Jessie Shen. “TSMC ramping up 7nm chip production.” DigiTimes. June 2018.
https://www.digitimes.com/news/a20180622PD204.html.

9 Chaim Gartenberg. “Intel’s next-gen 7nm chips are delayed until at least 2022.” The Verge. July 2020.
https://www.theverge.com/circuitbreaker/2020/7/23/21336356/intel-7nm-chips-next-gen-delay-q2-2020-earnings-amd
-10nm-tiger-lake-desktop-laptop-cpu.

Amdahl’s Law asserts that “overall performance improvement gained by optimizing a single part of a system is limited
by the fraction of time that the improved part is actually used.” In short, Amdhal’s argument shows that the upper bound
of improving central processing unit (CPU) performance – a key component of most advanced microchips – is not
dependent on the number of CPUs present.
Martin Reddy. “Performance.” API Design for C++. 2011.
https://www.sciencedirect.com/topics/computer-science/amdahls-law.
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● Wider adoption of Application-Specific Integrated Circuits (ASICs) for specialized types of
computations – GPUs are the long-established exemplar of this approach, with TPUs and
other ASIC designs for AI increasingly common;16

● More holistic and integrated approaches to optimization – from the industry leader, Apple,
bringing more hardware design talent in-house to the now-standard multi-core System on
a Chip (SoC) designs for the flagship Apple and Samsung smartphones.17 In 2019, Apple
bought Intel’s modem business for $1 billion to reduce its future dependence on
Qualcomm for chips and in 2020 released its first laptops with custom SoC processors
modeled on those it has developed for mobile devices;18

● New practices in programming and software development, including the design of
underlying operating systems to further optimize the way software interacts with the
Instruction Set Architecture (ISA) and hardware (e.g. switching from higher-level
programming languages like Python to the lower level language C has been shown to run
calculations nearly 50 times faster on the same chip).19

Only an estimated quarter of the microelectronics sector requires the highest-end chips.20 This
demand is particularly concentrated within highly competitive marketplaces such as the most
advanced smartphones.21 Legitimate concerns remain regarding the lag in military access to and
implementation of the latest generations of microchips.22 But as Moore’s Law ends, the
performance difference between generations of chips may also be slipping. Apple’s newest chips
- the A14 and M1 - will boast 5nm transistors, but fail to exhibit huge performance gains
compared to higher nm chips from the die shrink, instead relying upon greater customization and
optimization for Apple’s hardware and software as opposed to the more generic Intel processors
they replace.23

COMMERCIAL STATE OF THE ART
This approach highlights a way in which microelectronics are becoming more complex. Apple and
Samsung have designed their flagship smartphones around tailor-made multi-core SoC designs
for years. Apple’s custom M1 chip, launched on Mac laptops in 2020, further reinforces this trend.

23 Linley Gwennap. “Apple’s 5 nanometer chip is another signpost that Moore’s law is running out.” Forbes. October
2020. https://www.forbes.com/sites/linleygwennap/2020/10/12/apple-moores-law-is-running-out/?sh=2ce210ce529a.

22 Harper.

21 Samuel K. Moore. “Another step toward the end of Moore’s Law.” IEEE Spectrum. May 2019.
https://spectrum.ieee.org/semiconductors/devices/another-step-toward-the-end-of-moores-law.

20 “The semiconductor industry and the power of globalisation.” The Economist. December 2018.
https://www.economist.com/briefing/2018/12/01/the-semiconductor-industry-and-the-power-of-globalisation.

19 Rotman.

18 Jack Nicas and Don Clark. “Apple pays $1 billion for part of Intel’s modem business.” New York Times. July 2019.
https://www.nytimes.com/2019/07/25/technology/apple-pays-1-billion-for-part-of-intels-modem-business.html.

17 Ibid.

16 Wiggers.
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The M1 is essentially an enhanced version of what one will find in an Apple phone.24 This
application of SoC architectures to laptops is now being pursued by others, including Qualcomm
because of its enhanced performance and efficiency gains that Moore’s Law has ceased to
deliver.25 Consider its characteristics as a baseline for the commercial state of the art:

● The M1 is designed by Apple itself but manufactured by TSMC;
● The M1 SoC contains 8 processor cores – four high-performance and four energy efficient

cores;
● These processors are composed of a total of 16 billion transistors with a minimum feature

size of 5 nm;
● The chip is designed around an ARM ISA.26

Each reflects one of the evolving dynamics in the microelectronics industry:

● The rise of the “fab-less” chip designer, where the expertise and talent to design the latest
chip are separate from the increasingly consolidated (and enormously expensive) fabs
that physically manufacture them – no matter how sophisticated the requirements;

● Alternative approaches to straight Moore’s Law transistor density progression – tighter,
highly tailored optimization enabled by a custom SoC;

● 5nm is the commercial state of the art currently in production at scale;27

● Arm (where the ‘r’ originally stood for RISC) and other RISC architectures, which have
dominated mobile devices, are now being leveraged in scaled-up SoC designs powerful
enough for laptops. x86, POWER, and SPARC chips remain favored for other applications
such as servers.28

Of course, not all applications require the exacting balance of performance, capability, size, and
energy efficiency demanded by the “smartphone wars” that have contributed to driving flagship
smartphones prices north of $1,000. Indeed, the diversity of microelectronics products is difficult
to overstate and the further specialization of chips for specific applications such as automotive
autonomy appears to be a growing phenomenon (the automotive semiconductor industry is
expected to grow from $37.5 billion in 2017 to $58 billion by 2024).29 Other new findings include

29 Ibid.

28 Klint Finley. “The Latest Battleground for Chipmakers: Self-Driving Cars.” Wired. September 2018.
https://www.wired.com/story/latest-battleground-for-chipmakers-self-driving-cars/.

27 “Samsung Sets New Standard for Flagship Mobile Processors With Exynos 2100.” Samsung. 2021.
https://news.samsung.com/global/samsung-sets-new-standard-for-flagship-mobile-processors-with-exynos-2100.

26 “Apple unleashes M1.”

25 Ibid.

24 “Apple Is at the Cutting Edge of a Revolution in Chips.”
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chips that can harness “deep learning” algorithms to essentially iteratively program themselves.30

Preliminary research is also trending to disposable microchips that could self-power.31

MARKET LANDSCAPE
Although the semiconductor market touches most other technology-driven sectors given the
centrality of microelectronics to ever more industries, the leading-edge segment of the industry is
dominated by a few key players due to the enormous resources needed to profitably fabricate
commercial state of the art chips at scale. Capital expenditures (capex) alone for such a fab can
exceed $15 billion and costs continue to rise.32 TSMC, the global titan of the industry, estimates
building out infrastructure for future 3nm chips will cost more than $20 billion.33

Nevertheless, further capacity expansions are occuring domestically in the United States. TSMC
and Intel are building new fabs in Arizona, while Samsung is rumored to be looking for a US-based
location for 3nm production, likely in Texas.34 The new Intel fab is expected to cost over $12 billion
to build with key tooling provided by ASML in the Netherlands costing as much as $120 million
apiece.35 Alongside ASML, a handful of fab machinery manufacturers exist globally. While relevant
industry companies appear to have US locations, these are often corporate headquarters while
many manufacturing locations remain outside of the United States. For example, Applied
Materials, Lam Research, and KLA-Tencor all have corporate headquarters in the United States,
but manufacturing locations spread through Europe and Asia, including China.36,37,38

As a result of these costs, the presence of nuanced, specialized subsectors appears minimal as
the high up-front capital and operational costs ensure that the few companies who succeed
engage in designing and fabricating chips at the leading edge.39 There has also been some recent
push towards more consolidation among the manufacturers themselves.

39 “The semiconductor industry and the power of globalisation.”

38 “Headquarters and Manufacturing.” Lam Research. https://www.lamresearch.com/company/locations/.
37 “Locations.” KLA Tencor. https://www.kla-tencor.com/locations.
36 “Worldwide locations.” Applied Materials. http://www.appliedmaterials.com/en-in/company/contact/locations.

35 Willy Shih. “TSMC’s announcement of a new U.S. semiconductor fab is big news.” Forbes.
https://www.forbes.com/sites/willyshih/2020/05/15/tsmcs-announcement-of-a-us-fab-is-big-news/.

34 Sohee Kim and Ian King. “Samsung considers $10 billion Texas chipmaking plant, sources say.” Bloomberg. January
2021.
https://www.bloomberg.com/news/articles/2021-01-22/samsung-is-said-to-consider-10-billion-texas-chipmaking-plan.

33 “TSMC says latest chip plant will cost around $20 bin.” Reuters. 2017.
https://www.reuters.com/article/tsmc-investment-idUSL3N1O737Z.

32 “A DARPA approach to trusted microelectronics.” DARPA. Available for download:
https://www.darpa.mil/attachments/Background_FINAL3.pdf.

31 “How to build a disposable microchip,” The Economist, September 2019,
https://www.economist.com/technology-quarterly/2019/09/12/how-to-build-a-disposable-microchip.

30 Will Knight, “This chip was demoed at Jeff Bezos’ secretive tech conference. It could be key to the future of AI,” MIT
Technology Review, May 2019,
https://www.technologyreview.com/2019/05/01/135541/this-chip-was-demoed-at-jeff-bezoss-secretive-tech-conferen
ce-it-could-be-key-to-the-future/.
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Figure 2. – The globally integrated, multi-stage process of modern semiconductor manufacturing. Source: Peterson Institute for
International Economics.40

40 Chad P. Bown. “How the United States marched the semiconductor industry into its trade war with China.” Peterson
Institute for International Economics. 2020.
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AMD recently bought Xilinx in a $35 billion deal; this transaction will increase AMD involvement
with the Department of Defense (DoD) since Xilinx chips are currently used in the latest block of
the F-35 Joint Strike Fighter. Despite the size of the deal, however, Intel still maintains dominance
in the space with shares ten times the value of AMD’s.41

Yet while much of the attention in semiconductors is focused on leading-edge manufacturing, the
market is not dominated by these leading-edge chips.42 For military applications, the
microelectronics market is more fragmented since industry produces chips for a wide variety of
uses, such as aircrafts and radar.43 Each of these applications have stringent and niche
requirements which make it difficult for the US military to exert any market leverage in the space,
especially when competing with global companies able to pay top dollar for large production lots
for more lucrative consumer applications.

Due to the extreme expense of entering the microelectronics business, VC has pursued the
industry with caution as seen in private investment data. Microelectronics will be integral to the
future of tech as AI, the Internet of Things (IoT), Industrial IoT (IIoT), and 5G emerge; however, the
high capex and research and development (R&D) required make it difficult for early-stage startups
to secure funding or overcome these barriers to entry to compete effectively with established
titans. Given the long horizon for generating profit, new companies rely on non-VC backers such
as state-backed funds, large multinational semiconductor firms, downstream partners, global
asset management companies, or small private funds specializing in semiconductors. For
example, the fabless semiconductor startup SiFive raised $61 million in a Series E in 2020.
Although the round was led by traditional VCs, it also featured major industry backers like
Qualcomm and Intel.44 Alongside these funders, traditionally well-financed enterprises like Apple
and Samsung will also continue to pour money into the space as their businesses rooted in
consumer electronics rely on remaining at and continually pushing the forefront of the
commercial state of the art. Other challenges arise from the rapid pace at which the technology
advances. Since the microelectronic components like silicon wafers and ICs tend to be
homogenous, the only way for companies to distinguish their products is through continual,
regular improvements - once commonplace, but now increasingly expensive to sustain.45

Outside the United States, there has been considerable investment in microelectronics in China
and Israel.46 Domestically, Silicon Valley had primarily halted investments in semiconductors until

46 Ibid.

45 Ivan Platonov. “Chips, chips, chips: early-stage investment landscape in semiconductor industry.” Equal Ocean.
October 2019. https://equalocean.com/analysis/2019101612078.

44 Cromwell Schubarth. “The Funded: 13 Bay Area startups raise over $630 million at midweek.” Silicon Valley Business
Journal. August 2020.
https://www.bizjournals.com/sanjose/news/2020/08/12/13-bay-area-startups-raise-over-630m-at-midweek.html.

43 Lapedus.

42 Ibid.

41 Asa Fitch. “AMD agrees to buy rival chip maker Xilinx for $35 billion.” The Wall Street Journal. October 2020.
https://www.wsj.com/articles/amd-agrees-to-buy-rival-chip-maker-xilinx-for-35-billion-11603794663.
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Google released its first TPU in 2016.47 Investment has started to pick back up, such as with the
technology company Mercury Systems investing $15 million in microelectronics as of October
2019.48 Today, total capital expenditure by semiconductor companies is led by Korean firms,
which makes up 31% of the total, followed by US-based companies, which made up 28% of total
capex in 2019.49

Nonetheless, private investment in this space can illuminate technology trends of interest. We
have seperated the semiconductor ecosystem into several segments for private investment (this
analysis does not capture internal R&D spending or Mergers and Acquisitions (M&A) activity):

● Design and verification - the production or use of software for designing semiconductors
as well as verification that the design functions as intended. The US and Taiwan remain
leaders in design and design software even as Chinese companies have demonstrated
significant capability in this area;50

● Equipment - the capital machinery used in the creation of a semiconductor, from
photolithography machines to clean room equipment. High-end semiconductor equipment
manufacturing is a heavily concentrated industry, located almost entirely within the US,
Europe, and Japan;51

● Inputs - the raw materials such as metals as well as intermediate goods like precision
machined parts and wafer production. This does also include water purification. These
inputs can become wrapped up in geopolitical disputes such as Japanese restrictions on
exports of etching gasses to the Korean semiconductor industry;52

● Foundries - the actual fabrication of semiconductors through printing of circuits on a
silicon disk. This segment is increasingly consolidated, particularly in leading-edge
technology. The geographic center has also shifted. While the United States was
effectively two years ahead of competitors in 2010, today’s leading foundries are in
Taiwan and Korea;53

53 "2020 State of the U.S. Semiconductor Industry."

52 “South Korea's SK mass-produces Japan-grade etching gas.” Nikkei Asia. 2020.
https://asia.nikkei.com/Spotlight/Japan-South-Korea-rift/South-Korea-s-SK-mass-produces-Japan-grade-etching-gas.

51 “China reliant on US core technology for some time, but so is the world.” South China Morning Post. 2018.
https://www.scmp.com/tech/china-tech/article/2153618/china-reliant-us-core-technology-some-time-so-world.

50 Ibid.

49 "2020 State of the U.S. Semiconductor Industry." Semiconductor Industry Association. 2020.
https://www.semiconductors.org/2020-state-of-the-u-s-semiconductor-industry/.

48 Nathan Strout. “Why Mercury is investing $15m in microelectronics production.” C4ISR Net. October 2019.
https://www.c4isrnet.com/show-reporter/ausa/2019/10/15/why-mercury-is-investing-15m-in-microelectronics-product
ion/.

47 James Morra. “Silicon Valley opens checkbook again for semiconductors.” Electronic Design. November 2016.
https://www.electronicdesign.com/industrial-automation/article/21807308/silicon-valley-opens-checkbook-again-for-s
emiconductors.
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● Testing and assembly - the cutting of die, placement of semiconductors into packaging
and a final round of testing to ensure the semiconductors perform as intended. China,
Taiwan, and the US are leaders in packaging and testing;54

● Applications - the sector-specific companies, focusing on the design or fabrication of
semiconductors for a specific end-use. Within this segment, we have further separated
out communications as a large sub-segment;

● Semiconductor segments - the production of specific kinds of semiconductors. Memory,
for example, is heavily dominated by South Korean companies and Chinese producers
have repeatedly struggled to match Korean success in its self-sufficiency drive.55

Figure 3. – Microelectronics companies clustered by similarity of technical approach and sized by number of connections - Inputs
(green); Foundries (orange); Testing and Assembly (white); Semiconductor segments (light red); Equipment (yellow); Design and
Verification (pink). Powered by Quid.56

56 Quid is a powerful natural language processing tool leveraging the industry-standard Capital IQ dataset of corporate
and investment information covering some 4.5 million companies. More information is available here:
https://netbasequid.com/applications/quid-pro/.

55 Ed Sperling. “Playing Into China’s Hands.” Semiconductor Engineering. 2019.
https://semiengineering.com/the-great-global-chip-race-has-begun/.

54 “Semiconductors – the Next Wave.” Deloitte. 2019. Available for download:
https://www2.deloitte.com/content/dam/Deloitte/cn/Documents/technology-media-telecommunications/deloitte-cn-t
mt-semiconductors-the-next-wave-en-190422.pdf.
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Microelectronics Subsector Investments
in $ billions

Segments Total 2018 2019 2020 2018 to
2020 Total

% Change

Design and
Verification

3.6 0.1 0.1 0.3 0.6 57%

Equipment 3.9 0.0 0.0 0.1 0.2 40%

Inputs 6.7 0.2 0.1 1.3 1.6 85%

Foundries57 4.6 - - - - -

Testing and
Assembly

6.7 0.1 0.4 0.6 1.1 89%

Applications 18.3 0.9 1.0 2.4 4.3 64%

Semiconductor
Segments

7.4 0.4 0.5 0.9 1.8 56%

Figure 4. – Investment by semiconductor subsector. Powered by Quid.

Overall, private investment increased from a total of $2.1 billion in 2019 - a record - to $5.5 billion
in 2020 (a partial, but largely complete figure for the year). In other words, 2020 appears to
represent a major sea change within the industry. While it did not affect every segment to the
same degree, investment in most segments grew rapidly.

Design and verification grew from $122 million in private investment to $340.6 million. The US has
the two largest chip design software manufacturers, Synopsys and Cadence Design. Three
Chinese companies were started late in 2019 to attempt to ensure access to such tools.58 This
segment also includes new types of designs, such as work being done by Nuvia to produce a new

58 Cheng Ting-Fang and Lauly Li. “China aims to shake US grip on chip design tools.” Nikkei Asia. November 2020.
https://asia.nikkei.com/Business/China-tech/China-aims-to-shake-US-grip-on-chip-design-tools.

57 Private investment in Foundries was not found in this period in the industry leading Capital IQ dataset, reflecting the
relatively small number of large foundries, which have other options for accessing capital.
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type of energy efficient data center chip.59 The company has received $293 million in investment
over a two year period, representing over 60% of investment in this space.

Investment in equipment also grew in 2020 despite a decline in investment from 2017 to 2019.
Overall, the segment only represented $80 million in private investment. The largest investment in
2020 of over $30 million went to US-based Inpria, a manufacturer of metal oxide photoresistors
for extreme ultra-violet (EUV) equipment which is used in the manufacture of the most advanced
semiconductors.60 Overall, the United States, the Netherlands, and Japan dominate the equipment
manufacturing space.61

Inputs grew the most from 2019 to 2020, from $0.1 billion to $1.3 billion. Of this amount,
approximately $1 billion went to two Chinese companies. One of these companies works in
gallium semiconductors, a silicon replacement. It is a top category for total investment in this
segment. These semiconductors can handle higher voltages and require less power. This is key in
making devices smaller. It also allows semiconductors to get hotter, making them appropriate for
complex environments like cars, and they can also be used for optical applications.62

Foundries received the largest total investment, but it is highly concentrated in TSMC specifically,
which accounts for $3.3 billion of the private investment in this sector since its founding. Many
companies within this segment are publicly traded and do not have the same reliance on private
funding we analyze here for VC trends. As a result, in a shorter time frame from 2011 to 2020,
private investment in this segment only totalled approximately $244 million.

Testing and assembly experienced two years of large investments, the majority of which went to
five China-based companies that carry out packaging and testing. This segment receives
relatively large amounts of private investment, though no clear trends are discernable in this data.

Semiconductor segments are only partially representative of the types of semiconductors
produced. Nonetheless, these specialized production funnels demonstrate the broad spectrum of
semiconductor manufacturing capabilities. For example, the largest sub-segment is the laser and
optical space. These have applications that range from lidar to communications. Memory is also
dominant in this space. While processors receive the majority of attention in this space, memory

62 Angela Chen. “Gallium nitride is the silicon of the future.” The Verge. February 2019.
https://www.theverge.com/2018/11/1/18051974/gallium-nitride-anker-material-silicon-semiconductor-energy.

61 “Top Markets Series: Semiconductors and Related Equipment” International Trade Administration. 2016.
https://legacy.trade.gov/topmarkets/semiconductors.asp.

60 Quid is a powerful natural language processing tool leveraging the industry-standard Capital IQ dataset of corporate
and investment information covering some 4.5 million companies. More information is available here:
https://netbasequid.com/applications/quid-pro/.

59 Danny Crichton, “Three of Apple and Google’s former star chip designers launch NUVIA with $53m in series A
funding,” Techcrunch, November 2019,
https://techcrunch.com/2019/11/15/three-of-apple-and-googles-former-star-chip-designers-launch-nuvia-with-53m-in-
series-a-funding/.
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is an important sub-segment of semiconductors and it is heavily dominated by South Korean and
American companies.63

Many of the semiconductors within the applications space are specifically designed for their
end-use. Total investment has increased rapidly within applications, accounting for over half of
the growth in private investment in 2020, totalling $2.4 billion. Communications represents $1.2
billion of that investment while AI is a close second at over $0.8 billion. Prior to 2020, electrical
designs such as power converters and touch displays grew the fastest in the 2017 to 2019 period.

If we dig into some of the contributors to growth in these subsegments, a few specific
technologies stand out. This segment has seen a particularly large shift in 2020. The greatest
growth in private investment in the 2017 to 2020 period was in AI and autonomous vehicles,
which grew 94% over the timeframe with a total of over $1 billion in combined investment. This
growth is reflected in the rise of both AI capabilities as well as the specialization of AI and
autonomy chip designs. The autonomy category also includes lidar, a sensor that is prominent in
nearly every autonomous design from robotics to self-driving cars. In fact, one of the largest
investments came from a $100 million investment in lidar company Luminar. This segment
reflects a still emerging technology and will continue to grow as “edge” AI - processing that
happens at the equipment level - becomes a reality. In addition, there continues to be investment
in low power chips of various kinds. This segment is driven by the growth of devices in energy
constrained environments, whether cell phones, sensors, or internet-of-things devices.
Communications is a theme within this segment, including bluetooth devices. But it also includes
attempts to harvest energy or run at “ultra-low power.” This is particularly true where these
devices intersect with edge AI, which is traditionally processing and power-hungry.64

5G AND GEOPOLITICAL FACTORS
“Controlling advanced chip manufacturing in the 21st century may well prove to be like
controlling the oil supply in the 20th.”

-Steve Blank
Silicon Valley Entrepreneur and author of “The Chip Wars of the 21st Century”

The placement of microelectronics as the DoD’s top priority due to their essential nature to
military applications is exemplified in the case of emerging 5G technology, the second top priority
of the DoD.65 In fact, the Defense Science Board Task Force finds that “5G capability is inexorably

65 Harper.

64 Frederic Lardinois. “Kneron launches its new AI chip to challenge Google and others.” Techcrunch. 2020.
https://techcrunch.com/2020/08/27/kneron-launches-its-new-ai-chip-to-challenge-google-and-others/.

63 “Top Markets Series: Semiconductors and Related Equipment.”
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intertwined with leading edge microelectronics.”66 5G will enhance current 4G mobile broadband
by improving both latency and bandwidth which will support real-time decision-making and
progress the advancement of AI.67

The shift in microchip acquisition by the US government will directly impact 5G as it relies on
advanced chips and cannot remain generations behind the latest technology. 5G depends on a
microchip infrastructure because it integrates hardware and software early in development which
makes it prone to security risks before the final product is ever launched.68 Furthermore, the
spread of 5G will be initially geared towards the public which will increase the global demand for
microelectronics thus further straining the DoD’s supply chain. In fact, 5G revenue is expected to
reach $31.5 billion in 2023 - driven by smartphones and the demand for 5G.69 5G’s reliance on
semiconductors will therefore save the declining market which lost 13% in revenue between 2018
and 2019. Historically, each time the semiconductor market has a downturn, a new innovation
turns it around; in this case, 5G is the newest innovation.70

As fabs have consolidated overseas, supply chain and geopolitical risk have become more
prominent factors in the industrial base – raising concerns for not only national security
applications but more broadly across industry related to vulnerabilities from overseas. At present,
the United States and its allies remain prominent in the global microelectronics supply chain -
Japan, Taiwan, South Korea, Germany, the Netherlands, and the United Kingdom control about
92% of the semiconductor industry. Conversely, China controls only about 6%. Taiwan is
particularly notable as an almost unique center for outsourced semiconductor production. A
recent Bloomberg report stated, “Taiwan’s grip on the semiconductor business...represents a
choke point in the global supply chain that is giving new urgency to plans from Tokyo to
Washington and Beijing to increase self-reliance.”71 The paper points to an ongoing shortage of
automotive semiconductors that is difficult to overcome due to the high cost and long lead times
of capacity additions.

71 Alan Crawford, Jarrel Dillard, Helene Fouquet, and Isabel Reynolds. “The world is dangerously dependent on Taiwan
for semiconductors.” Bloomberg. 2021.
https://www.bloomberg.com/news/features/2021-01-25/the-world-is-dangerously-dependent-on-taiwan-for-semicondu
ctors.

70 Mike Dano. “5G will save semiconductor industry, IHS predicts.” Light Reading. October 2019.
https://www.lightreading.com/mobile/5g/5g-will-save-semiconductor-industry-ihs-predicts/d/d-id/754679.

69 Syed Alam, Timothy Chu, et al. “Gaining the edge: semiconductors & 5G opportunity.” Accenture. July 2020.
https://www.accenture.com/ae-en/insights/high-tech/semiconductor-5g.

68 Ibid.

67 James S.B. Chew. “Taking the right steps – understanding 5G for the DoD.” National Defense. December 2019.
https://www.nationaldefensemagazine.org/articles/2019/12/19/taking-the-right-steps---understanding-5g-for-the-dod.

66 “Defense applications of 5G network technology.” Defense Science Board Task Force. June 2019. Available for
download: https://dsb.cto.mil/reports/2010s/5G_Executive_Summary_2019.pdf.
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Figure 5. – Top 10 global semiconductor firms by sales revenue from 1980-2020. Source: Peterson Institute for International
Economics.72

China currently lags behind as it has only developed a small part of the supply chain, namely in
assembly, testing, and packaging (ATP) as this segment is the most labor intensive and has the
lowest barrier to entry.73 As it stands, the global advanced chip supply chain benefits from
globalization; indigenizing the supply chain of any one country would pose exceedingly high costs
given the immense costs of R&D and building fabs. China, however, is investing heavily in order to
develop its own, independent advanced chip supply chain which could pose a future threat to a
global system which has long held a competitive edge over China.74

China is attempting to gain self-sufficiency in all aspects of microelectronic production, from
design to assembly and across all verticals, including the leading-edge of the technology. This
drive was in place long before the technology-centered trade wars with the US of recent years, but
it did solidify this goal and drive a frenetic pace in the marketplace. Backing comes from both the

74 Saif M. Khan. “Securing semiconductor supply chains.” Center for Security and Emerging Technology. January 2021.
https://cset.georgetown.edu/research/securing-semiconductor-supply-chains/.

73 Saif M. Kharn et al. “The semiconductor supply chain: assessing national competitiveness.” Center for Security and
Emerging Technology. January 202., https://cset.georgetown.edu/research/the-semiconductor-supply-chain/.

72 Chad P. Bown.
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government and private firms.75 The Chinese government, in particular, has funneled billions of
dollars into making China the leader in semiconductors through the China Integrated Circuit
Industry Investment Fund nicknamed “Big Fund.” The fund has raised over $51 billion that has
been put towards over 70 semiconductor-related projects such as foundry construction.76 As a
result, the United States has attempted to impede Chinese progress in microelectronics by
curtailing Huawei’s access to various aspects of the supply chain including chips, specifically
from industry leader TSMC,77 although major players such as US-based Qualcomm have pushed
back at this decision claiming it could hurt the US microelectronics industry.78

But recently, more investment has been driven by private capital as trade restrictions (see Figure
6., below) and a renewed focus on internal production has made the sector more attractive to
venture capitalists.79 In fact, much of the VC investment in semiconductors generally involves
China. For instance, Chinese startup Eswin raised $283 million to boost chip production in China
which was led by Legend Capital, the investment arm of computer company Lenovo.80 Similarly,
another Chinese-owned company known for designing ASICs, Bitmain Technologies, has raised
approximately $764.7 million in funding over four rounds led by Singaporean state-owned
Temasek and Asia-focused Crimson Ventures.81

Private investment in China-based companies in the semiconductor segment increased markedly
in 2019 and then more than tripled again in 2020 (see Figure 7., below). The total of $3.3 billion
represents 60% of total investment for 2020 in our analysis. Investment in US-based companies
represented an additional 20%. This investment in China-based companies is relatively
concentrated in communications, the electronic car segment, and semiconductor inputs (such as
new compounds). However, it's important to put this private investment in context. It is not
necessarily government directed. For example, BYD is attracting investment from the likes of
Sequoia Capital China as well as state-backed capital. This mixture of private and state interest

81 “Bitmain.” Crunchbase. https://www.crunchbase.com/organization/bitmain/company_financials.

80 Manish Singh and Rita Liao. “Eswin raises $283m to boost chip production in China.” Techcrunch. June 2020.
https://techcrunch.com/2020/06/09/eswin-raises-283m-to-boost-chip-production-in-china/.

79 Josh Horwitz and Samuel Shen.

78 Asa Fitch and Kate O’Keeffe. “Qualcomm lobbies U.S. to sell chips for Huawei 5G phones.” The Wall Street Journal.
August 2020. https://www.wsj.com/articles/qualcomm-lobbies-u-s-to-sell-chips-for-huawei-5g-phones-11596888001.

77 Dan Strumpf and Katy Stech Ferek. “U.S. tightens restrictions on Huawei’s access to chips.” The Wall Street Journal.
August 2020.
https://www.wsj.com/articles/commerce-department-tightens-restrictions-on-huaweis-access-to-chips-11597671747.

76 Steve Blank. “The chip wars of the 21st century.” War on the Rocks. June 2020.
https://warontherocks.com/2020/06/the-chip-wars-of-the-21st-century/.

75 Josh Horwitz and Samuel Shen. “Sino-U.S. tech race turbo-charges China chip investment, triggering bubble fear.”
Reuters. June 2020.
https://www.reuters.com/article/us-china-semiconductors-analysis/sino-us-tech-race-turbo-charges-china-chip-invest
ment-triggering-bubble-fear-idUSKBN23V3DW.
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arises because BYD Semiconductor is a true competitor in a big, critical market with only one
other major player, the German company Infineon Technologies AG.82

Figure 6. – Key policy actions regarding semiconductors from 2014 to 2020. Source: Peterson Institute for International
Economics.83

83 Chad P. Bown.

82 Rita Liao. “China’s BYD nabs $113m to produce IGBTs, the ‘CPU of electric cars.’” Techcrunch. June 2020.
https://techcrunch.com/2020/06/15/byd-semiconductor-igbt-113-million-funding/.
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Figure 7. – Total private investment in the semiconductor industry from 2010 to 2020, totaling $5.5 billion in the most recent year.
Powered by Quid.

Figure 8. – Total China-based private investment in the semiconductor industry from 2010 to 2020, totaling $3.3 billion in the most
recent year. Powered by Quid.
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These geopolitical factors at play ultimately create a national security concern for the United States as
microelectronics grow in importance for advanced electronic capabilities. But while microelectronics
are a critical strategic material, unlike oil, a chip industry can grow from scratch and in relatively little
time, though with great difficulty. While many advanced technologies call for leading-edge
microelectronics, it is important to emphasize again that many applications simply do not require the
most advanced semiconductors. This possibility of a bifurcation or decoupling of the supply chain is
not inevitable; however, it is clear that many within both countries believe it is increasingly likely and
perhaps even desirable. A recent report titled "Asymmetric Competition: A Strategy for China &
Technology" that is reportedly circulating within President Joe Biden’s White House calls for just such
a split.84 The paper seeks to avoid “escalatory cycles of confrontation” and claims that decoupling can
be pursued by calling on the United States’ extensive alliances with vast technological capability.
China, a country largely devoid of true strategic alliances and lacking expeditionary capabilities, has
fewer options and is seeking to develop most (if not all) parts of this supply chain internally. While this
is a difficult challenge there are few who argue this is impossible, only costly in time and treasure.

NATIONAL SECURITY IMPLICATIONS
After effectively bankrolling the early microelectronics industry as its largest and most lucrative
customer, the DoD has seen both its influence in terms of what technological objectives the
industry pursues as well as its market share as a buyer enter a long, secular decline. The
quantities of microelectronics that DoD buys long ago ceased to be sufficient to sustain a
specialized, secure industrial base that could keep pace with the commercial state of the art; by
the 1980s, the majority of money spent on microelectronics research was provided by the
commercial sector.85

In the mid-1990s, the DoD formed the Trusted Foundries Program, a trusted supplier initiative
accredited and managed by the newly created Defense Microelectronics Activity (DMEA). The
program sought to secure a domestic industrial base while maintaining stringent security
standards but fought against powerful countervailing commercial forces and struggled with the
corporate consolidation of its own supplier base. The Defense Advanced Research Projects
Agency (DARPA) predicts that the construction of a DoD-owned foundry in 2020 would cost
between $15-$20 billion.86

According to Dr. Mark Lewis, Acting Deputy Under Secretary of Defense for Research and
Engineering and Director of Defense Research and Engineering for Modernization, the Trusted
Foundry model is “not driving the market in any meaningful way” since the Pentagon only

86 “A DARPA approach to trusted microelectronics.”

85 Anna Slomovic. “An analysis of military and commercial microelectronics: has DoD’s R&D funding had the desired
effect?” RAND. February 1991. Available for download:
https://www.rand.org/content/dam/rand/pubs/notes/2009/N3318.pdf.

84 Bethany Allen-Ebrahimian“Former Google CEO and others call for U.S.-China tech ‘bifurcation.’” Axios. 2021.
https://www.axios.com/scoop-former-google-ceo-and-others-call-for-us-china-tech-bifurcation-46fa8ca1-a677-4257-8b
22-5e7fe1b7e442.html.
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accounts for about 2% of global microelectronics consumption.87 Second, the program limits the
ability to access the current commercial state of the art, leaving the DoD two generations
behind.88 GlobalFoundries, currently the largest and most capable Trusted Foundry fab, halted
efforts to establish 7nm production capacity in 2018 due to “escalating R&D costs and a
questionable return.”89

In redesigning its method of acquisition, the DoD is now considering a “zero trust” approach to
purchasing microelectronics although this program has yet to be implemented. The DoD,
however, recently announced that it  plans to release a zero trust strategy later in 2021.90 This
method assumes that nothing the DoD buys is secure, and that every acquisition must be
validated before it is used. In fact, 70% of semiconductors are either manufactured in or pass
through Taiwan, although this percentage may decrease since TSMC announced in May 2020
that it would halt working with the Chinese conglomerate Huawei.91,92 The “zero trust” approach
would notionally allow the DoD to purchase and leverage commercial microelectronics.93 This
new program is likely to remain a priority given DoD’s designation of microelectronics as its most
prominent technological focus area, with implications for most critical military applications.94

Approaches for facilitating and operationalizing this “zero trust” initiative are still in discussion
although potential solutions have been proposed both from government and commercial actors.
The DoD has considered the following new methods:

● Supply chain methods focused on new trust and assurance methodologies;
● New production techniques concerning design, fabrication, and packaging;
● The possible use of split fabs where the device is built in one fab and then metallization,

the process of depositing metal on the silicon wafer to create circuits, is done in a trusted
facility.

Split fabs pose challenges because not only would such an endeavor create inherent
inefficiencies and require considerable resources, but it would also force foundries to possibly
share sensitive data; DARPA predicts that any attempt to construct DoD-owned foundries overall

94 Harper.

93 C. Todd Lopez. “DOD can lead microelectronics manufacturing back to U.S.” US Department of Defense. August 2020.
https://www.defense.gov/Explore/News/Article/Article/2320194/dod-can-lead-microelectronics-manufacturing-back-to
-us/.

92 Sam Byford. “Huawei hits back at US as TSMC cuts off chip orders.” The Verge. May 2020.
https://www.theverge.com/2020/5/18/21262042/huawei-us-export-tsmc-chip-manufacture.

91 Brad Slingerlend. “Opinion: a semiconductor ‘cold war’ is heating up between the U.S. and China.” Market Watch. June
2020.
https://www.marketwatch.com/story/a-semiconductor-cold-war-is-heating-up-between-the-us-and-china-2020-06-01.

90 Jackson Barnett. “DOD zero-trust strategy coming this year, CIO says.” Fedscoop. April 2021.
https://www.fedscoop.com/dod-zero-trust-strategy-2021-john-sherman/.

89 Lapedus.

88 Ibid.

87 Harper.
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would be cost prohibitive.95,96 Other recent DoD activity in the space includes research from the US
Navy into zero trust cybersecurity architectures with chips that have already been penetrated and
single-tenant cloud services,97 as well as $197 million in contracts awarded for microelectronics
advancements including $24.5 million to Microsoft and IBM to focus on physical design methods
for measurable security in chips.98

The Trusted Microelectronics Joint Working Group, an industry-led group that collaborates with
the US government, has also released possible solutions.99 One key proposal is to disaggregate
the device functions and then put them together at the system level once all parts are in the
United States. DARPA’s Common Heterogeneous Integration and Intellectual Property Reuse
Strategies (CHIPS) program has already touched upon this idea by creating a menu of modular
chips in a library that can then be assembled in a package.100 Another suggestion is pursuing a
“design-for-trust” approach where FPGAs would incorporate physically unclonable functions into
designs. The group also proposed the creation of a “tiers of trust” system to cover all
microelectronics components.101 More broad recommendations include the creation of a US
national semiconductor strategy and the launch of R&D into the security of un-trusted
technologies.102

Within the US government, there has also been a big push recently to support increased domestic
production of microelectronics in light of discussions surrounding the Trusted Foundry program.
For instance, the new Skywater Foundry recently completed upgrades in Minnesota so it can build
90nm chips and radiation-hardened chips. This fab, the only pure-play fab in the Trusted Foundry
program, will work on the DARPA Electronics Resurgence Initiative as well - a welcomed
development given the general trend of companies transitioning to “fabless” business
models.103,104 Two bills seen as complementary to one another were introduced in Congress
shortly after the DoD named microelectronics a national security priority in 2020:

104 Alan Tonelson. “Semiconductor shortfall: America is willingly ceding the technology race to Asia.” The National
Interest. October 2020.
https://nationalinterest.org/feature/semiconductor-shortfall-america-willingly-ceding-technology-race-asia-170837.

103 Willy Shih. “Inside SkyWater Technology’s Domestic Semiconductor Foundry.” Forbes. October 2020.
https://www.forbes.com/sites/willyshih/2020/10/28/skywater-technology-and-domestic-production-of-semiconductor
s/.

102 “Trusted Microelectronics Joint Working Group.”

101 Lapedus.

100 “DARPA’s drive to keep microelectronics revolution at full speed builds its own momentum.” DARPA. August 2017.
https://www.darpa.mil/news-events/2017-08-25.

99 “Trusted Microelectronics Joint Working Group.” NDIA. https://www.ndia.org/divisions/working-groups/tmejwg.

98 Andrew Eversden. “Pentagon inks $197 million in contracts for microelectronics.” C4ISRNet. October 2020.
https://www.c4isrnet.com/battlefield-tech/it-networks/2020/10/16/pentagon-inks-197-million-in-contracts-for-microele
ctronics/.

97 Jackson Barnett. “Navy moving toward zero-trust network, with pandemic as pivot point.” Fedscoop. October 2020.
https://www.fedscoop.com/navy-zero-trust/.

96 “A DARPA approach to trusted microelectronics.”

95 Lapedus.
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● The CHIPS for America Act proposed in the Senate would secure $22 billion to create
programs that bolster US competitiveness in the microelectronics space and decrease US
reliance on foreign imports. These efforts would focus primarily on projects run by the
Pentagon and other government agencies;105

● The American Foundries Act of 2020 (AFA) was also proposed in June 2020 which aims
to provide grants to states to expand fabs especially within the commercial sector.106

Though they remain as robust legislative frameworks, neither passed before the end of the last
Congress. However, the National Defense Authorization Act (NDAA) FY21, which was passed into
law, includes Title XCIX - “Creating Helpful Incentives to Produce Semiconductors for America.”
This section of the NDAA authorizes federal incentives to promote semiconductor manufacturing
and federal investments to supplement US semiconductor research.107

In a similar vein, the US Innovation and Competition Act (USICA) passed which builds off an
earlier proposal entitled the Endless Frontier Act. The bill as it stands allots $52 billion to domestic
semiconductor manufacturing alongside a 30% increase in funding for the National Science
Foundation and $29 billion for a new science directorate focused on applied sciences.108

Additionally, a bipartisan group within the US Senate proposed a 25% tax credit for investments in
semiconductor manufacturing in June 2021 that has not yet passed into law.109

Other semiconductor-related activity from the Biden administration specifically includes Executive
Order 14017 issued in February 2021 which calls for a 100-day supply chain assessment of
semiconductor manufacturing alongside other critical US industrial bases.110 Furthermore, the
administration’s recent wide-sweeping infrastructure proposal entitled the American Jobs Plan
also formally calls on Congress to invest $50 billion in semiconductor manufacturing and
research, similar to the earlier proposed CHIPS Act.111

111 “Fact sheet: The American jobs plan.” The White House. March 2021.
https://www.whitehouse.gov/briefing-room/statements-releases/2021/03/31/fact-sheet-the-american-jobs
-plan/.

110 “Fact sheet: Biden-Harris administration announces supply chain disruptions task force to address
short-term supply chain discontinuities.” The White House. June 2021.
https://www.whitehouse.gov/briefing-room/statements-releases/2021/06/08/fact-sheet-biden-harris-admi
nistration-announces-supply-chain-disruptions-task-force-to-address-short-term-supply-chain-discontinuitie
s/.

109 David Shepardson. “U.S. senators propose a 25% tax credit for semiconductor manufacturing.” Reuters. June 2021.
https://www.reuters.com/world/us/us-senators-propose-new-25-tax-credit-semiconductor-manufacturing-2021-06-17/.

108 Makena Kelly. “Senate approves billions for US semiconductor manufacturing.” The Verge. June 2021.
https://www.theverge.com/2021/6/8/22457293/semiconductor-chip-shortage-funding-frontier-china-competition-act.

107 Mark Lapedus. “Regaining U.S. chip competitiveness.” Semiconductor Engineering. December 2020.
https://semiengineering.com/regaining-u-s-chip-competitiveness/.

106 Alan Patterson. “Another bill to revive domestic chip industry is proposed.” EE Times. June 2020.
https://www.eetimes.com/another-bill-to-revive-domestic-chip-industry-is-proposed/.

105 Tyler Charboneau. “What the CHIPS for America Act could mean for the U.S. semiconductor industry.” All About
Circuits. June 2020.
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The US government has further demonstrated its interest in semiconductors through hosting
relevant events, notably the annual DARPA ERI (Electronics Resurgence Initiative) Summit & MTO
(DARPA Microsystems Technology Office) Symposium, with the third held virtually in August
2020. The three-day event covered both technical and economic trends in the microelectronics
sector as well as the government-industry partnerships that make industry innovation possible.
Key takeaways focused on:

● Renewed efforts to strengthen the microelectronics workforce by building out the pipeline
for American talent specifically;

● An emphasis on networks as a path forward due to the growing importance of 5G, and
networking more generally as a critical step in compute models;

● Emerging technology possibilities that demonstrate viability such as expanded aerospace
capabilities due to improved chip security, and next generation phased arrays that
capitalize on narrow beams and silicon tiles;

● Alternatives to the sunsetting Trusted Foundry program with a focus on quantifiable
assurance and manufacturing integrity such as reliability tests and pouring resources into
securing key system elements in lieu of attempting to construct unbreachable system
walls;

● Trends over the next decade such as edge computing, increasing bandwidth, quantum
computing, and amorphous computing.

FORECAST AND CONCLUSION
The microelectronics industry has cemented itself as a mainstay of ever growing prominence in
the tech landscape.The United States is shifting its approach to securing access to
microelectronics by considering how to increase domestic production on the commercial side
while developing plans to ensure the security of chips on the military side. With 5G, AI, autonomy,
IoT, and IIoT gaining traction at scale, the symbiotic relationship between these technologies and
semiconductors will result in further growth and innovation for both emerging technologies and
the microelectronics sector that facilitates these advancements.The industry is expecting a
Compound Annual Growth Rate (CAGR) of 6% between 2020 and 2025. However, such growth
may be impacted by mounting geopolitical tensions between the US and China as well as an
oversupply of DRAM which already caused worldwide semiconductor revenue to fall 12% between
2018 and 2019.112

Looking farther into the future, quantum computing, carbon nanotube transistors, and spintronics
are all emerging technologies set to improve or supplant existing approaches to microchips
without relying on the traditional transistors around which Moore’s Law functioned.113 New

113 Rotman.

112 Paul Hill. “Gartner: worldwide semiconductor revenue down 12% in 2019.” Neowin. April 2020.
https://www.neowin.net/news/gartner-worldwide-semiconductor-revenue-down-12-in-2019/.
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research is also exploring other ways to create more compact chips by incorporating
2D-materials which can consist of a single atomic layer.114 This dramatic shift in the
microelectronics sector will of course impact the market as the industry looks ahead at a defining
moment given shifts in priorities for both chip development and procurement.

114 Vienna University of Technology. “New materials for extra thin computer chips.” Science Daily. July 2020.
https://www.sciencedaily.com/releases/2020/07/200713120018.htm.
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METHODOLOGY
In producing this study, our research team reviewed industry reports, market research products, and
trade-specific professional commentary. We also reviewed marketing materials produced by individual
companies. Our team continuously monitors technology news and trade publications related to the
subject of this study.
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