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INTRODUCTORY NOTE

FROM NATIONAL ECONOMIC COUNCIL DIRECTOR BRIAN DEESE AND
NATIONAL SECURITY ADVISOR JAKE SULLIVAN TO THE PRESIDENT

Mr. President:

It is our privilege to transmit to you the first set of reports that your Administration has developed pursuant

to Executive Order 14017, OAmericads Supply Chain
vulnerabilities across four key products thatdliyected your Administration to review within 100 days:
semiconductor manufacturing and advanced packaging; large capacity batteries, like those for electric vehicles;
critical minerals and materiafsdpharmaceuticals and advanced pharmaceuticakinmtgrédPIs).

The enclosed reports are the work of a task force that we convened across more than a dozen departments
and agencies, consultations with hundreds of stakeholders, public comments submitted by industry and
experts, and deep analytic resdaraxperts from across the government. We would like to particularly

thank the four agencies that took the lead in authoring each of the enclosed reports: the Department of
Commerce on semiconductor manufacturing and advanced packaging; the Departarggtarf large

capacity batteries; the Department of Defense on critical materials and minerals; and the Department of
Health and Human Servicparticularlyhe Food and Drug Administrati@mn pharmaceuticals and APIs.

This work has complemented othverk your Administration has undertaken to strengthen U.S. supply

chains, including the work to dramatically expand the supply of d9QWVHacines and other products
essential to Americands health.

Departments and Agencies across your Administraticmhaa | r eady begun to i mpl eme
recommendations. These include steps to strengthen U.S. manufacturing capacity for critical goods, to
recruit and train workers to make critical products here at home, to invest in research and development that

wi || reduce supply chain vulnerabilities, and to v
supply chain resilience. Both the public and private sector play critical roles in strengthening supply chains,
and your Administrationwibant i nue t o wor k with industry, | abor,

chains stronger.

We have already launched the second phase of the supply chain initiative you directed in E.O. 14017, which
reviews six critical industrial base sectors that
industrial base, public health amddgical preparedness industrial base, information and communications
technology industrial base, energy sector industrial base, transportation industrial base, and supply chains for
production of agricultural commodities and food products. We witllvaploto you on those sectors by

February 24, 2022, the gmar mark of your signing E.O. 14017.



The 106eday reports make clear: more secure and resilient supply chains are essential to our national security,

our economic security, and our technolblgiadershipThe wor k of strengthening A
chains will require sustained focus and investment. Building manufagaditg increasing job quality

and worker readiness, inventing and commercializing new products, and stcerajttiemis with

Americads allies and partners will not be done ov

across your Administration to ensure that America

to come.

JAKE SULLIVAN, Assistant to the President for BRIAN DEESE, Assistant to the President for
National Security Affairs Economic Policy and Director of the National
Economic Council



EXECUTIVE SUMMARY
FOR E.O. 14017 REPORTS DUE JUNE 4, 2021

l. Introduction:

The COVID-19 pandemic and resulting economic dislocation revealsthlmtigg vulnerabilities in our

supply chains. The pandemi ¢cds a magisat products inclidingt s o n
essential medicines wreaked havoc on the U.S. healthcare system. As the world shifted to work and learn
from home, it created a global semiconductor chip shortage impacting automotive, industrial, and
communications productsnong others. In February, extreme weather @wexdaserbated ljimate

chang@é further exacerbated these shortages. In recent months the strong U.S. economic rebound and
shifting demand patterns have strained supply chains in other key produsthjmmbehn, @nd increased

strain on U.S. transportation and shipping networks.

On February 24, 2021, President Biden signed Exec
which he directed the U.S. government to undertake a comprehensivé ceitieal U.S. supply chains to
identify risks, address vulnerabilities and develop a strategy to promote resilience. When the President signed

the order, he invoked an old proverb: OFor want o
was | ost. o And on, and on, until the kingdom was
i mpact Americads security, j obs, families, and co

To undertake this comprehensive review, the Biden Administration establishedlagktéorce

spanning more than a dozen Federal Departments and Agencies. Administration officials consulted with
hundreds of stakeholders from labor, business, academic institutions, Congress, and U.S. allies and partners
to identify vulnerabilities addvelop solutions. Federal Departments and Agencies received hundreds of
written submissions in response to requests for public input into the supply chain initiative. Dozens of
experts across the interagency have been conducting detailed studimsppliyJcBains for critical

products and developing policies that will strengthen resilience.

What follows summarizes the findings of the initial set of reviews of the supply chains of four critical
products: semiconductor manufacturing and advancedjipgckarge capacity batteries; critical minerals and
materials and pharmaceuticals and active pharmaceutical ingredients (APIs).

Why Resilient Supply Chains Matter

More secure and resilient supply chains are essential for our national securitynéusecority, and our
technological leadership.

National security experts, including the Depart me
underlying commercial industrial foundations are central to our security. Reports from bo#mReylblic
Democratic administrations have raised concerns a
suppliers;a global supply chain vulnerable to disruption; and competitor country suppliers. Innovations
essential to military preparedfielee highly specialized lithisom batterie® require an ecosystem of

innovation, skills, and production facilities that the United States currently lacks. The disappearance of
domestic production @ssentiantibiotics impairs our ability to countee#its ranging from pandemics to

biot errorism, as emphasized by the FDA®s analysis ¢
Depart ment of Defense, AfAssessing and Strengthening th
Chain Resiliency, 6 2018 (https: /[-1/-td&ASSESSINGANR-Nnse. gov/ 201

STRENGTHENINGTHE-MANUFACTURING-AND-DEFENSEINDUSTRIAL -BASE-AND-SUPPLY-CHAIN-
RESILIENCY.PDF).



Our economic securitysteady employment and smooth operations of critical indusisegequires

secure and resiiesupply chains. For more than a decade, the Department of Defense has consistently

found that essential civilian industries would bear the preponderance of harm from a disruption of strategic
and critical materials supply. The Department of Energytihatetoday, China refines 60 percent of the

worl ddés I ithium and 80 per cent-capatity hattedgesmhicnr | dds cob
presents a critical vulnerability to the future of the U.S. domestic auto industry.

Finally, our domestionovation capacity is contingent on a robust and diversified industrial base. When
manufacturing heads offshore, innovation follows. The Department of Commerce notesstelelarge
public investment in semiconductor fabrication has allowed Koregaivaadese firms to outpace U.S.

based firms. As t he Dutimatelytvailene trives lhoth Qmowatioe and e war n s
operational learning; in the absence of the commercial volume, the United States will not be able to keep up
[ é] witmoltdhgy teicth terms of quality, cost, or wor ki

A New Approach

A resilient supply chain is one that recovers quickly from an unexpected event. Our private sector and public
policy approach to domestic production, which for years, prioritized effici@hmy costs over security,
sustainability arrésiliencehas resulted in the supply chain risks identified in this report. That approach has
also undermined the prosperity and health of American workers and the ability to manage natural resources
domesically and globally. As the Administration sets out on a course to revitalize our manufacturing base
and secure global supply chains, rebuildingsitiencat the national level requires a renewed focus on
broadbased growth and sustainability.

Amei cads approach to resilient suppl yourcuhrigaleds mu st
innovation ecosystem, our people, our vast ethnic, racial, and regional diversity, our small-ambchedium
businesses, and our strong relationshipsailés and partners who share our values.

As multiple reports note, thenited Statesiaintains an unparalleled innovation ecosystem withclasdd
universities, research centers-sfartand incubators, attracting top talent from around the wueld. T
Administration must doubtwn on our innovation infrastructure, reinvesting in research and development
(R&D) and accelerating our ability to move innovations from the lab to the marketplace.

American workers must be the foundation for resili&®slient production requimpgick problem

solving, driven by the knowledgadershipand full engagemesftpeople on the factory floor. Decades of
focusing on labor @cost to becontrolledi not an asset to be investeit mavedepressed reabhges and

driven dowruniondensity for workersyhile also contributiigo c ompani e s dandkeepind enge s
skilled talent. We must focus on creating pathways for all Americans to access well paid jfres with the

and fair choict organizend bargain collectively.

We must ensure that economic opportunities are availalblgarts of theountry and for womepeople

of color, and others who ateo often left behind Inequality in income, race, and geography is keeping

millions of potatial workers, researchers, and entrepreneurs from contributing fully to growth and

innovation. Today, children with the talents to become inventors, are less likely to become patent holders if
they are lovincome, women, African American, Latino, or fi@advantaged regia@n3he

Admini strationds approach must pr ofvwokers, access and
researchers, and business@®ers in the growing industries of the 21st century.

A robust and resilient supply chain must incwtieerse and healthy ecosystem of suppliers. Therefore, we
must rebuild our small and medisimed business manufacturing base, which has borne the brunt of the
hollowing out of U.S. manufacturing. We also need to diversify our international suppidusen

2Al ex Bell, Raj Chetty, Xavier Jaravel, Nevi ana Pet kova
America? The | mportance of Exposure to I nnovlagyti on, 0 N
of-opportunity.org/assets/documents/inventors_summary.pdf).



geographic concentration risk. It is neither possible nor desirable to produce all essential American goods
domestically. But for too long, the United States has taken certain features of globatspatielly the

fear that companies and italpwill flee to wherever wages, taxes and regulations are snasvitable.

In the face of those same pressures, other countries successfully invested in policies that distributed the gains
from globalization more broadly, including to workersraalll lsusinesses. We must press for a host of

measurds tax, laboprotections, environmentsthndards, and mdrehat help shape globalization to

ensure it works for Americans as workers and as f
apprach to resilience must focus on building trade and investment partnerships with nations who share our
valueB valuing human dignity, worker rights, environmental protection, and democracy.

Finally, a new set of risks confronts U.S. policy makers andsdasides. Technological change and the
power of cybeattacks to derail the critical indusitrié®m energy to agricultéireequire new public

private approaches to resilience. And, we must confront the climate crisis. Meeting U.S. decarbonization
aimswill involve a massive domestic build out of clean energy technology; for an issue so central to U.S.
economic and national security, we cannot afford to be agnostic to where these technologies are
manufactured and where the associated supply chainmgndriginate.

A sectdoy sector approach

The BiderHarris Administration has already begun to take steps to address supply chain vulnerabilities. The
Admi ni st r atl9 Respdnse T€ad daaaticallgxpanded the manufacture of vaccines and

othe essential supplies, enabling moretBZmillionAmericans tde fully vaccinatedlhe

Administration has also worked with companies that manufacture and use computer chips to identify
improvements in supply chain management practices that cahestrémegsemiconductor supply chain

over time. Just this year, the Department of Defense announced an investment in the expansion of the
largest rare earth element mining and processing company outside dh€BiderHarris

Administration is also wang to address critical cyber vulnerabitifiesS. supply chains and critical
infrastructur e, including issuing E.O. 14028 on 0O
The recommendations we are releasing today build on this woikvadelppath forward for greater

investment and growth.

Not all recommendations will be relevant to all sectors, and a sector by sector approach will continue to be
necessarMethods of garding against singleurce risk in the critical minerals sugipyn, for example, is

limited in part by where natural resources exist. Tools including ally astidriaggdand stockpiling,

along with investmentssastainabldomestigroduction angbrocessing will all be necessary to strengthen
resilienceSectors where we seek to advance our technological compefitiilenbgghcapacity

batterieB will require an ecosystdmilding approach that includes supporting domestic demand, investing

in domestic production, recycling and R&D, and targeting sapfiwtU.S. automotive workforce.

The remainder of this executive summary covers the E.O. 14017 process, key vulnerabilities across the four
initial critical supply chains; recommendations for securing these vulnerable supply chains; and immediate
actionghe administration should take to address transitory supply chain challenges.

Il. Critical Supply Chains Identified in E.O. 14017

E.O. 14017 directed the government to focus initially on four key sets of products during the first 100 days
following its siging. These initial priority products are:

1 Semiconductor manufacturing and advanced packagingsemiconductors are an essential
component of electronic devices. The packaging, which may contain one or more
semiconductors, provides an alternative avenmadwation in density and size of products.
Semi conductors have become wubiquitous in tod.
grid infrastructure, run critical business and government systems, and are prevalent across a vast
array of productisom fridges to fighter jets. A new car, for example, may require more than
100 semiconductors for touch screens, engine controls, driver assistance cameras, and other

8



systems.The U.S. share of global semiconductor production has dropped from 3drpercen
1990 to 2 percent today, and is projected to decline further without a comprehensive U.S.
strategy to support the indugtry.

9 Large capacity batteries:As the United States transitions away from fossil fuels for power
generation and electrifies automotive and trucking fleets, large cagztiigries for electric
vehicles (EVs) and grid storage will be essential to U.S. economic and national security. Global
demand for EV batteries is projected to grow from approximately 747 gigawatt hours (GWh)
2020 to 2,492 gigawatt hours by 2@disent policy intervention, U.S. production capacity is
expected to increase to only 224 GWh during that period, but U.S. annual demand for passenger
EVs will exceed that capaéitylai nt ai ni ng Americads innovative
automotive sector and other key industrial sectors will require the United States to undertake a
concerted effort tehoreup sustainable critical material supply and processing cagaaity,
domestic battery producticend support EV and storage adoption

9 Critical minerals and materials: The United States and other nations are dependent on a
range of critical minerals and materials that are the building blocks of the productsnye use eve
day. Rare earths metals are essential to manufacturing everything from engines to airplanes to
defense equipment. Demand for many of these metals is projected to surge over the next two
decades, particularly as the world moves to eliminate neteraigsions by 2050. For
example, global demand for lithium and graphite, two of the most important materials for
electric vehicle batteries, is estimated to grow by more than 4000 percent by 2040 in a scenario
where the world achieves its climate go#sgraiphite projected to grow nearly 2500 petcent.
China was estimated to control 55 percent of global rare earths mining capacity in 2020 and 85
percent of rare earths refininglhe United States must secure reliable and sustainable supplies
of critical minerals and metals to ensure resilience across U.S. manufacturing and defense needs
and do so in a manner consistent with Americ

1 Pharmaceuticals and active pharmaceutical ingredients (APIsfhe COVD-19 pandemic
highlighted the critical importance of a resilient U.S. public health industiiéé lsasdinue to
address resilience challenges in the broader pandemic supply chain through actions prescribed in
EO 14001, including a pandemic supply chailience strategy to be completed in July that will
outline objectives and actions for kergn resilienceThanks to the work by both government
and the private sector, in less than a yebiniterl States dramaticéfigreased its capacity for
vacine production. But shortages of critical generic drugs and APIs have plagued the United
States foyears Multiple factors, including lack of incentives to manufacture less profitable
drugs andnderinvestment in quality management, both at home aad,dmeresulted in

3Jack Ewing and Don Clark, ALack of Tiny PaiTheNewDi srupt s
York Times(https://www.nytimes.com/2021/01/13/business/dattioriessemicondator-chips.html).
“Antoni o Varas, Raj Varadarajan, Ji mmy Goodri ch, and Fa
Competitiveness in Semiconductor Manufacturing, 0O Sept el
Industry Association, (httpswivw.semiconductors.org/wpontent/uploads/2020/09/Governméntentivesand
US-Competitivenesin-SemiconducteManufacturingSep2020.pdf).
SiLit-hbomBattery Megafactory Assessment, o Benchmar k Min
(https://www.benchmarkmerals.com/megafactories/).
Al ice Yu and Mitzi Sumangil, ATopl & eRatrtier WeGdmgd ei tMar
February 16, 2021, (https://www.spglobal.com/marketintelligence/enfmesights/blog/topelectricvehicle
marketsdominatelithium-ion-batterycapacitygrowth).
“lnternational Energy Agency, AThe Role of Critical Mi n
(https:/liea.blob.core.windows.net/assets/24d5a@bbad64 -abce
667867207f74/TheRoleofCriticalMineralsinCléamergyTransitions.pdf).
8Carl A. Williams, AChina Continues Dominance of Rare E
Mining.Com, (https://www.mining.com/chireontinuesdominanceof-rareearthsmarketsto-2030-saysroskill).
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fragile supply chains vulnerable to disruption. Fu8thpercent afjeneriddPI facilities are

located overseas which hakpededuce costs by trillions of dollars in the past decadiasbut

left the U.S. health care systemenalble to shortages of essential medicésle lack of

data and supply chain transparency make it difficult to estimate the precise share of key U.S.
drugs and APIs imported from abroad, China and India are estimated to control substantial parts
of the supply chaif. A new approach is needed to ensure that Americans have reliable access

to the lifesaving medicines they need.

Il. Drivers of Supply Chain Vulnerability:

Across the four critical produ@tand the diverse supply chains that undgrpimi the Administration

assessed a wide range of supply chain risks and vulnerabilities. The Administration examined risks
throughout the supply chains, from the sourcing of raw materials through the manufacture and distribution
of finished goods. dkossthe reports, there are a set of inddaited themes and findings that contribute to
supply chain vulnerabilities. These are:

1. Insufficient U.S. manufacturing capacity:U.S. manufacturing capabilities have declined over
the several decades. The firsade®f the century was particularly devastating for U.S.
manufacturing with the loss of eh&d of manufacturing jobs between 2000 and2@dall
and medium enterprises (SMEs) were particularly hard hit. Some of this decline can be
attributed to comgdtition from low wage natigh®conomists have estimated that about 25
percent of the job losses can be attributed to the rise of China, particularly following its entrance
into the World Trade OrganizatigiBut the United States has also seen produgtieityh
stagnate internally and compared to economic peers, for example, trailing Germany on average
and in most industriés.Today, in the Unites States, SMESs are often less productive than large
manufacturers. Count ers taor ep ocpounhianrg ,bdée | niaenfys SN
manufacturers are underinvesting in new technology to increase their productivity.

Our loss of manufacturing capabilities has led to a loss in innovation ¥dganitjacturing
capabilities underpin innovation in a rangecafymts and once lost, are challenging to build
back. Inrecent decades, when production capacity headed overseas, the R&D and broader
industrial supply chains often followed.

2. Misaligned Incentives and shoritermism in private markets: All four reportanake clear
that current U.S. market structures fail to reward firms for investing in quality, sustainability or

9 Food and Drug Administration, Testimony before the House Committee on Energy and Commerce, Subcommittee

on Health regarding ASafeguarding Pharmaceutical Suppl)
(https://www.fda.gov/newevents/congressionédstimony/safeguardingharmaceuticasupply-chainsglobal
economy10302019).

®Yangzong Huang, fAU.S. Dependence on Phar maceutical Pr ¢
Foreign Relations Blog, (https://www.cfr.org/blog/despendenc@harmaceutial-productschina).

O0rganization for Economic Cooperation and Devel opment
New Production Innovation Par adi g msmaaufat@idgdeclinegandt t ps: / / w
the-rise-of-newproductioninnovation
paradigms.htm#:~:text=The%20number%200f%20manufacturing%?20jobs,just%2012.3%20million%20in%202016)

2pavid H. Autor, David Dorn, and Gordon H. Hanson, HAThe
Import Competition in the United Stae &medican Economic Reviel®3, no. 6, 2013
(https://pubs.aeaweb.org/doi/pdfplus/10.1257/aer.103.6)2121
BMartin Neil Baily, Barry Bosworth, and Siddhi Doshi,
United States, and Germany, 0 2019, The-Brookings I nsti:
content/uploads/2020/01/E530.20BailyBosworthDoshi.pdf)
14 Gary P. Pisano and Willy C. ShiRroducingProsperity: Why America Needs a Manufacturing Renaissance
(Boston: Harvard Business Press, 2012).
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longterm productivity. For exampddsoutdrug shortages over the past decade, the

Department of Health and Human Services writes in its tepe caye of these failures is the
inability of t he Aloaverkageandlovekilledwarkfodcemayal i ty. 6
increase a firmds quarter | yr oeaadrdn isnt g sa,t ebgu te sr ec
wages without harming ptefis Other kinds of investmeiiitan capabilities for continuous

improvement or in reducing lead fimiacur an upfront cost, but lead to improved

performance in both normal and crisis petfotllderinvestment in cyber security has left

companies and critical infrastructure vulnerable to hacks and other cyberattacks.

A focus on maximizing shdgrm capital returns hizsitot he pri vate sector ds
in longterm resiliencefFor example, firms in the S&P 500 Index distributed 91 percesit of

incometo shareholdeiia eitherstock buybacks or dividends between 2009 anédl Zbi8has

meant a declining share of corporate income going into R&D, new facilities or resilient

producton processes.

3. Industrial Policies Adopted by Allied, Partner, and Competitor NationsAs U.S.
investment in the domestic industrial base has declined, our allies, partners and competitors have
adopted strategic programs to advance their own daroegietitiveness. The Department of
Energyds analysis of the advanced battery su
support for demand policies, investment incentives, and regulatinatdoih the EU and
memberstate levél to stimulate dom#és production of electric vehicles and lithiam
batteries. After a 2019 EU report designating the batstyadégic interestine EU
announced a $3.5 billion R&D fund to increas
of Co mme sigdf thesglotmlrsenicgnductor supply chain notes ailwaglobal
leader in production of the most advanced semiconductdr ghipsdessubsidies for
fabrication facilities including 50 percent for land costs, 45 percent for construction and facilities
and 25 percent for semiconductor, in addition to R&D investments and other incentives. South
Koreads and Singaporeds semiconduct o8B0 subsi d
percent.

Across all four reports, China stands out fagitgesive use of measuiemany of which are

well outside globally accepted fair trading préicticetimulatelomestic production and

captue global market share in critical supply chains. Several strategies, including public
investments in R&D, domestic deahdncentives, and strategic international partnerships have
been used to support batsiliencend competitiveness of key economic sectors.

4. Geographic concentration in global sourcing:To ensure resilient supply chains, it is essential
that they be globalizeHlowever, the search for lmw@st production, combined with the
effective industrial policy of key nations, has led to geographic concentrations of key supply
chains in a few natis, increasing vulnerabilities for United States and global producers. Such
concentration leaves companies vulnerable to disruption, whether caused by a natural disaster, a

BThomas A. Kochan, Eileen Appelbaum, Jody Hoffer Gittel
Dimensiono f Sustainable I nvestment: What I nvestment Anal ysi
(https://papers.ssrn.com/sol3/papers.cfm?abstract_id=22R2657
16 Suzanne de Treville and Lenos Trigeorgis, "It May Be Cheaper to Manufacture at Htametd Business
Review October 2010 ,https://hbr.org/2010/10finay-be-cheapetto-manufactureat-home. JP MacDuffie, Daniel
Hel l er, and Takahiro Fujimoto, @ABui |l dfianngd eSwipcp IWo rQhdaion
Wharton School Working Paper, 20@tttps://mackinstitute.wharton.upenn.edu/2021/builesogply-chain
continuity-capabilitiesfor-a-postpandemieworld).
YWilliam Lazonick, Mustafa Erdem Sakin-, and Matt Hopki
E ¢ o n o HayardBusiness Reviedanuary 7, 2020 (https://hbr.org/2020/01/vgtgckbuybacksaredangerous
for-the-economy).
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geopolitical event or indeed, a global pandemic. From the studies conduetetctqp & <.

14017, it i s clear in the Department of Comm
dependent on specific countries for parts of the value chain of all of these products. The global
economy depends on Taiwanese firms for 92 pefdeatlingedge semiconductor production.

China has over 75 percent of global cell fabrication capacity for advanced batteries, as noted in

t he Department of Energyds report. While the
suggests India and Chicompete for market share of many U.S. medicines, industry analysis
suggests India imports nearly 70 percent of its APIs from China.

5. Limited International Coordination: Prior to the COVID19 pandemic, the U.S. government
underinvested in internationdiplomatic efforts to develop collective approaches to supply
chain security. While expanded domestic production of critical goods must be part of the
solution to Americads supply chain vulnerabi
needed pragcts at home. Moreover, the United States has a strong national interest in U.S.
alliesand partnersnproving the resilience of their critical supply chains in face of challenges
such as the COVI29 pandemic, extreme weather events due to climate ehdnge
geopolitical competition with Chintghat affect both the United States and our allies. Yet aside
from a handful of pilot projects and other comparatively small diplomatic and multilateral
initiatives to secure supply chains, the United States bgsteimatically focused on building
international cooperative mechanisms to support supply chain resilience.

It will take a concerted effort over the shonediurnand longterm to adequately address these and put

U.S. supply chains on stronger faptiithe following recommendations provide an overarching framework

for doing so that will ensure the countryds natio
going forward.

RECOMMENDATIONS

The four reports delivered to the Presitlafly contain numerous recommendations to strengthen the
individual product supply chains. There are also severalitingghemes and recommendations that,
collectively, will not only strengthen the four prioritized supply chains, but also lvitheebus. industrial
base and innovation engine.

We divide the recommendations into six categories: 1) Rebuilding our production and innovation

capabilities; 2) supporting the development of markets with high road production models, labor standards,

ad product quality; 3) Il everaging the government &
rules, including trade enforcement mechanisms; 5) working with allies and partners to decrease vulnerabilities
in the global supply chains; apgd&tnering with industry to take immediate action to address existing

shortages.

1. Rebuild our production and innovation capabilities

Longterm competitiveness will require an ecosystem of production, innovation, skilled workers, and diverse
small anenediumsized suppliers. Those ecosystgrsinded in regions across the couarteythe

infrastructure needed to spur private sector investment in manufacturing and innovation. But that
infrastructuravill notberebuiltor sustained without the suppand leadership of the federal government.
Specific recommendations to rebuild our industrial base include:

Enact new federal legislation that will strengthen critical supply chains and rébirtduslingnitlassfiatrhatee
investments within the American Jobs Plan:

1 Provide dedicated funding for semiconductor manufacturing and R&DWe recommend
thatCongress support at least $50 billion in investments to advance domestic manufacturing of
leading edge semiconductors; expand capaugyure nodand memory production to
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support critical manufacturing, industrial, and defense applicatiomsrreotd R&D to ensure
the next generation of semiconductors in developed and produced in the United States.

1 Provideconsumer rebates and tax incentives t&pur consumer adoption of EVs:We
recommend Congreasthorizenew and expandéttentives to spuoasumer adoption of
U.S:madeelectric vehiclesn additionwe recommend Congress app&ivéillion to electrify
the federal fleet with U-®ade EVs an#i15 billion in infrastructure investment to build a
national charging infrastructure to faciliteé@ationwideadoption of EVs.

9 Provide financingacross the full battery supply chain In line with the American Jobs Plan,
we recommend th&ongress establisbw incentive® support battery cell and pack
manufacturing in the United Statasludng grant programs that can help entrepreneurs who
do not have the ability to access tax credits in the shdrt ke immediate terrihe
Depart me ntLoanfProdgiame Officey shauld useAldeanced Technology Vehicles
Manufacturing Loan Program, which has approximately $17 billion in loan authority, to
expeditiouslyeview applications from critical material and mineral refining and processing
facilities and to requip, expand, or establiabilities for manufacturing advanced technology
vehicle battery cells and pdokhie United States.

i Establish a new Supply Chain Resilience Prograrfie recommend th&tongress enact the
proposed Supply ChdResiliencrogram at the Department of Goerce, to monitor,
analyze, and forecast supply chain vulnerabilities and partner with industry, labor, and other
stakeholders to strengthen resilience. We recommend Congress back this program with $50
billion in funding that will give the federal govemirihe tools necessary to make
transformative investments in strengthening U.S. supply chains across a range of critical
products.

1 Deploy the Defense Production Act (DPA) to expand production capacity in critical
industries: We recommend establishingew interagency DPA Action Groupgcommend
ways tdeverage the authorities of the DPA to strengthen supply chain resilieaextent
permitted by lawThe DPA has been a powerful tool to expand production of supplies needed
to combat the COVIEL9 pandemic, and has been used for years to strengthen Department of
Defense supply chains. The DPA has the potential to support investment in other critical
sectors and enable industry and government to collaborate more effectively.

Increase publisiments in R&D and commercialfkatigrroducts:

1 Investin the development of next generation batteriedVe recommend théte Energy
Departmentnd other federal agencies continue to support technologies that will reduce the
critical mineral requirements of next generation electric vehicle and grid storage technologies,
and that improve U.S. competitiveness in this critical sector. Among ottiesphie Lhited
Stateshould focus onf1)reducing or eliminating critical or scarce materials needed for EV or
stationary storage, including cobalt and n{2ketcelerating battery technology advances
including next generation lithium ion athdum metal batteriesdsolid state design, af®)
devel oping innovative methods and processes |
reclaim key materials, andinteoduce those materials to the battery supply chain.

1 Investin the developnent of new pharmaceutical manufacturingnd processes We
recommend the Department of Health and Human Sethie@epartment of Defensand
other agencigscrease their funding of advanced manufacturing technologies to advance
continuous manufactag and the biomanufacturing of APIs. American Rescue Plan funds
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could be targeted to increase production of key pharmaceuticals and ingredients, including using
both traditional manufacturing techniquesaagdleratingn-demand manufacturing

capabilities for supportive care fluids, APl and finished dosage form drugs in modular, highly
portable platforms.

Use immediate administrative authorities to support an ecosystem of producers and innovatbrs including SMEs
workers:

1 Work with industry and labor to create pathways to qualitypbs, with a free and fair
choice to join a union,through sectorbased community college partnerships,
apprenticeships and orthe-job training: The Depart ment ofndLabor ds E
Training Administration (ETA) should support seotmed pathways to jobs, for example in
the semiconductor industry. We recommend that the Administration use ETA funds to work
with industry and labor, community colleges, angnmdit partners to saport pathways to
advanced manufacturing employment through Registered Apprenticeship anobliogms
supporting other labananagement training programs

1 Supportsmall, medium and disadvantaged businesses in critical supply chairithe Small
Business dministration (SBA) shoudipportthe dversification of critical suppliers through a
targeted effort to better coordin&d Aréinge of investment and technical assistance programs
for small businesses atisadvantagdams in the four targeted indres and firms seeking to
enter those industrieSBAlending and investment products provide vital capital to small
businesses, and the Small Business Investment Company program ettfens dajuity
investment in critical competitiveness sectorsSifiladl Business Innovation Research and
Small Business Technology Transfer competitive programs, will support a diverse portfolio of
small businesses to meet research and development needs, and increase commercialization.

1 Examine the ability of the U.S. Exportimport Bank (EXIM) to use existing authorities
to further support domestic manufacturing: We recommend that EXIM develop a proposal
for Board consideration regarding whedinerhow tdmplemen& new Domestic Financing
Progam to support the establishment and/or expansion of U.S. manufacturing facilities and
infrastructure projects in thimited Statethat would support U.S. exporfBhe proposatould
support and facilitate U.S. exports while rebuilding U.S. manufactpaicity .

2. Support the development of marketthat invest in workers, value sustainability, and drivguality

The resilience of national supply chaioslisas good dke resilience of supply chains at the firm level.

Harnessing and unleashing thegyamd ingenuity of the private setttamprove resilience will lead to
strongemnational supply chain resilience. Standards and data are povedifat edtmw firms to

differentiate their products and services on more than justaticeeate maret o pul | 6 t owar d @
t h e . Thege deports identify key areas where government could play a more active role in setting

standards and incentivizing highd business practices. By establishing strong domestic standards or
advocating fortheesa bl i shment of gl obal standards, the Unit
to creat and adopt resilient practices.

1 Create 21st century standards for the extraction and processing of critical minerg¥e
recommend that the governmentykiry with private sector and rgavernmental
stakeholders, encourage the development and adoption of comprehensive sustainability
standards for essential minerals, such as lithium, cobalt, nickel, copper, and other minerals. We
further recommend estatbling an interagency team with expertise in mine permitting and
environmental law to identify gaps in statutes and regulations that may need to be updated to
ensure new production meets strong environmental standards throughout the lifecycle of the
project ensure meaningful community consultai@hconsultatiowith tribal nations,
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respecting the governmdotgovernment relationshit all stages of the mining process; and
examine opportunities to reduce time, cost, and risk of permitting withowmisimgrthese
strong environmental and consultation benchmarks.

91 Identify potential U.S. production and processing locations for critical mineralsiVe
recommend that federal agencies, led by the Department of Interior with the support of the
White Houséffice of Science and Technology Policy, establish a working group comprised of
agencies such as thepartment of Agriculture, tBvironmental Protection Ageneynd
othersto identify potential sites where critical minerals could be sustainably and responsibly
produced and processed in the United States while adhering to the highest environmental, labor,
community engagement, and sustainability standéedecommend thétderal agencies work
with the private sector, states, tribal nations, and stakéhatd&rding representatives of
labor, impacted communities, and environmental justiceflemdexpand sustainable,
responsible critical minerals production and pingaaghe United States.

1 Improve transparency throughout the pharmaceuticals supply chairHHS should develop
and make recommendations to Congress on providing the department with new authorities to
track production by facility, track APl sourcing raqdire API and finished dosage form
sources can be identified on labeling for all pharmaceuticals sold in the United States. Currently,
there is little transparency into the origins of API within generic drugs, which represent, 90
percent of all pharmageals consumed in the United States.

3. Leverage t he g o werchaserefrand@gestar im tridcal gonds a

As a significant customer and investor, Federal Government has the capacity to shape the market for many
critical products. The publiector can depldpis power in times of criBisuch as in the recent public

private partnerships to facilitate development and delivery of a @@V#Hacin@ or in normal times. The
Administration should leverage this role to strengthen supply chaiteesild support national priorities.

1 Use federal procurement to strengthen U.S. supply chaingVe recommend thai
connectionwith he Admi ni strationds oOMade in Americabo
Biden Administration establish a list ofgiested critical products tlitatecommendeeceive
additional preferences under the Buy AmericaanfldEAR Council regulaticiasensure that
the federal government procures-th&de critical product$resident Biden has directed the
Administration to strengthen federal Buy American requirements, which require that U.S.
taxpayer dollars generally be spent on products made in the United States. Federal procurement
has the potential to support U.Sdurction of critical products by creating a stable source of
demand for U.Snade producis thereby providing an incentive for the private sector to invest
in U.S. manufacturing.

1 Strengthen domestic production requirements in federal grants for sciencedaclimate
R&D: I'n I'ine with the Pr e swvieckombeddsthBiderdgriai gn com
Administration shouldpdate manufacturing requirements in federal grants, cooperative
agreements and R&D contracts to ensure that taxpayer funded R&Dpeadiscts made in
the United States. We recommend that the Department of Energy immediately strengthen
domestic manufacturing requirements for grants, cooperative agreements and R&D contracts,
including those related to lithium batteries, using the Dreéoms of Exceptional
Circumstances under the B&gdie Act and other legal means. In addition, an interagency
working group should be established to identifypbastices and develop and implement
further improvements across the government.



1 Reformand strengthen U.S. stockpilesfor too long, the strategic stockpiles of the United
States have been neglected, and at times, its funds have been used to offset other costs. The
rehabilitation of stockpiles of medical goods and devices, espeaaityfibbsthe ongoing
COVID-19 pandemic, is already under way. However, similar action needs to be taken to
recapitalize and restore the National Defense Stockpile of critical minerals and materials. In the
private sector, we recommend that indushégshtive faced shortages of critical goods evaluate
mechanisms to strengthen corporate stockpiles of select critical products to ensure greater
resilience in times of disruption.

1 Ensure that new automotive battery production in the United States adhereshigh
labor standards: Tax credits, lending and grants offered to businesses to produce batteries
domesticallghould, to the extent permitted by lemsure the creation of quality jobs with the
free and fair choice trganizeand bargain collectivéty workersin newappropriationswe
recommend thalongress inclugeevailing wage requirements, similar to those included in the
American Recovery and Reinvestment Act of 20@Yecommend th&@ongress also include
standards that cover construatisuch agl) mandateliring percentages from registered
apprenticeships and other labor or labanagement training programs; (2) project labor,
community labor and local hire requirements; and (3) employer neutrality aghMEments.
recommend impleme&ng similar standards for production workire.resulting high
productivity allows these firms both to pay high wages and be préfitable

4. Strengthen international trade rules, including trade enforcement mechanisms

Whilethe Administration welcomfsgr competition from abroad, in too many circumstances unfair foreign
subsidies and other trade practices have adversely impacted U.S. manufacturing and more broadly, U.S.
competitiveness. The practice of sobsidizeanindustryand du
gain market share and then flood the market with cheaper products to wipe out competition, has been
documented in a number of industries including pharmaceuticals and clegnTéretdys. government

must implement a compreheesstrategy to push back on unfair foreign competition that erodes the

resilience of U.S. critical supply chains and industries more broadly.

1 Establish a trade strike force:We recommenthe establisment ofa US Trade
Representatived trade strike foeto identifyunfair foreign trade practices that have eroded
U.S. critical supply chaansd torecommendradeactiors to address such practicé¥e also
recommend that supply chain resilience be incorporated into the U.S. trade policy approach
towardsChina. We also recommend that the trade strike force elamaeésting U.S. trade
agreementasnd future trade agreements and measamdslstrengtheithe United Statesd
collective supply chain resilience.

1 Evaluate whether to initiate a Section 232 investigation on imports méodymium
magnets: Neodymium (NdFeB) permanent magnets play a key role in motors and other
devices, and are important to both defense and civilian industrial uses. Yet thevilyS. is hea
dependent on imports for this critical product. We recommend that the Department of
Commerce evaluate whether to initiate an investigation into neodymium permanent magnets
under Section 232 of the Trade Expansion Act of 1962.

18 Susan Helper, Ryan Noonan, Jessica R. Nicholson, and David Lahgoh,e Benef it s and Costs o
Apprenticeship: A Business Per GapedNestdarnReserve Ubieersiyr t ment of
November 2016 (https://files.eric.ed.gov/fulltext/ED572260.pdf).
®Chris Martin, fAChina Flooded U. SBloombetghebrGaoyll® 2018Panel s B
(https://www.bloomberg.com/news/articles/2608 16/chinafloodedu-s-with-solarpanelsbeforetrump-s-tariffs).
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5. Work with allies and patners to decrease vulnerabilities in the global supply chains

TheUnited Statesannot address its supply chain vulnerabilities alone. Even as we make investments to

expand domestic production capacity for some critical products, we must work @it phigsers to

secure supplies of critical goods that we will not make in sufficient quantities at home. Moreover, in an
interconnected world, the United States has a strong interest in ensuring its allies and partners have resilient
supply chains as el We must work with Americabds allies an:i
chain resilience, while ensuring high standards for labor and environmental practices are upheld.

1 Expand multilateral diplomatic engagement, includinghosting a new Residential
Forum: We recommend expanding multilateral diplomatic engagement on supply chain
vulnerabilities, particularly through groupings efrikded allies such as the Quad and G7.
We also recommend that the President convene a global forumipclsippesilience that
will convene key government officials and private sector stakeholders from across key U.S. allies
and partner® collectively assess vulnerabilities and develop collective approaches to supply
chain resilience.

1 Leverage the U.SDevelopment Finance Corporation (DFC) and other financing tools to
support supply chain resiliene: We recommend that the DH@rease capacity for
investments in projects that will expand production capability for critical products, including
critical minerals and other products identified pursuant to the E.O. 14017 process. U.S.
development and international finance tools aff@werful avenue for working with allies and
partners to strengthen supply chains for key products. While the United States cannot
manufacture or mine all products, it can use financial tools to ensure that the manufacturing and
mining that takes plaeksewhere supports supply chain resilience and upholds international
standards of environmental and social performance.

6. Monitor near term supply chain disruptions as the economy reopens from the COUD®
pandemic

The U.S. economic relief efforts, pawddt h t he Admini strationds successf
helped to revive the U.S. economy after a historic pandemic. As the United States and the broader global
economy emerge from the pandemic, we have already seen signs of new pressurebainssapshyifts

in demand and supply emerge, and as the global vaccination campaign continues.

While these shetérm disruptions are to be expected, the Administration has the responsibility to monitor

these developments closely and identify actiminsatin be taken to minimize the impacts on workers,

consumers, and businesses.

Building off the lessons from the ¥y review, the Administration should:

9 Establish a Supply ChairDisruptions Task Force: We recommend the Administration
establish aew Sipply ChaiisruptionsTask Forcéhatwill provide an athff-government
response to address naam supply chain challenges to the economic recovery. The Task
Force will be led by the Secretaries of Commerce, Transpatatidgriculture and withdus
on areas where a mismatch between supply and demand has been noted over the past several
months: homebuilding and construction, semiconductors, transportation, and agriculture and
food. The Task Force will bring the full capacity of the federaigewt to address néarm
supply/demand mismatches. It will convene stakeholders to diagnose problems and surface
solutioné large and small, public or priviateat could help alleviate bottlenecks and supply
constraints.

1 Create a data hub to monitonear term supply chain vulnerabilities:We recommend that
the Commerce Department lead a coordinated effort to bring together data from across the
feder al government to improve the federal go
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disruptions and iprove information sharing between federal agencies and the private sector to
more effectively identify near term risks and vulnerabilities.
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EXECUTIVE SUMMARY

Semiconductors are the material basis for integrated circuits that are essential to modern day life and are used
by the typical consumer on a dalily, if not hourly, basiseiimnductebased integrated circuit is the

ODNA6 of technology and has transformed essenti al
transportation to healthcare, telecommunications, and the Intéraeemiconductor industry is a major

engine for U.S. economic growth and job creation. Semiconductors are used in virtually every technology
product and underpin stasbthear t mi | i t ary systems. Semi conductor
everyday life and can be found in houdeteshs such as light switches, garage door openers, and

refrigerators, as well as in more complex products such as mobile phones, computers, and automobiles.

The U.S. semiconductor industry accounts for nearly half of global semiconductor revensteangeoth
semiconductor manufacturing capacity on U.S. soil has fallen from 37 percent 20 years ago and stands at
about 12 percent of global production. U.S. companies, including major fabless semiconductor companies,
depend on foreign sources for sermdcetors, especially in Asia, creating a supply chain risk. Many of the
materials, tools, and equipment used in the manufacture of semiconductors are available from limited
sources, semiconductor manufacturing is geographically concentrated, andtiba pfddadingdge
semiconductors requires mbitiion dollar investments.

TheCOVID19 pandemic demonstrates the i mportance of s
urgent challenges including their use in enabling technology for findiregtseaaring for patients,

working and studying from home, and ordering groceries and other essential products. Shortages of certain
semiconductors during the pandemic also reveal the importance of ensuring stable, resilient supply chains for
these vitgbroducts.The industry is currently undergoing a shortage due to multiple factors, including
unexpected shifts in global demand following the C@9Ipandemic and events that disrupted specific

major semiconductor manufacturing centers, such as tl2®24artyorms in Texas that caused a shutdown

of several semiconductor manufacturing plants.

This report examines the semiconductor supply chain through five related essential segments: (1) design; (2)
fabrication; (3) assembly, test, and packaging (AlT&\eamced packaging; (4) materials; and (5)
manufacturing equipment.

1 Design: The U.S. semiconductor design ecosystem is robust and world leading, but U.S. companies are
highly dependent on sales to China for continued profit growth and deeseaticand development
(R&D) investment. In addition, U.S. design companies depend on limited sources of intellectual
property (IP), labor, and manufacturing that are essential to bring products to market.

I Fabrication: The United States lacks sufficeagacity to produce semiconductors. The United States
relies primarily on Taiwan for leading edge logic chips and relies on Taiwan, South Korea, and China to
meet demand for mature node chips.

1 ATP and Advanced Packaging:For relatively lowech baciendsemiconductor ATP, the United
States is heavily reliant on foreign sources concentrated in Asia. Furthermore, as chips become
increasingly complex, advanced packaging methods represent a potential area for significant technological
advances. Howeveretblnited States lacks the necessary materials ecosystem and is also not a cost
effective location to develop a robust advanced packaging sector while massive Chinese investments
threaten to upend the market.

1 Materials: The production of semiconductoegjuires hundreds of materials, presenting challenges in
manufacturing supply chains. Many of the gases and wet chemicals for semiconductors are produced in
the United States, but foreign suppliers dominate the market for silicon wafers, photomasks, and
photoresists.

T Manufacturing Equipment: The United States has a significant share of global production of most
types of froneend semiconductor manufacturing equipment, with the notable exception of lithography
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equipment production, which is concentratelde Netherlands and Japan. With limited semiconductor
manufacturing occurring in the United States, these equipment manufacturers are heavily reliant on sales
outside of the United States.

This review identifies eight crasiting risks that enconggamost of the identified threats to semiconductor
supply chains: (1) fragile supply chains; (2) malicious supply chain disruptions; (3) use of obsolete and
generationsld semiconductors and related challenges for continued profitability of comgensgiplyt

chain; (4) customer concentration and geopolitical factors; (5) electronics production network effects; (6)
human capital gaps; (7) IP theft; and (8) challenges in capturing the benefits of innovation and aligning
private and public interests.

The following policy recommendations are designed to atidreasrent semiconductor shortage and the
risks identified in the report

1. Promote investment, transparency, and collaboration, in partnership with industry, to address
the semiconductor shortageWhile the private sector must take the lead in addressing the shortage in
the near term, U.S. government can assist in mitigating the current shortage by redoubling partnerships
with industry to facilitate information flow between semiconductor procuterspliers and end
users; strengthening engagement with allies and partners to promote fair semiconductor chip allocations
and increased investment and to increase production; and advancing the adoption of effective
semiconductor supply chain manageamhsecurity practices by companies.

2. Fund the Creating Helpful Incentives for Production of Semiconductors (CHIPS) for America
provisions in the Fiscal Year (FY) 2021 National Defense Authorization Act (NDAAYhich
authorized programs to: (1) incengiviranufacturing through federal financial assistarmestouct,
expand, or modernizemiconducterelatedacilitieso supportsemiconductor fabrication, ATP, and
advanced packagiagd (2) advandé®&D technology prototyping via a new National Semiconductor
Technology Center (NSTC).

3. Strengthenthe Domestic Semiconductor Manufacturing Ecosysterthrough legislative action to
i mpl ement the ideas put fort h ieincerRive®tssumppertrkey Bi der
upstreami includingsemiconductor manufacturing equipment, materials, aritd glagewnstream
industries to offset high operational costs in the United States, continued support for investment in the
United States through progrdms ke t he Depart ment of Commerce | nt
SelectUSpand support for manufacturing through a new Department of Commerce National Institute
of Standards and Technology (NIST) Manufacturing USA Institute, as requested ingdhe Présedd 2 0 2 2
Budget.

4. Support Manufacturers, Particularly Small and Mediur$ize BusinessesiaR&D resources to
prove emerging technologies and financing to move from the lab tcamédukedress capital needs for
growth.

5. Build a Diverse and Accessible @lent Pipeline for Jobs in the Semiconductor Industrthrough
significant investments to grow and diversify ¢t}
Employment and Training Administration sebtmed pathways and training progrpuoidic/private
investments to help fund workforce development, and changes in immigration policies to attract the
worl ddés best and brightest minds.

6. Engage with Allies and Partners on Semiconductor Supply Chain Resiliertmg encouraging
foreign foundriesral materials suppliers to invest in the United States and other allied and partner
regions to provide a diverse supplier base, pursuing R&D partnerships, and harmonizing policies to
address market imbalances andmarket actors.

7. Protect U.S. Technological Advantage in Semiconductor Manufacturing and Advanced
Packagingby ensuring that export controls support policy actions to address national security and
foreign policy concerns related to the semiconductor manufacturing aoceldapleekaging supply
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chain and that foreign investment reviews consider national security considerations in the semiconductor
and advanced packaging supply chain.

INTRODUCTION

Semiconductors are the material basis for integrated circuits that &ktesaedern day life and are used

by the typical consumer on a dalily, if not hourly, basis. The semicdrabgertantegrated circuit is the

ODNAG6 of technology and has transformed essenti al
transporation to healthcare, telecommunications, and the Internet. The semiconductor industry is a major
engine for U.S. economic growth and job creation. Semiconductors are used in virtually every technology
product and underpin stagéthe-art military systesn. Semi conductors are an int
everyday life and can be found in household items such as light switches, garage door openers, and
refrigerators, as well as in more complex products such as mobile phones, computers, and automobiles.

According to the most recent data from the Bureau of the Census, about 733 firms located in the United
States were involved in semiconductor device manufacturing (North American Industry Classification System
(NAICS) 334413)n 2017, and an additiondDifirms manufactured the equipment used to make
semiconductors (NAICS 3332242)he majority of these firms are small: only 69 semiconductor device
manufacturers and 22 semiconductor machinery manufacturers have 500 employéddeasoner by
valueadded, these two semiconductor industry sectors contributed $35 billion to the U.S. economy in 2019,
accounting for approximately 1.4 percent total U.S. manufacturing valéie added.

The two semiconductor industgfated NAICS categories directly empl@9&d400 workers in 2019,

accounting for 1.6 percent of total U.S. manufacturing employment. Thesegaadityigivelpaying jobs:

the semiconductor manufacturing workforce earned an average of $163,871 per person in 2019, more than
twice the averagerfall U.S. manufacturing workers ($693R#jhteen U.S. states have major

semiconductor manufacturing operations, according to the Semiconductor Industry Association (SIA).

These statistics, however, capture only a portion of the overall semicomtusttgrand therefore

understate its importance to the U.S. economy. Information on the broader industry further highlights its
importance to the U.S. econon®JA estimates that the U.S. semiconductor industry had $208 billion in

annual sales in 202@pturing nearly half of the world market. Despite the global CTjBndemic,

worldwide sales of semiconductors increased by 6.5 percent in 2020. SIA estimates the global semiconductor
market will reach $726 billion in annual sales by 2027, a compoual growth rate of 4.7 percent.

Further, SIA estimates that each direct job in the semiconductor suysbrys nearly five additional

jobsé Semiconductors are alsmajor export for the United States with $47 billion in export sales in 2020,
ranking fourth overall, after aircrafts, refined oil, and cridde oil.

Semiconductors powdrtually every sector of the econfinirycluding energy, healthcare, agriculture,

consumer electronics, manufacturing, defense, and transportation. Worldwidedsemamdfiductors in

2019 by end use was: mobile phones (26 percent), information and communications infrastructure (including
data centers, communications networks) (24 percent); computers (19 percent), industrial (12 percent),

INote that NAICS 334413 also includes manufacturers of
review, such as laser and light emitting diodes, fuel cells, and solar cells.

2 Covered by NAICS 334413 and 333242, respectively.

2017 SUSB Annual Data Tables by Establishment

I n
“A2019 Annual Survey of Manufactures (ASM), NAICS

dustr
33324

5Bureau ofLabor Statistics, Quarterly Census of Earnings and Wages, NAICS 333242 and 334413.

A Semi conductor Industry Association Briefing to the Bu
Association, February 21 2021); "Chipping In: The Positiapdct of the Semiconductor Industry on the American
Wor kf orce and How Feder al Il ncentives Wil l ncrease Dom
2021).

‘Dat aweb, AU.S. Census Trade Statisticso, (U.S. I nt er na
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automotive (10 percent) daronsumer electronics (10 perceitinong these diverse applications, those
that directly support national security and critical infrastructure account for about nine percent of
semiconductor demand. These critical semiconductor end uses incluslant:Bare®space,
telecommunications networks, energy and utilities, healthcare, and financiaBfericesand other
government use is slightly over one percent of worldwide consumption of semicéhductors.

In addition to the central role they prathie U.S. economy, semiconductors are essential to national security.
Semiconductors enable the development and fielding of advanced weapons systems and control the operation
of the nationds critical i nf r ad virtuallycevenymaditary systemey ar
including communications and navigations systems and complex weapons systems such as those found in the
F35 Joint Strike Fighwierd t elchheryo laa gei e&se yo ft ot it eh ef wtnu
intelgence and 5G, which will be essential to achiev
nati onal economyo6 identified as a critical Americ
Strategic Guidanéeln addition, the developmesftadvanced autonomous systems, cybersecurity, space

and hypersonics, and directed energy is also dependent on semiconductor technologies.

The COVID-19 pandemic further increased the importance of semiconductors. Semiconductors have been

an enabling teablogy for finding treatments, caring for patients, working and studying from home, and
ordering groceries and other essential products, demonstrating the important role that semiconductors play in
meeting both the nat i onléngesan drises.hShortagesroficertdis mo st wur
semiconductors during the pandemic also reveal the importance of ensuring stable, resilient supply chains for
these vital products.

A sudden supply chain shock could haveradahing and unforeseen impact irohtiyese areas, not only

for specific industries, communities, and workers, but also potentially affecting national security and critical
infrastructure. For example, SIA estimates that a disruption in the produatimncbips at foundries in
Taiwancouldresult in nearly $500 billion in lost revenues for electronic devices manufacturers that depend
on this suppl§z

The semiconductor industry is currently undergoing just this type of supply disruption2020méd

global chip shortage begannmeege when automakers warned that relatively inexpensive semiconductors
used in automobiles were becoming scarce and that this would potentially disrupt vehicle production. The
initial disruption was due to major demand shocks from the Cfpandemicln the second quarter of

2020, at the height of the panderalated economic slowdown, auto parts suppliers cancelled orders for
chips due to a sixeek industry shutdown to mitigate the spread of the pandemic at vehicle and part
manufacturing facilitie$arts suppliers also sought to limit inventories and costs in anticipation of a
predicted fall in vehicle demand during aestiemic recessiéhAt the same time, the rapid shift to a
work-from-home economy driven by the pandemic dramaticallysgaidEamand for electronic devices

including videgame systems, computers, laptops, and other electronics and for the digital infrastructure and
storage to support the increasedirmmactivity. Based on buyer demand and orders, semiconductor
suppliershifted production and foundry orders away from autormgriadke chips where demand was falling

to business and consumer electronics chips where demand was spiking.

8Varas et al. fAStrengthening The Global Semiconductor S
Group and Semiconductor Industry Association, April 2021).

iSupply Chain Briefing to the U.S. De poziationgarch3lof Co mme
2021).

YFal an Yinug, AThe 2020 SI A Factbook: Your Source for ¢
Association, April 23 2020).

“"fRenewing Americads Advantages: I nteri mloNgMdrcbnal Secur
2021).
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In contrast to early projections, vehicle demand recovered much more quickly thametkgestadnd

half of 2020. This sharp rebound impacted the auto industry in part due to-tsijagupply chains and

limited visibility into upstream suppliers. When auto parts suppliers returned to place orders for chips to
meet the unanticipatsedrge in vehicle demand, semiconductor manufacturers had reportedly already utilized
spare capacity to produce chips for electronics dévBEsause manufacturing a chip can take up to 26
weekg5and sometimes much longer when supply is tight, produahiones are usually confirmed six

months in advance, and it can take months to switch a production line from one type of chip to another. A
further complication for the automotive industry is that automotive grade chips can only be produced by
gualifiedoroducers and they require extensive testing to meet rigorous quality and vehicle safety
requirements. These requirements are burddndmtiein time and cd$tto the semiconductor

producers, particularly when compared to the less stringent requiamieatzfatively highemargin

chips for consumer good applications.

Further exacerbating the semiconductor supply shortage was a fire that occurred in March 2021 at a Japanese
semiconductor plant that accounts for 30 percent of the market for mrotteysnised in cars. The

company, Renesas Electronics Corporation indicated it would take at least 100 days for production to
normalize at the platitin addition, the worst drought in half a century is affecting Taiwan, further straining
semiconductomanufacturing, which requires vast quantities of‘wateally, storms in February 2021

caused |l oss of wtilities to semiconductor manuf ac
month for NXP to resume normal operatiths.

For the autsector, which relies on chips for functions including braking, power steering, engine controls and
safety systems, it means that vehicles cannot be assembled to completion. Automakers are idling plants and
furloughing workers as they are unable to rmaprtzduction lines as they wait for parts. This shortage will

cost the global automobile industry an estimated $110 billion in 2021 and will lead to the production of nearly
four million fewer vehicles than automakers had pléhned.

In April 2021yeports began to indicate that the semiconductor shortage had expanded to other sectors. As
of April 30", Goldman Sachs estimated that a total of 169 U.S. industries were being directly affected by the
shortag@? Scarce supply also means rising castedigstry and consumers. Given the reliance on

microchips in nearly every industry, the widening shortage means a sustained loss of commercial
opportunities just as consumer demand is poised to increase as much of the world is emerging from the
pandemic.Several semiconductor companies predict that the shortage will last @htil 2022.

MAPPING THE SUPPLY CHAIN

There are three broad steps involved in the production of finished semiconductors: design, manufacturing,
and ATP. The earliest semiconductordiperformed all three stepsiouse and today are known as
integrated device manufacturers (IDMs). IDMs continue to capture a majority of the semiconductor market

14Ziady, Hanna, "The global chip shortage is going from basldise. Here's why you should care." (CNN, May 4,
2021).

BFalan Yinug, fAChipmakers Are Ramping Up Production to
Takes Timeo, (Semiconductor Industry Association, Febr
A Gl obal auta@akeemover hite from Japan chip plant fire,
2021).

St ephanie Yang, #fThe Chip Shortage |s Bad. Taiwano6s Dr
Journal, April 16 2021).
8 NXP Press Release (httfimedia.nxp.com/newmeleases/newseleasedetails/nxpresumesoperationsaustin
texasfacilities-following-weather)
®Dominick Reuter, fAThe ongoing chip shortage is expect e
double analysts'estimat f r om Januaryo, (Business Insider, May 14 20
20 Ziady, Hanna,"The global chip shortage is going from bad to worse. Here's why you should Chile, M4y 4,
2021).
21Ziady, Hanna, "The global chip shortage is going from bad to worse!sHeny you should care."CNN,May 4,
2021).
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by revenue. Increasingly, though, each step is carried out separately, with diffarées specializing in
different steps of the process. In the fabless/foundry model, each of these three steps is performed by a
different company that specializes in its role in the supply chain. In addition to these three fundamental
steps, the semioductor industry relies on sophisticated equipment and hundreds of materials used in the
production process. Accordingly, this report examines the semiconductor supply chain through five related
essential segments: (1) design; (2) fabrication; (3) Add¥ancked packaging; (4) materials; and (5)
manufacturing equipment.

The semiconductor supply cliifnom design to packaging to eventual incorporation into end products
purchased by customiris extremely complex and geographically dispersed. Duspecibkzation of
companies in specific steps, the typical semiconductor production process includes multiple countries, and
the products may cross international borders 7C2tiffiles.entire process takes up to 100 days, of which 12
days are for trangietween supply chain steps. The figure below is a stylized representation of the supply
chainz3

’ ey " lapante USA =

a China to USA ‘

Singapore to China

The small size and weight of semiconductors is a factor that enables such a geographically and logistically
complex supply chdinthe costs of transportirthem is minimal compared with their value. However, it

also implies that disruption of transportation routes could pose supply problems. Various forms of transport
(e.g., airfreight, ocean freight, trucking) are used, depending on the stagetandehe Hestravelled, as

well as the nature of the product. In some cases, specialized handling is required, such as for hazardous and
highpurity gases and chemicals used in the fabrication process, or to protect sensitive electronics from
damage4

SEMICONDUCTOR DESIGN
Semiconductor Design: Overview

The initial phase of semiconductor (chip) produttaesigfi while historically carried out by IDMs (such

as U.Sbased Intel and Texas Instruments) which control the entire production process, is increasingly
carried out by mor endscpradesigrmcompantes, which r@lpdn e sepadate soenpanyc

to carry out the actual manufacturing of the semiconductor. The increased outsourcing of fabrication and the
associated major capital investments has allowed for easier entry into the eedigreqtaacess. This

22For chips going through the full Fabless, Foundry, and Packaging cycle; likely lower for IDMs.
2Nat han Associates, fABeyond Borders: The Global Semicor
Association May 2016).
ADHL Semiconductor Logisticso, (DHL, 2021).
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results in significantly less industry concentration than in the fabrication and equipment stages, as well as a
dependence on Taiwan for fabrication.

Despite lower barriers to entry, fabless design companies must coordiyatetolmehdries to ensure

the design fits the production process, and they are reliant on providersfarither semiconductor
companies which have developed key pieces of technatmhglectronic design automation (EDA)

software that enables thaside process. These upstream and downstream stages are highly concentrated,
with essential IP and EDA providers headquartered primarily in the UnitédtBoatgis with major

portions of their workforce located outside the United States.

Industry Struetur

The structure of companies engaged in semiconductor design varies greatly depending on the types of
semiconductors in question. The three primary types of integrated circuit semiconductors covered by this
reporfi logic, memory, and andiogre reviewed hee For 2020, logic semiconductors were about 42
percent of the mark&memory about 26 percéfdnalog about 14 percent, with the remainder of the

market comprised of nentegrateetircuit semiconductors: discrete, optoelectronic, and sensor devices.

Logic chips, which are the building blocks of computing, comprise the largest category of semiconductors
(according to the SIA, logic chips account for 42 percent of industry revdnuks) category of
semiconductors, market concentration and théewon design companies is highly dependent on the

particular chip type. The markets for personal computer central processing units (CPUs), dedicated graphics

processing units (GPUs), and field programmable gate arrays (FPGAS) are all essentiliyhileopolie
there is significantly more competition in the supplier base for apptisatibic integrated circuits (ASICs)
and for
for computers, GPUs are thcessors for video rendering, FPGAs are designed to be configured by a
customer or a designer after manufacturing, and ASICs are custom chips made for a particular use.

mo b i

e device processors

based on ARM Ltd

The United States is a world leader in semiconductor design, with many ca@akipgraglsantage of the

lower capital expenditures enabled by outsourcing their manufacturing or locating their facilities outside of
the United States. Essentially all personal computer CPUs are designeddsdd@npanies Intel and

AMD, though AMD elies on contract manufactudfihese same companies may soon dominate the

FPGA category, as AMD announced in October 2020 plans to acquire market leader Xilinx in a transaction
valued at $35 billion. Should the acquisition clear all regulatory AitDBleglinx and Intel would

account for approximately 85 percent of global FPGA sales. OtHmdddSsuppliers Microchip

Technology, Lattice Semiconductor, and Achronix Semiconductor constitute much of the remaining portion

of the FPGA market. AMDslo
leading U.Shased NVIDIA.
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Integrated Circuit Market Share Leaders, 2020
Logic Memory
Analog
PC CPU Mobile CPU GPU FPGA DRAM NAND
Intel - 78% Qualcomm - 29% |NVIDIA-82%  |Xilinx - 52% Samsung - 42% |Samsung- 33% Texas Instruments - 19%
AMD - 22% MediaTek - 26% |[AMD - 18% Intel - 36% SK Hynix - 30%  |Kioxia - 20% Analog Devices - 10%
Mi hi
Hisilicon - 16% 1erochip Micron - 23% Western Digital - 14% |Infineon - 7%
Technology - 7%
Samsung - 13% Lattice - 5% SK Hynix - 12% Skyworks - 7%
Apple - 13% Micron - 11% ST - 6%
Intel - 9% NXP - 5%
Based on data from Mercury Research, Counterpoint Research, Jon Peddie Research, Gartner, TrendForce, Mordor intelligence, and IC Insights

There is significantly more competition in the ASICs supplier base with high demand for processors based on
the ARM architecture for mobile devicEgipmakers such as Samsung compete in the market for ASICs

and mobile processors alongside fabless companies incluebagdd Qualcomm and Broadcom as well as

U.S. technology companies such as Apple, Alphabet, Amazon, and dozens of othersshiatedesigair

own chips. Apart from Intel and Microchip, most suppliers of CPUs, GPUs, FPGAs, and ASICs are fabless,
relying on foundries for chip manufacturing.

Memory chips, which, according to SIA, account for 26 percent of industry revenuespastausep

information needed for computi#figThe memory category is commoditized and dependent on production

volume and economies of scale, and memory is generally produced by IDMsmas&dr@amsung and SK

hynix lead the dynamic randaotess memo(®RAM segment along with Utiised Micron which holds

about 23 percent of share. However, the market share leaders are developing advanced packaging technology
(i.e., chip stacking) and other IP for leading edge prédiibtsse three companies accedrior 95

percent of the $70 billion global market in 2020.

Flash memory (NAND) production is not quite as concentrated, with six companies accounting for an
estimated 99 percent of the $47 billion global market in 2020. Samsung is again a maritie skt

over onehird of the NAND market share, followed by Jdpesed Kioxia (formerly Toshiba) (20 percent
share), U.shased Western Digital (14 percent share), Kaseal SK hynix (12 percent share);dased

Micron (11 percent share)ddn S-based Intel (9 percent shaeyhe NAND segment appears poised for
further consolidation, as Iritelvith NAND revenue similar to that of Micfomnnounced in October 2020

that it plans to sell most of its NAND memory business to SK hynix. Thissalg@ropel the combined
company into the second place in NAND market share. There are also reports suggesting Western Digital
and Micron may be pursuing an acquisition of K¥bkieaddition, Chirdbased Yangtze Memory

Technologies (YMTC), formed2@16, is focused on rapid expansion and has received an estimated $24
billion in subsidies from Chinese government sources. The company may have the capacity to produce as

®Varas et al. AStrengthening The Gl obal Semiconductor ¢
¥See section on AAdvanced Packagingo.

SAvril Wu, ADRAM Revenue for 4Q20 Undeontnoee Risildodest 1. 1°¢
Shi pment and Falling Prices, Says TrendForceo, (TrendF:q

ZANAND FIl ash MeGnawvthyTreila, CRWELY Impact, and Forecasts (26210 26 ) 6, ( Mor dor

Intelligence, n.d.).
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many as 200,000 wafers per month bwycapaRi®,2, over tw
representing a potential loast threat to U.hased memory comparfies.

Compared to memory chips, analog integrated circuit chips are less commoditized and are generally less
reliant on using cutting edge manufacturing nodes. Specipkrethex with the systems and end uses are

a significant driver of value in analog chip production, allowing for less market concentration as companies

can retain competitive advantages by specializing within the analog sector. The 10 largesé@alog integ

circuit suppliers accounted for 62 percent of the $56 billion market in 2020, with only Texas Instruments
exceeding 10 percent marketsadvka ny of t he | eading anal og semiconodg
' ited producer s, herhipsthely designbut dutsaurcisga@ significartt pottion as well.

Discrete, optoelectronic and sensors, themegrated circuit semiconductors, comprised $79 billion in
sales in 2020, nearly 18 percent of the total semiconductor market ($440Mibisbrof the

semiconductors in this categorynaa¢ure nodéechnology chips, often only worth pennies each. This
market is highly fragmented, with numerous manufacturersntéignated circuit semiconductocdude

ABB Ltd., (Sweden/Switzerlanbfifineon Technologies (Germany), STM Microelectronics (Italy/France),
Toshiba (Japan), and U.S. companies Diodes Inc., Vishay Intertechnology, Qorvo, dPixKayd Cree.
driving technologies (and exceptiomaature nodéechnology) for neintegrated seiconductors are
innovations in power management and miniaturization, especially for discrete power semiconductors, with
autos, especially electronic vehicles as a kegeghilhe U.Sled R&D of gallium nitride (GaN), silicon
carbide (SiC) and othemgmound semiconductor substrates is a key development for a variety of
applications, including those for national security in power management and distribditemydrigk

power amplification, and optoelectronics (also exceptimasie nodéechnolgy). Flat panel display
semiconductors are also in this category.

Process Steps

The semiconductor design process itself contains several steps, often performed iteratively to reach a final
design that best meets the end requirements. Basic stapeswclude specification, system level or
architecture design, logic design, physical design, and verification/validation. These stages are briefly
reviewed below.

T Specification: This step lays out the set of requirements for the chip necedikitg enflilises. This
involves translating user requirements to the ct
understanding of the customerds needs provides &
the customers can thus be meanirigfsémiconductor design operation.

1 System level design: This step involves breaking out the basic semiconductor architecture. In many
cases, the design can be created usidgfpred inputs that have already been specified and validated,
either frompast use within the company or licensed from another company. Known simply as IP or IP
cores, the rase of past designs in modular form allows for faster development of new features and
decreased costs because the IP does not have-tebeloped foevery new chip.

T Logic design and physical design: These steps are typically carried out using EDA software, which maps
the register transfer level code to physical representations of the electronic components that will be
manufactured on the chip.

T \Verification and validation: This step, which is carried iteratively and in parallel to other design steps,
involves testing the design. At this stage, t he

%Al an Patterson, fAChinadés YMTC is Poised to Lead in NA
®fATexas I nstruments Remains Worldés Top Analog I C Suppl
®¥iThe Worl dwide Semiconductor Market was up 6.8 percent
growth of 10.9 percent i n 2 Btks March17@@2t)l d Semi conductor

i Gl obal Discret e -Smowih, trendsdQowdd9 émpactiwend Foedtasts (2022 026 ) o,
(Mordor Intelligence, 2020).
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model of the chip and ensures it operategmected. Verification can generate massive amounts of test
data and take significant amounts of time, accounting for as much as half of the time to déign a chip.

For national security, the semiconductor technologies must also be qualified fothaseiitamy

temperature ranges (extended range) and harsh environments, including technology characterization for use

in radiation environments when appropriate. Also, a more stringent and independent parts verification and
validation is required. Seomductors for automotive applications must likewise meet stringent durability

and testing requirements to withstand harsh environmental conditions (e.g., extreme cold, heat and

humidity). They must handle exposure to vibrations and shocks throughautthee | e 86s entir e e
lifespan of 10 to 20 years and exhibit a much lower failure rate in testing than semiconductors for consumer
product applications to ensure they meet vehicle safety requirégmesgsequirements are expected to

increase and eore stringent as vehicles become more autonomous and incorporate an increasing amount

of light detection and ranging (LIiDAR), sonar, radar, vision systems, and navigation and recognition

technologies.
Semiconductor Design: Resilience
Resiliencetellectual Property

As noted above, the-tise of past desigh&nown as IP, IP cores, or IP bldgksom either within the

design organization or licensed from another cofnpsiaymajor factor enabling the rapid development of
new chips. Representing atineated $5 billion market, these IP blocks represent designs for anything from
minor internal processes to input/output interfaces such as Universal Serial Bus (USB) and Ethernet
controllers, to full microprocessor instruction set architectures?¢l8As)typically licensed for an up

front fee, but may also include shbsed royalties.

Recent years have seen increased market share in IP licensing from EDA providers as they expand to provide
more complete design solutions and integration of IPiktarelesign software. In this context, the IP that

is licensed includes patents, trademarks, industrial designs, copyrights, and trade secrets. In addition to
ongoing growth in leading EDA providers &sed Synopsys and Cadence as well-hase®ut

Germanrowned Mentor Graphics, Samsung announced in May 2019 that it would license its semiconductor
design IP through EDA provider Silvaco, boostingthedaSs e d companyds i ntegrated
This move highlights the value to foundriesablking chip designers to design for their processes; with

built-in foundry IP in the design, the cost of changing manufacturers serveimtddsign customers.

The IP core sector historically has been led by companies headquartered in theddrared (Gidtied

Kingdom, with Arm Ltd. (U.K.) topping the list, along with EDA providers Synopsys and ®adérilee.
headquartered in the United States and U.K., these companies have global workforcehirdgenftihe

employees of Synopsys, for glamwere located outside of the United States in128&0.provides the

I P that supports most of the worl dds mobile devic

%Aaron Aboagye, Mark Patel, and Nitin Viggedi,Standing uj
(McKinsey, Autumn 2014).

®Jim Turley, Al P Market Large, Growing, and Strange Apz¢
Mi xedo, (Electronic Engineering, September 25 2019).

40 An additional area is the ongoing development of the R¥Sfpen standard ISA, which provides IP open source

and licensdree, is a relatively new phenomenon in the microprocessor IP licensing area. Initially developed at the
University of California, Bekeley in 2010 with funding from Intel, Microsoft and others, the RMS{P is owned

and maintained by the negrofit RISGV Foundation, founded in the United States in 2015. In December 2018, the
foundation announced intentions teineorporate inSwite r | and, in part to fiall eviate U
export restrictions from the United States and the goal
coll aborati on me/dRehias not made significant irrgads R ti& @iovopssorenabling ISA

space dominated by Intel and Arm. Asthe RMC Foundat i on states, it does not r
technology, 0 but rather is attractive to manyVbegcause |
(RISGV, 2021).
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150 billion chips sofd. Arm, which does not produce semiconductorssacutrently owned by Japan

based Softbank, is in the process of being acquired-bgdedfabless design firm NVIDIA, raising
concerns among competing semiconductor designhers
antitrust regulators ovesrtinued access to essentidb I addition, in April 2021, the U.K. government

initiated a nationglecurity review of the proposed acquisition.

Over the past several years, China has taken steps to increase its access to and control of semiconductor IP.
In 2017, Canyon Bridge Capital Partners, a private equity fund with Chinese government ownership,
purchased U.Kbased Imagination Technologéssimated to be the fifth largest provider of semiconductor

IP. In 2018, Arm China was formed as a 51 percent Ctwwaese joint venture with U 0ased Arm

Holdings® Greater Chinese control over semiconductor IP may present a risk to U.S. induaging by

the IP available to U.S. companies.

Resilience: Electronic Design Automation

The use of EDA software that automates the layout of circuits in an electronic representation has become a
critical input to the semiconductor design process asatiipis dillions of transistors. The market for

EDA tools historically represents about two percent of the overall semiconductor market, but has taken on
increasing importance as shrinking semiconductor technology nodes drive design déegi®Righer.

provider Synopsys, for instance, estimated in 2019 that the cost to design a 5 nanometer (nm) chip would be
twice that to design a 7 nm cHigAccording to IBS, the cost of designing a 7 nm chip is $297.8 million

while that for a 5 nm chip is $542.2 miHgon.

Since the mid990s, the EDA market has been dominated by threeallefl.companies: Synopsys,
Cadence, and Mentor Graphics (purchased by Gepased/ Siemens in 2017). This dominance stems at

l east in part from a ablitgboipurchdasé amchincargorate smallemeBA ket | e
providers, the high costs to designers of switchi
foundries, which often provide preferential accesstopsopessc i f i ¢ design rinki t sé6 f ol

processes in order to enable the EDA vendor to develop gpeediE design flows. This level of
integration highlights the importance of access to IP for semiconductor producers.

As the use of integrated circuit chips has become more ubiquitthes ealue to end users of speeially

designed chips has grown, EDA tools have enabled a broadening set of companies to enter the

semi conductor design space, such as users of semi
Alphabet (the parenbmpany of Google), and Amazon. These companies are empowered by the research,
development, and IP incorporated into EDA tools to design chips that best meet their specific requirements.
The growing i mportance of chitp mbé&siciomptami ckeswn st e
i ndustrial process giant Siemensd purchase of Men
mi croelectronics throughout semiconductor end use
complexity provide aversu® expand the use of EDA to produce improved integration between

semiconductors and end use systems.
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of f I PO0, (VentureBeat, October 14 2019).
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Resilience: Workforce

The U.S. semiconductor supply chain is heavily dependent eskdllbgjiworkforce. The size of the

desigrspecific workforces difficult to gauge, as design is carried out by IDMs such as Intel, by fabless
semiconductor companies such as NVIDIA (which reports 7,588aEe8.employees), and by companies

that are not strictly part of the semiconductor industry, such as Algiedmetand Tesla. The EDA sector

upon which design companies rely employs tens of thousands of additional workers; Synopsys alone employs
more than 5,000 workers in the Americas, 80 percent of whom are effjifedher, the entire industry

is suppaed by R&D carried out at universities across the United States with thousands of researchers
contributing, and an estimated 250,000 students enrolled in semicosidtetograduate prograiths.

The ability of the United States to attract and retaitethl@arkers to American universities and companies
underpins the loAgerm competitiveness of the U.S. semiconductor industry. Since 1990, the number of
American students enrolled in semiconductor related graduate programs has remained the safoe while that
international students has tripled over the same period. According to data fi2ot 2CHgout twehirds

of graduate students in electrical engineering and computer science are internatioffal students.

Semiconductor Design: Risks

The key desigspecific risks are reviewed briefly below. Because semiconductor design affects every
subsequent step in the manufacturing process, the risks reviewed below are largely applicable to the
downstream process steps as well.

1 Need for High R&D Expenditures: U.S. design companies typically invest major portions of their
revenue in R&D; six of the seven leading companies in R&D intensity in 2019 \wased?. s
design costs at the cutting edge continue to rise, the ability of design companies to aordstus
dependent on sales growth, which has grown increasingly dependent on sales outside the U.S. and in
China in particular.

9 Skilled Workers With international students making up an increasing majority of enrollment in U.S.
semiconducterelatedgraduate programs, limits to the ability of foiteign workers to remain and
work in the United States and continued low levels of enrolimentiodid. ®@orkers present ongoing
and longterm risks. In addition, although U.S. universities are auhsgteduating more engineering
and computer science students each year, the industry faces significant challenges in recruiting and
retaining these graduates. Students in related programs are often more conversant in and drawn to
software developmentpgrtunities than hardware. Companies serving defense needs face additional
challenges in that they are unable to compete with the compensation packages common in commercial
industry.

1 Access to FoundriesSemiconductor design companies are enabled bynBDA @mpanies, which
in turn are enabled by access to and cooperation with fabrication facilities and downstream systems. As
systems become increasingly connected and complex, cooperation between companies and access across
the levels of the supply ahaiill continue to rise in importance. The increasing concentration of
foundries in East Asia (discussed in the o0fabric
decreased access to and cooperation with manufacturers presents a riskinoi¢aeadlity of U.S.
semiconductor design companies to lead the world in innovation.

In summary, the U.S. semiconductor design ecosystem is robust aleddvwogldbut depends on limited
sources of IP, labor, and manufacturing that are essentiaj forbdincts to market. The needed IP cores

“Synopsys |6, AForm 10
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and EDA tools are available from th&ed companies, but these sectors are highly concentrated. The

United States remains an attractive place for skilled engineers and other highly skilled workers, but the
semeonductor design sector faces a shortage of skilled workers and is increasingly dependent on foreign
born labor as well as design teams based outside the United States. Restrictions on the ability of U.S.
companies to recruit foreigorn workers or in uversities to attract foreifporn students could have leng

term impacts on the U.S. semiconductor design sector, as would a failure to increase the relevant educational
and training opportunities for Ulrn students. Furthermore, the U.S. fablegsdasitor is dependent

on contract foundries, which are primarily located in East Asia, to manufacture their products and on sales to
customers outside of the United States, particularly in China.

SEMICONDUCTOR FABRICATION
Semiconductor Fabrication: Ovenew

This section addresses the next step in the supply chain in which semiconductmedabigeeted into
component part types, such as logic, memory, or analog devices. During this process, semiconductor
fabrication facilities (fabs) or foundriéso(aalled purplay foundries), make d&taped wafers (typically

cut from an ingot of silicon) into individual chips (each the size of a fingernail). This is a complex and highly
specialized capability that requires exact préctbiere is no room fagrror in the processing steps of

wafer fabrication. A semiconductor manufacturing plant involves thousands of process machines, lasers,
ultra-precision optics, and advanced robotics. The fabrication process is one of the most advanced in the
world, invdving cuttingedge techniques and equipment, operating at subat@hjrecision. This stage

of the semiconductor supply chain accounts for about 24 percent of the value added ¥ the chip.

Industry Structure

There are two basic industry models fus.fal he first are fabs operated by vertically integrated
semiconductor companies or IDMs that perform all of the steps in the semiconductor manufacturing
proces8 from design to final testing. IDMs account for aboutlnvds of global semiconductor

production capaciti$. The majority of IDMs produce memory chips such as DRAMs, as well as discrete
analog devices, although Intel, a leadindpbk8d IDM, produces primarily logic devibesaddition to

Intel, the United States has several leading iDdigjing Analog Devices, Maxim Integrated Products,
Microchip Technology, Micron, ON Semiconductor, and Texas Instruments. It is important to note that,
while headquartered in the United States, these companies undertake semiconductor manufacturing in
facilities across the world. Intel, for example, operates fabs in Israel, Ireland, and China in addition to the
United States, while South Korbaised Samsung and other forbiggdquartered firms produce chips in

the United States in addition to theielinational facilities. SIA reports that 44 percent cbas8d

semi conductor companiesd pr odu étOveaml U.BbasedlBMst v i s |
accounted for 51 percent of global IDM revenues in 2020, and the United Stataallg sspng in logic

and analog chips.

Many U.S. leaders in semiconductors, such as AMD, Broadcom, NVIDIA, Qualcomm, and Xilinx, operate
with a o0fabl ess ¢ cimpaniespmdde theiradabigns to a $separate bompahy that
specializes icontract manufacturing of semiconductditsese thireparty foundries are categorized as
Opuprleay semi conduct ordorfotodesigmor seleasydchigs ef thainowre but abt asy
contract manufacturers for fabless semiconductor firmsaaedmes provide additional capacity or

otherwise produce certain chips for IDMs). Some IDMs, notably Samsung, also provide foundry services for
fabless companies.

The fabless/foundry business model has become increasingly prevalent as theildirsgsaofdou
maintaining a staté-the-art semiconductor manufacturing facility has skyrocketed. Continued advances in

BVaras et al. AStrengthening The Gl obal Semi conductor
“ASupply Chtao nt Bei@f$ngDepartment of Commerceo
{2020 State of The U.S. Semiconductor Industryo, (Semi
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chipmaking technology require entirely new, increasingly costly fabrication equipment. The cest of a state
of-theart fab (at the 5 nprocess node) is at least $12 bifiabne extreme ultraviolet (EUV) lithography

tool (necessary for manufacturing at or below 5 nm and also often used at 7 nm) alone can cost in the range
of $150 million, and many types of equipment are needed la abin@ne estimate is that the investment

that will be required for the next generation fab (that will operate at the 3 nm node) might exceed $20
billion5” Moreover, once a new fab is established, operational costs are significant, and ongoing expensiv
capital investment is required to keep operating avfsthéaart production nodes. Pypkay foundries

benefit from economies of scale, which allow them to absorb the enormous costs of maintaining a
semiconductor plant at the cutting edge of teegpalemanded by chip designers at efficient capacity
utilization rates. According to SIA, pplay foundries account for about one third of global chip

production capacity, but nearly 80 percent of production capacity for logicTaipan Semicondiac
Manufacturing Company (TSMCa s t h e wo-playddngonductar ©oundry founded in 1987,

and dominates the market today.

The contract foundry market is dominated by Tadased companies, with TSMC alone accounting for 53
percent of the nmket share of the foundry market. In total, Taiwesed companies account for 63 percent
of the market share. South Korea has 18 percent and China six pereeeaddu8itered, Abu Dhabi
owned foundry GlobalFoundries has seven percent share,upakioig than half of the remaining 13
percent share of the foundry mapRet.

While the U.S. share of IDM chip market is significant, it has only a 10 percent share of global foundry
revenue; foundries in Asia account for an 80 percent’siiai@an alone accounted for 73 percent of

global foundry busine®sThis means that, as noted above, while the U.S. is a leader in semiconductor
design, domestic fabless firms are heavily dependent on foreign firms, mainly in Asia, for manufacturing.
While this foundry business model is suited to high volume commercial applications, margtatetknse
applications are low volume, making access to advanced semiconductor manufacturing technologies
challenging.

Process Steps

The diagram below is a simplified representation of the complex semiconductor fabrication process. Starting
with a set of photomasks imprinted with the chip design, and a prepared clean wafer, chip fabrication steps
are performed. The steps include:

1 lithography (a process used to create circuit patterns of the wafer);

1 etching (removing materials from the wafer);

9 doping (adding elemental impurities to modulate the electrical properties of the wafer);

1 deposition (process for creating layers of insudatthgonducting materials used to build a
semiconductor device); and

T polishing or chemical mechanical planarization (a process for removing excess materials and creating a
smooth surface on each layer).

The wafer will go through these processes raultipts; the entire process is automated and takes place in a
sealed clean room. Fabrication of an advanced semiconductor device (at the 10 nm or below node) can take
up to 15 weeks, with-1'B weeks being the industry average. After theefidmiroceses in which the

Wi Il l'y Shih, ATSMC6s Announcement of A New U.S. Semicor
Matt Hambl®tngr tisT SBMCi | di ng 3nm plant in Taiwan worth $2
®ASupply Chain Briefing to the U.S. Department of Comme
“AFoundry Revenue Projected to Reach Historical High of
Device Demand, Says TrendForced6, (TrendForce, April 15
352020 State of The U.S. Semiconductor Industryo

i Semi conductors: U.S. I ndustry, Gl obal Competition, atr
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design is transferred onto the wafer, the wafer is tested, polished, and diced into individual chips. The
number of chips yielded varies; a 300 mm wafer might produce 600 or more individual chips.

Projectad LUV
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Steps 1-4 are repeated hundreds of times with different chemicals to
create more layers, depending on the desired circuit features

Source: SIR

Semiconductor fabricatidacilities require a substantial acreage and utility infrastriratlurding access to

ultrapure gases, dry air and nitrogen, ultrapure water, exhaust systemsjuaiityhigliable electrical

power. A large wafer fab can consume as much asd#®atts of power, making it more energy intensive

than many automotive plants and oil refineries, and can use as much water as a small city. The water used in
the fab undergoes an endragnsive purification process in which all organic and inomyataimimants

are removed. The filtering and treatment process uses pumps, motors, drives and other infrastructure that
moves the ultrapure water in and around the facility and wastewater out. Power outages and voltage
irregularities can damage highlyittemequipment, so reliability of the power supply is critical. Electricity

can account for up to 30 percent of a wafer fabds
efficiency can help cut costs while reducing environmental impacts andgrspst&inabiliey.

Semiconductor Fabrication: Current Resilience

The vast majority of semiconductor manufactéringlDMs and purplay foundried takes place in (in
order): Taiwan, South Korea, Japan, China, and the United Staiastalle® seimonductor production

62 SIA, https://www.semiconductors.org/wmntent/uploads/2021/04/SIBCG-Report_Strengtheninthe-Globat

SemiconductoSupplyChain_Aprit2021.pdf) (last accessed May 26, 2021).
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capacit§# accounts for approximately 12 percent of the global total, down from 37 percerffiin1990.

2019, Taiwan accounted for 20 percent of global installed capacity, followed closely by South Korea with 19
percent. Japan acctethfor 17 percent, China for 16 percent of capacity; and Europe nine percent. The
remaining six percent of capacity is in Singapore, Israel, and the rest of&he world.

U.S. Semiconductor Manufacturing Capacity as a Percent of Global Capacity

19902021and 2030 Forecast
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Source: SEMI, VLS| and BEG

Of the 40 major semiconductor fabs located in the United States, half (20) produce using 300 mm (12 inch)
wafers, which is the modern standard; the others produce using 200 mm (8 inch) wafer8etwesdow.

2009 and 2018, more than one hundre@@80nm fabs closed worldwide with 70 percent of the closure
locations in the United States and Japan. According to IC Insightsohtlheyabs had been used for

decades and had outlived their usefulogerpln some cases, they were replaced by more cost efficient or
upgraded facilities. In other cases, the cost of fab ownership was,aodtieaicompany moved tofab

lite or fabless business maéel.

Six companies operate the twenty 300 mm fabs, and are located in eight U.S. states, as detailed in the
following table All but Skorpios also operate fabs overseas. As noted above, Intel has semiconductor
production operations in Israel, Ireland, anda&ChMicron has fabs in Singapore, Japan, and Taiwan in

addition to its U.S. facilities, while Texas Instruments hastimodu China, Malaysia, Taiwan, and the
Philippines in addition to Texas. GlobalFoundries, the leading Uayptwandry, iswned by the

Emirate of Abu Dhabi via sovereign wealth fund Mubadala and also has fabs in Germany and Singapore. In
2019, the company scrapped plans to open a fab in Chengdu, China.

Company # of Fabs Location Products

GlobalFoundries 2 Malta, NY Foundy

Maxi mum out put that can be produced, see: Varas et al.
I n An Uncertain Erabod

®Varas et al. AStrengthening The Gl obal Semiconductor ¢
fVarasetali St rengt hening The Global Semiconductor Supply Ch
Varas et al. fAGoveSGQomemet iltniceenntdsvsesi mn3enmi conductor Ma

Consulting Group and Semiconductor Industry Association, September 2020).
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Company # of Fabs Location Products

GlobalFoundries 1 East Fishkill, NY Foundry
Intel 2 Chandler, AZ IDM/Logic
Intel 4 Hillsboro, OR IDM/Logic
Intel 2 Albuguerque, NM IDM/Logic
Micron 1 Boise, ID R&D/Pilot
Micron 1 Lehi, UT IDM/Memory
Micron 2 Manassas, VA IDM/DRAM
Samsung 2 Austin, TX IDM/Foundry
Skorpios 1 Austin, TX Pilot Fab
Texas Instruments 1 Richardson, TX IDM/Analog
Texas Instruments 1 Dallas, TX IDM/Analog

Source:Congressional Research Ser¥ice

While U.S. chip production capacity has been relativelycsiaddity and production are growing outside of

the United States, particularly in Asia. As a result, SIA predicts that, by 2030, the U.S. share of
semiconductor production capacity will fall to 10 percent, while the Asian share will grow to 831percent. |
2019, of six new semiconductor production facilities in the world, none were in the United States, while four
were in China.

As noted in the discussion of the O0designd segmen
logic, and analodhs can be seen in the diagram below, different regions of the world specialize in different
sectors. For example, the United States produces only five percent of memory chips, while South Korea
accounts for 44 percent, and China 14 pefcémthe memoy segment, as noted above, China has focused

on rapid expansion of YMTC, providing the company with $24 billion in subsidies allocated just for its
Wuhanfactorif The company 6s -micepfenngsipresentsaanlicect threatvto U.S. memory

chip makers Micron and Western Digital.

In the logic chip segment (e.g., computer and cell phone microprotkeddnied States produces none

of the leading edge (under 10 nm) chips while Taiwan accounts for 92 percent. At other logic chip nodes, the
United States is stronger: it produces 43 percent of advar22aifidogic chips, and the six to nine

percent of prior generation (28 nm and above) logic chips while Taiwan between 31 and 47 percent and
China between 19 and 23 percent. Finally, thedBtates produces 19 percent of analog/discrete chips

while China 17 percent and South Korea 27 pétcent.

0 This facility has been acquired by ON Semiconductor for $430 million; ON Semicond.ilttgaiw full
operational control of the East Fishkill fab at the end of 2022.

“"Congressional Research Service. ASemiconductors: u. s.
October 26 2020, p.22 https://crsreports.congress.gov/product/pdéBER4last accessed May 26, 2021).
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Breakdown of the global wafer fabrication capacity by region, 2019 (%) l '

Memory 5%  14% 1% 44% 20% 4 33%

2%

10-22 nm 43% 3% 28% 5% 12% 9% 8%

Logic
28-45nm [L78 19% 47% 6% 5% 4%  13% 9%
> 45 0m EEG 23% 3% 0% 13% 6% 7% 22%

DAO' 26%

Total 100%

Semiconductor Fabrication: Risks
The key fabricatiespecific risks are reviewed briefly below.

1 Lack of U.S. Production Capability at the MosAdvanced Technology LevelsThe United States
lacks semiconductor production capability at the most advanced semiconductor prcesserttie
5 nmi at which only TSMC (Taiwan) and Samsung (South Korea) currently operate. The most
advanced fabs indlUnited States are 107hoperated by Intel, which does not expect to enter full 7
nm production until 2023 and announced in Januar
or less production line for its latest graphics'elip.a result).S. fabless chip companies now rely
almost exclusively on Asian producers (especially TSMC) for production of the most advanced (7 nm or
less) chips. These are used in emerging industries, such as electrification, 5G, and Internet of things
(IoT). Muchof TSMCds 5 nm (and in the future, 3 nm) p
of companies such as Apple for utilization in mobile communications devices. In addition to supply
chain risks due to the geographic concentration of productitackiioé domestic capability at the most
advanced technology also raises concerns for national security, as secure aecktetarttate
technology is needed to provide technical superiority for some military applications.

1 Dependence on Geographicallfoncentrated Foreign Production for Mature Chipsin addition
to foreign reliance for leading edge chips, as reviewed above, the United States relies on sources
concentrated in Taiwan, South Korea, and China to meet demand for vafieadimpedge menyo
and logic chips that are used widely in myriad consumer and industrial applications. This impacts the
U.S.d8s ability to supply various sectors criticeé
infrastructure needs. Trailing edge ldgjus are used in many military and critical infrastructure
applications, which can have significantly longer lifespans than consumer applications.

1 Dependence on Chinafor SalesRevenl2ue t o Chinads dominance in th
space, U.S. clmiyakers are also heavily dependent on sales to China. China is the largest market for
semiconductors, most of which are theexpgorted when contained in end products, including
consumer electronics and appliances. According to The Economist in 28&8)dta, mobile phone
chip provider Qualcomm generated-thiads of its revenue from China, and memory maker Micron

“Some experts indicate that Intelo6s 10 nm process i S I (
Dani el Nenni, ASEMI CON West | ntel 10b8R018nd GF 7nm Upda:
BAl nt el plans to tap TSMC's 7 nanometer process for ' D

3¢



generated 57 percent of its revenue from the cdumtigl reported in 2020 that China accounted for
26 percent of its revenue. Hesahance on sales to China provides the Chinese Government with
economic leverage and the potential to retaliate against the United States.

T Chinads Aspirations to Le&ad ntalbs Sédmireo rodu dther gllr
industry is relately small and its companies produce mostlglovd c hi ps. Chinads mos:
play foundry, Semiconductor Manufacturing International Corporation (SMIC), can only produce at the
14 nm node, with limited capacitjowever, theountry is in the male of major statked effort to
develop an indigenous, vertically integrated i nc
semiconductor wafer capacity stood at 16 percent in 2019, but is expected to grow to 28 percent by 2030.
The Chinee Government is devoting $100 billion in subsidies to its semiconductor industry, including

the development of 60 new manufacturing facifitks di scussed in the discus:
segment of the supply chain, China has namgréssively with gabsidies to develop a hegrewn
memory chip maker to break its reliance on the v

Korea), SK hynix (South Korea), and Micron (U.S.). U.S. memory firm Micron is a direct competitor
with YMTC and will likg be the first U.S. firm to see its future competitiveness and ability to innovate
threatened as a result of Chinese subsidies funding its competitor.

1 Workforce ChallengesThe domestic semiconducton dustry has experienced a
workforce coupled with difficulties in attracting and retaining younger workers with the necessary skills
(for whom the semiconductor industry competes with other technology companies). Workers in fabs,
such as factory technicians and line workers, account foB&lpeucent of the domestic
semiconductor workforce. These workers maintain and operate complex manufacturing equipment; the
positions typically r equ-4pedficlatdenltranng’t an associ at

1 Rising Fab Costs: Assemiconductor technologies advance, the cost of building a next generation fab
increases significantly. As noted above, the cost of a fab at the 5 nm node is approximately $12 billion
while that for a fab at the 3 nm node may exceed $20 billion. ltogudéfy the initial and ongoing
investment for a fab, the average fab utilization is 80 gerthis.is one reason that the small and
medium sized semiconductor companies are mostly fabless, concentrating on the design and IP for
semiconductors withibhaving to maintain an ongoing fab business.

T Unique Challenges of Developing New Manufacturing KnowledgeProduction IP, the
manufacturing knowow that is created in the process of translating knowledge into products, is the
critical link between RZand all downstream economic benefits. A manufacturer that invests in
developing production process IP only captures the benefits associated with that IP and the portion of
the relevant market that they captiitee comparatively massive benefits asedaivith the IP and the
rest of the market are generally lost fordaesome cases, that same IP geteveloped by otherfn
other cases, that same IP gets stolen. Finally, sometimes the same problem gets solved through a
different path.All three of those results capture some of that lost beénile this principle is true
across all of manufacturing, it is much more acute in semiconductors due to the higher independence of
processing technology from gadduct application.

In summary, whélU.S. production capacity has been stable, the United States lacks sufficient capacity on a
relative basis to produce semiconductors and relies extensively on sources in Taiwan, South Korea, and China
for production. The United States is heavily depeodensingle compadlySMGSfor producing its

"PThe semiconductor industry and the power of globali z:
AStrengthening thedUus$ri 8¢émBaseaduct{ e mi conductor I ndu:
“AiComments of Semiconductor Industry Association to Rec
America's Strategy for STEM Educ Semicomidctor8nslustiye d . Reg. 55
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leading edge chips and has significant dependence on CGhatar®nodéogic chips. Since

semiconductors are such key components, the fragile supply chain for semiconductors puts virtually every
sector of he economy at risk of disruption. Recent events affecting global supply chains, such as the
COVID-19 pandemic, weathmlated events, and the blockage of the Suez Canal demonstrate the
importance of preparedness and supply chain resilience. Thddawokstit production capability also puts

at risk the ability to supply current and future national security and critical infrastructure needs. U.S.
production is also threatened by significant Chinese investments to expand its chip productiomdapability a
a greying of the U.S. workforce.

SEMICONDUCTOR ASSEMBLY, TEST, AND PACKAGING AND ADVANCED PACKAGING

This section reviews the ba&rld segment of chip production, ATP, as well as the related U.S. supply base,
and discusses the advanced packaging shigiplyincluding current resilience and risks.

Semiconductor ATP: Overview

In the backend ATP stage, chips are assembled into finished semiconductor components, tested, and
packaged for incorporation into finished products. The ATP stage occutwainaadels: (1) by IDMs

and foundries or (2) by Outsourced Semiconductor Assembly and Test (OSAT) companies that specialize at
the test and assembly business and provide services on contract. While U.S. companies have 28 percent of
the market share of ATBvenues and 43 percent of the market share of IDM ATP revenues (followed by
South Korea, Japan and Europe), as noted below, companies have outsourced ATP production to facilities
outside the United States. Foundries such as TSMC (Taiwan), UMC @i@ai@hina), and XMC

(China) have entered the packaging business to increase the manufacturing services they offer to their fabless
customers, especially the advanced packaging of chiplets. TSMC introduced its first advanced packaging
solution in 2012 In 2017, there were more than 100 different OSATSs in the Paditkete are eight large

OSATS; most are smath mid-sized players.

While there are some U.S. OSAT companies (notably Amkebpgpdédcompanies only represent 15
percent of OSAT busiag (Taiwan leads with 52 percent, followed by China with 21 percent), and Amkor,
while headquartered in the United States, does not have a U.S. production facility.

ATP Market Share (by Revenue)

All ATP 29% 28% 14% 13% 7% 5%

Source: CSET, VLSI Research

Traditionally, ATP has been an automated and lower value business that requires considerable floor space
and employs mostly letech workers (this is changing with the introduction of advanced packaging
techniques discussed below). Consequently, thieiest stage of production to be outsourced (starting

in the 1970s), primarily into Southeast Asia. Today, the majority of ATP takes place in China, Taiwan and
Southeast Asia (Singapore, Malaysia, Philippines, and Vietham). SEMI and Techsiearohoidetitdn

120 OSAT companies and 360 packaging facilities around the world for 2018. Of the 360 facilities, more
than 100 were in China, around 100 in Taiwan, and 43 in Southeast Asia (the other facilities were in Europe

88Her b Reiter, "TSMCbds Advanced | C Packaging Solutionso,
2Mark Lapedus, " What Next for OSATso, (Semiconductor Ei
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or the Americag}.C h i n aA® prod@®on is current to the mainstream packaging technologies, but
China is developing advanced packaging technotégies

In addition, with respect to testing, for national security considerations, semiconductor technologies must be
gualified and testdor use over military temperature ranges (extended range), radiation resistance, and harsh
environments. This involves, among other things, single event effects (SEE) testing tising heavy
radiationtesting infrastructure. The existing U.S. Heavgdiatiortesting infrastructure is fragile and

cannot meet current or future SEE testing demand. Customers are already experiencing long wait times and
rising testing prices, and it could easily suffer major strains if even a single major facitityrclose

suddenly6 Ther e are fewer than half a dozen accelerato
sufficient ion species and & Theimgacts availdbitity aitesingtot h e n
support future space missions among space agencies and industry, including satellites.

Semiconductor ATP: Risk

Today, the United States only has three percent of worldwide semiconductor packaging capesity (this do
not include testing capadityostly provided by IDMs, which often have their ATP facilities outside the
United States. While this has been a historicatigdbvwomponent of the supply chain, it is a critical step.
The United St aATR@dluctibrip SoutlicashAsie, Tabvan and China exposes the U.S.
supply chain to disruptions.

Semiconductor Advanced Packaging: Overview

While, as noted above, ATP has historically beervall@womponent of the supply chain, packaging is
increasigl y becoming more advanced. For decades, the
which provides that the number of transistors on a semiconductor doubles roughly every two years. Today,
the power and performance benefits of chip scalidgranéshing at each new nadeilethe cost per

transistor has be@mcreasingWhile scaling remains an option, as it becomes more expensive and difficult

the semiconductor industry is searching for alternatolading putting chiplets and/or mdhan one

integrated circuit into one package. This is known as advanced péackdganred packaging represents

both an alternative and complementary technology to linewidth shrinks as it offers higher chip density at the
packaging instead of the cleipel and allows for integration of different chip functions in a single package.
Advanced packaging also allows for increased use of conufighgahelf (defense approved) chips for

custom solutions.

Advanced packaging types inclidp stackingechnologigs especially for memory chiijpsand embedded

die, farout waferlevel packaging asysterrin-package (combining chiplets or multiple chips in one

packagef One approach with logic chips has been to separate standardized IP functionscinto distin

smal l er chips, called o0chipletsdé that are connect
functions with other chiplets, so the design must-bptitnized and the silicon cannot be designed in

isolatiort® The Defense Advanced Research Projects Agency (DARPA) and the Department of the Navy as
well as industry participants (AMD, Miyaad Intel) have had a number of projects exploring this

approach. Advanced packaging has significant value for satiorigl to enable disaggregation of

83SEMI, "Industry's Only Worldwide OSAT Manufacturing Sites Database Now Tracks 360 Facilities, Expands

Test Sit ePRONewswiredayamber 20(2019).

8Mark Lapedus; Chi na Speeds Up Adyv aSemiechdud@an Engine&iadgure P202p26)e nt 0, (
®AiTesting at the Speed of Lighto, (The National Academi

8SEMI, APublic Comment 52. SEdddns.goKApni5FRIMmar k. 04/ 05/ 210,
Mar k Lapedus, "Shortages, Chal Santcgndustor Engigeerinfebriasyc k agi ng
18 2021).

%A Advanced Packaging: A collection of approaches for coc
and | ower costo, (Semiconductor Engineering, n.d.).
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functional, security, volume, environmental performance, thus allowing customizable device for unique
national security applications.

In 2019, advanced packaging made up 42.6 percent of total semiconductor paciiagirasthys

expected to reach nearly half of the total semiconductor packaging markep bBhhd@suld be a

compound annual growth rate (CAGR) of 6.1 percent from 2014 to 2025, more than doubling advanced
packaging revenue from $20 billion in 20tdughly $42 billion in 2025. This is almost triple the expected
growth for the traditional packaging market, estimated at a 2.2 percent CAGR from 2094 to 2025.

Advanced Packaging: Current Resilience

The top 10 advanced packaging companies includBMwdintel (U.S.) and Samsung (South Korea)); a
foundry (TSMC (Taiwan)); the top five global OSATs (ASE Group (Taiwan), SPIL (Taiwan), Amkor (U.S.),
Powertech Technology (Taiwan), and JCET (China)) and two smaller OSATs: Nepes Display (South Korea)
and Clipbond (Taiwan)). These 10 companies process approximatébuttive®f all advanced packaged
chips®?

Advanced packaging in the United States is primarily provided by IDMs, including Intel, Texas Instruments,
and Micror?3 One U.Sbased foundry, GhalFoundries also provides advanced packaging Sénvices.

addition, smaller companies, such as Micross, Skywater and Qorvo, provide advanced packaging services to
supply niche defense and industrial rféeds.

While China does not currently have strdmgreced packaging capabilities, as noted above, it is developing
advanced packaging capabilities in order to compensate for its lack of productioneddeading
semiconductors.

In addition, as capabilities and demand for advanced packaging growtscembméted in response to the
Feder al Regi ster Notice of I nquiry (NOI) note tha
packaging substrates (which are based on printed circuit board technologies) and related supply chains
present vulnerdhies?” Suppliers for substrates are based in Asia. Key substrate companies include: Ibiden
(Japan), Nanya (Taiwan), Shinko (Japan), Samsung (South Korea), Unimicron (Taiwan), Shennan Circuits
(China), Zhuhai Yueya (China), and AKM Electronics Indi¢Stniaayé In addition, printed circuit board

P®Kumar et al ., AWebinar: Tr enddvsa nacnedd Phaaclklaegni gnegsd ,i n( SSeemmi cc
Industry Association, September 29 2020).

91Santosh Kumar, Favier Shoo, and Vaibhav Trivedi, "Status Of The Advanced Packaging Industry 2020: Market &
Technology RepotJ ul'y 202006, (Yole Development, July 2020).
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manufacturing has shifted to China, making China a more attractive market for substrat suppliers.

IPC/U.S. Partnership for Assured Electronics (USPAE) estimates the United States is 20 years behind Asia in
printed circuit board manufacturing technologies necessary-fgemerstion electronics applications and

30 years behind in the capability to manufacture the printed circuit board mandileesulrgjrates

necessary for advanced microelectronossi@isg®® The U.S. printed circuit board manufacturing industry,

which once accounted for more than 30 percent of total global production, today accounts for less than five
percentol

Semiconductor Advanced Packaging: Risks

Key risks pertaining to advathgackaging are reviewed below.

1 Chinese Investments in Advanced Packaging Threaten to Upend the Market in the Future:
While China lacks strong advanced packaging capabilities, the Chinese government has made significant
investments in advanced packagia the past several years, advanced packaging has been a
technology priority for the Chinese semiconductor industry, with the State Council aiming to have
advanced packaging account for about 30 percent of all packaging revenues earned by Ghinese vendo
by2018%2|1 n January 2021, SMICO6s newly hired vice <ch
focus on advanced packaging to overcome their weakness in reducing semiconductor linewidth, probably
signaling that SMIC will be aggressively moving into advanceohg#eksigphen Hiebert, senior
director of marketing &t.S. semiconductor packaging equipment company KLA reported in 2018
0éwe see strong OSAT investment in China as adve
frontend f ab®projects. o6

T Lack of Cgabilities in Materials for Advanced PackagingAdvanced packaging substrates, which
are based on printed circuit board technologies, and printed circuit board manufacturing is primarily
based in Asia, with the latter based primarily in China. This chedlenges for companies seeking to
invest in advanced packaging in the United States.

9 Defense Needs Alone Are Insufficient to Keep Advanced Packaging Onshofehandful of U.S.
companies provide advanced packaging solutions for defense needs, piigsehacemall share of the
market. As advanced packaging capabilities continue to grow outside the U.S., they will soon overwhelm
the volume of defense needs and market forces will draw-ésgircgpabilities offshore. Ultimately,
volume drives botmmovation and operational learning; in the absence of the commercial volume, the
United States will not be able to keep up either with the technology, in terms of quality, cost, or
workforce.

In summary, the United States relies on foreign sources i@aadeantAsia for bagnd ATP capabilities,

creating supply chain disruption risks in this segment of the supply chain. Packaging is becoming more
advanced as the industry is pursuing new approaches to compensate for the complexity, lower yield, and
diminishing marginal returns of esaraller feature sizes at the most advanced or smallest nodes. While the
United States and its partners have advanced pack

¥ The loss of technological leadership in printed circuit boards shows weaknesses in the electronics supply chain
beyond semiconductors that is not the subject of this report, but as constertter federal register notice have
indicated, are weaknesses that also need to be addressed to ensure a strong supply chain.

W PpPC and USPAE, fAPublic Comment 91. | PC and USPAE. Chr
2021).
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packaging threaten to upend the mankiste future. In addition, the United States lacks the ecosystem for
developing advanced packaging technologies.

Semiconductor Materials

As described above, modern chip manufacturing is an incredibly complex process, involving hundreds of
stepscompleted over several months. Among the essential inputs for semiconductor manufacturing are
hundreds of materials that are used in various stages of the fabrication process. It is beyond the scope of this
100day review to evaluate all of the inputshi® semiconductor manufacturing pro&e®8.0ne market

research firm estimates that the global market for electronic materials and chemicals and gases for the
semiconductor industry was valued at $18.3 billion in 2020 and is predicted to growllior$9§.2 b

20257 However, the following provides a brief review of the supply chain for certain key semiconductor
materials.

Polysilicon

The process of manufacturing semiconductors starts with silicon, which is the second most abundant element
intheeart hds crust. Al t hough most silicon is wused i
silicon is used to produce polysilicon, a high purity form of silicon used in the electronics and solar industries.
The semiconductor supply chain hegiith polysilicon of ulttaigh purityd 99.99999999999 percent pure.

It is often r eiwithimpudtiestequivaeat tojustbne yraimod sari in 16 Olyixgyic

swimming pools. To produce the ultrahigh purity polysilicon, silkconkised chemicals such as

trichlorosilane gas in a very energy intensive process. Polysilicon used in the solar industry is of a lesser
grade, known as 09 Ninesdé pure, and sol ar®applica

There arseveral manufacturers of electregiesle polysilicon with manufacturing in the United States,

including Hemlock Semiconductor (Michigan), Nebaagd REC Silicon, Germdmased Wacker

Polysilicon, and Japhased Mitsubishi Materials America. -bhh®d Hemlock Semiconductor indicated

that it has the capacity to increase polysilicon production by 50 percent, yielding up to 35,000 tons of
polysilicon per ye&® Although the U.S. currently has production capacity, according to the domestic
producers, &. technological leadership and production of semicorgazterpolysilicon is at risk due to
Chinads actions to increase its dominance of both
these actions, which include a high tariff onifedysimported to China, U.S. polysilicon producers have

been cut off from the Chinese market, which represents over 95 percent of the giptzalesplalysilicon

market. Direct and immediate customers in the solar industry currently do nohexisiited States.

Because the production processes for semiconductor grade and solar grade polysilicon are closely related,
U.S. producers must be able to take advantage of a robust global market for solar energy products to ensure
continued production ohaterial for semiconductéts.According to these producers, China now accounts

for over 70 percent of polysilicon production capacity, and U.S. producers, ninglpercent.

105|n response to the Notice of Inquilsgveral of those commenting noted supply chain vulnerabilities for specific
materials used in the semiconductor manufacturing process, including ABF substrate, lanthanum, cerium, scandium,
cesium, hydrogen fluoride, and helium.

106 For more information ospecific semiconductor materials see: Saif M. Khan, Alexander Mann, and Dahlia

Peterson, AThe Semiconductor Supply Chain: Assessing N
WAaEl ectronic Chemicals and Materials: The Global Marke
8Johane s Bernreuter, fAPolysilicon Uses: The |ionb6s share
Research, June 29 2020).

Tayl or DesOrmeau, fAHidden in the cornfields, Michigan
10/ T r apt:&ictualiForum for Risks in the Semiconductor Manufacturing and Advanced Packaging Supply
Chaino, (Bureau of Industry and Security, April 8 2021
Mi65% surge in polysilico prices triggers anexpected
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Semiconductor Wafers

After the polysilicon is produced it must be grown into inpetingots are then sliced to make the thin
diskshaped silicon wafers from which the chip manufacturing process begins. The United States lacks the
manufacturing capacity to transform polysilicon into polished, blank wafers. As most semiconductors are
made of silicon, this is a key vulnerability.

The major players in the silicon wafer maridtich are capable of producing 300 mm wafers used-in state
of-the-art semiconductor fafysare headquartered in Japan, Taiwan, Germany, and South Korea. Japanese
firms are dominant in this sector, with an estimated 56 percent share of the market, followed by Taiwan (16
percent), Germany (14 percent), and South Korea (10 percent). Only small U.S. firms, such as Virginia
Semiconductor, manufacture silicon waféheugih some of the foreign (German, Japanese, and Taiwanese)
firms have production facilities in the United States. China is not a major player in this market, and has very
limited capability to make 300 mm wafers; the estimated market share of iGtsnssess than five

percenti2

The global semiconductor industry has been constantly increasing the diameter of silicon wafers used as the
larger the diameter of the wafer, the more real estate of silicon is available for manufacturing. At present, the
semiconductor industry is widely making use of 300 mm wafers; investments for 450 mm wafer production
were explored by a collection of leading manufacturers, but significantly higher manufacturing costs for
semiconductor processing tools and lower expettieds on investment led to the abandonment of this
approach. Two hundred mm wafers also continue to have a large market, especially for commaodity
semiconductors.

With respect to silicon wafer manufacturing equipment, according to comments subesiftedsie to the

NOI, most of the specialized equipment, including the special furnaces used to grow ingots from polysilicon
called Czochralski, or CZ pullers; and the special materials used to transform polysilicon into wafers,
including quartz cruciblegaphite parts, and slicing wire; aressaleeed or not produced in the United

States!s

Although the vast majority of commercial semiconductors are produced from silicon wafers, compound
semiconductors, which feature a thin coating of a materidiffeittnt physical and conductive properties,

are better suited to key emerging applications in 5G communications, autonomous vehicles, renewable energy
and military systems. These materials, which include germanium, gallium arsenide (GaAs), GaN, and SiC
continue to function well beyond the temperature threshold of silicon, and can thus deliver superior
performance with lower size, weight and power requirements. Compound semiconductors have historically
been developed for military or specialty comntianisaand optoelectronics applications and have been

more expensive. However, as they are increasingly being used commercially and there have been
developments in GaN and SiC, the cost differential has decreased.

The United States currently has a leaggrehition in GaN microwave electronics for radar, electronic
warfare and communications. Other countries, especially China, are making large national investments to
create their own GaN electronics capabilities.

The Department of Energy has long racagl the importance of developing compound semiconductors for
power electronics, having established Power America, a Manufacturing USA Institute in 2015. Power
America is a consortium of 60 companies, universities and federal laboratories focusedting dlcee
adoption of U.Smade SiC and GaN in applications such as electric vehicles, renewable energy, grid

W25 ai f M. Khan, Al exander Mann, and Dahlia Peterson, AT
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resilience, and mass transit systenis.addition, DARPA has funded numerous programs focused on
indium phosphide, GaAs, SiGe, SiC, GaN lamdrum nitride plus recent work on ultnide bandgap
semiconductords Beyond this investment in research, however, there remains a significant need for a
domestic foundry, as foundry services for SiC and GaN are mainly 8ffshore.

The United States igjkobal leader in deployment of SiC, making it a true competitiveness success story, due

in large part to consistent and substantial U.S. Government investments over decades. The United States has
homegrown SiC companies and has also attracted sidoifégggntdirect investment. Cree Power (U.S.) is

perhaps the bekhown example of the former. With regard to foreign direct investment, Infineon

(Germany) has dramatically increased its U.S. presence in recent years with the acquisitions of American
conpanies International Rectifier in 2015 and Cypress Semiconductors in 2020.

Photomasks and Photoresists

Photomasks, including reticles, are plates that contain the pattern used to produce integrated circuits. Since
custom photomasks are usually identifjeehduser, they are one of the areas of the semiconductor supply
chain that pose the most risk for malicious tampering.

As transistors have become smaller and smaller, photomasks have also become more complex in order to
accurately transfer increasingiyplex patterns onto the silicon wafers. Masks are made using a process
similar to that used to make the chips themselves,-bsamdithography and laser lithography machines.

During the photolithography step of the semiconductor fabricationspiaess shined through the

photomasks to produce a pattern on the wafer. A photoresist, which is a light sensitive organic material used
to form a pattern, is then applied to the wafer, which is then exposed to light using a photolithography tool.
The pattern created in the photoresist is then etched in the wafer to create the minute, highly complex circuit
patterns of the semiconductor design. Photomasks fesfdtatert chip manufacturing, using EUV

technology, are significantly different t@mventional photomasks. EUV masks work by reflecting light,

rather than blocking light and use a silicon and molybdenum layered substrate rather than chromium and
quartz.

Captive production of photomasks is common among large semiconductor firrfi$.SIjt&amsung

(South Korea), TSMC (Taiwan), and SMIC (Chirregvalirhouse mask making operations. Fabless
semiconductor companies, however, rely on merchant photomask manufacturers, leaders of which are
headquartered in Japan, the United State$aaman. The Center for Security and Emerging Technology

(CSET) estimates that Japanese firms control 53 percent of the merchant mask market, while U.S. firms have
40 percent, and Taiwanese firms, seven p&fcent.

According to the CSET supply chstimdy, Japanese firms also dominate the semiconductor photoresist
market, with an estimated 90 percent share. The remaining 10 percent is held primarily by firms based in the
United States and South Korea. China has little indigenous capacity t@gvadaeed photoresists.

UltraPure and Regular Chemicals and Gases

There are many providers of chemicals and gases for the semiconductor industry, with leading companies
based in the United States, Japan, and Europe. Foreign companies usually heeéretipeederted

States. The bulk of the business of most chemical and gases providers is outside of the semiconductor
industry.

15powerAmericafi Pub |l i ¢ Comment 45. Power America. Victor Veliad
8Nati onal Defense Industrial Association, fiPublic Comm
Nick Jones. 04/05/2106, (Regulations.gov, April 6 2021)
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The United States, Japan, and France produce semiconductor gases. Currently, the six largest suppliers
Versum Materials (8.), SK Materials (South Korea), MTG/TNS (Japan), Air Liquide (France),
Linde/Praxair (U.K./U.S.), and KDK (Jap@montrol about half of the overall market, with about 50
suppliers accounting for the other half of the méiket.

The United States, Germamd Japan are leading producers of wet chemicals. KMG Chemicals (U.S.),
Avantor (U.S.), Honeywell (U.S.), BASF (Germany), and Kanto Chemical (Japan) have more than 60 percent
of the market share of wet chemi&als.

Raw Materials

The raw materials ubt produce wafefsincluding silicon and galliérare concentrated in China. Helium
gas is also in shortage. The U.S. is a source of helium howeverpitaducbygf natural gas production
and therefore subject to gas priges.

Some of theritical materials, minerals, and rare earth elements discussed in the critical minerals and
material s®& supply chain review required under Exe
manufacturing (including gallium and polysilicon). Howkkeugh these materials are critical to the
semiconductor manufacturing process, other uses of these materials are consumers of thesandaterials,

the issues for these materials are not particular to the semiconductor industry.

Semiconductor Materials Risks

T \Variety of Materials RequiredThe incredibly complex semiconductor manufacturing process requires
hundreds of essential inputs, many of which are raw materials, chemicals, and gases. These materials
have their own complex supply chains, ang tikatain hidden choke points that could disrupt
production. In addition to the raw materials, compound semiconductor materials are increasingly
important to commercial and military applications. Global leadership in automated vehicles, renewable
energyand cloud computing will require sustained investment in materials research, both to understand
and characterize unique material properties, and to utilize them in such a manner that effectively exploits
those properti€ig3

1 Dependence on Foreign Sourcingvlany of the materials used in semiconductor manufacturing have
limited production in the United States. The majority of silicon wafers are manufactured in Japan, with
an additional quarter of the supply filled by nearby Taiwan and South Korea. nnsmdéicaw
materials, including silicon and gallium, are primarily sourced from China. Certain specialty inputs such
as certain electronic grade gases and chemicals, also have limited domestic sotktig, if any.
disruption in the supply of any of thesaterials could have-faaching impacts on semiconductor
production.

1 Geographic Concentration of Supplierdn addition to a dependence on #hi$. sources, many of
the foreign sources of materials for semiconductor manufacturing are conceBastessia. As
noted above, gallium and indium are primarily sourced from China, and silicon wafers, photomasks, and

%Mi ke Corbett and Andy Tuan,tyO@Gasesani ( BEBMI j nOEtebeéer o
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photoresist are primarily sourced from Japan. Additional sources of supply are largely concentrated in
Taiwan and South Korea.

1 Safety, Avdability, and Transportation of Chemicals and Gases:.ong distance supply chains for
chemicals and gases can present a safety and material purity concern, and semiconductor manufacturing
requires the constant input of certain gases and chemicalsndelsesials companies often have
production/services near semiconductor fabs for this reason. Thetditigkvet chemicals are already
in short supply, as, according to public comments, the low margins leave no incentive to expand
production capacity?

In summary, foreign suppliers dominate the market for silicon wafers, photomasks and photoresists.

Japanese companies are especially strong in these industry sectors. The products, however, are manufacturec
in various locations throughout the world, mady of the foreigheadquartered companies have

production facilities in the United States to serve domestic semiconductor manufacturers. The United States
and ally countries produce gases and wet chemicals for semiconductors. China does notitiaaje compet
technologically advanced indigenous production capability for wafers, photomasks, or photoresists.

However, China is the leading global supplier for gallium, one of the base elements for gallium nitride and
gallium arsenide semiconductors.

SEMICOND UCTOR MANUFACTURING EQUIPMENT
SME: Overview

There are multiple categories of SME, each used in a different step of semiconductor production line. There
are equipment types specific to manufactuthé ng bar
bare wafer to semiconductors on a wafer (femt), packaging (Baekd), and equipment for

manufacturing photomasks (mask manufacturing). Chip manufacturers need all the categesias of front
equipment in their manufacturing line. The costroplex frontend semiconductor manufacturing

equipment is a major reason (along with construction costs) for the high cost of a semicoituctor fab.

Frontend SME include equipment for fabrication steps, including lithography, etching, doping or ion
implanation, deposition, and polishing or chemical mechanical planarization. Of particular note is metal
organic chemical vapor deposition (MOCVD) equipment, a specific type of deposition equipment that
deposits thin layers of certain metals, used primatig fsmoduction of compound semiconductors,
including those based GaAs and GaN. Ba@&nd SME includes equipment for ATP and advanced
packaging.

SME: Current Resilience

The SME industry is dominated by companies in the United States (41.7 perbgneskare), Japan

(31.1 percent share), and the Netherlands (18.8 percent share). South Korea has 2.2 percent share, and the
rest is shared among China, Germany, Taiwan, Israel, Canada, and additional countries in Southeast Asia and
Europel2’” Many of tle South Korean SME companies are owned by Samsung or SK hynix, or one of these
South Korean semiconductor companies is their primary custoitiough there is a Chinese company

producing every category of semiconductor manufacturing equipment,c8hipasés do not have a

notable share of any category except assembly and packaging equipment and MOCVD.

2SEMI, APublic Comment 52. SEMI. Kim Ekmark. 04/05/ 210
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The top five semiconductor manufacturing equipment companies for 2019 were Applied Matérials (U.S.
18.8 percent world market share), ASML (Netledel6.8 percent), Tokyo Electron (JafpaB.4

percent), Lam Research (18.51.8 percent) and KLA Corporation (18.6.8 percentpéfor a total 67.6

percent of the world market (by value).

As indicated in the figure below, while the United Statsighifisant market share in the production of
most frontend SME, the notable exception is for lithography scanning/stepper equipment, which is almost
all manufactured by the Dutch company ASML and Japanese companies Nikon and Canon.

One piece of SME cdrave over 100 parts, and parts of and accessories for SME (HS 848690) is the largest
trade category for this industry. According to the Census Survey of Manufacturers, half of the revenue for
sales of U.S. semiconductor manufacturing equipment isrsparts@and other materigsU.S.

companies provide key parts for equipment sold by foreign companies. Notably, Cymer (U.S.) manufactures

the | asers for ASMLOs EUV stepper/scanner | ithogr
Cymer remains aparate operating unit in ASML located in the United States. Also, some of the minerals
and materials referred to in the oOMaterialso sect

manufacturing equipment.

Due to the limited market and custosrend the cyclical nature of sales, most of the large equipment

companies manufacture more than one type of equipment so they can offer a full suite of devices and upkeep
options to customers. Lithography stepper/scanner equipment companies suchams ASkNXception to

this rule because of the unique technologies of the equipment. Lam Research specializes in deposition and
etch, Tokyo Electron (TEL) in deposition and etch, and KLA in metrology and ingplection.

202019 Top Semiconductor Equipment Suppliers; The year
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R2019 Annual Surve
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As indicated above, for lithography, ASML (Netherlands) is the sole producer of EUV stepper/scanners,

which are essential for producing integrated circuits with a linewidth of 5 nm or less. However, only two
semiconductor manufacturers, TSMC and Sancsurently use EUV machines in production, which cost

more than $100 million. Both ASML and Nikon produce Deep\Villiiet (DUV) photolithography

machines that cast a beam of | ight through a phot
onto a wafer. Outside of the Netherlands and Japas
lithography equipment is primarily in lithography equipment for specific lower volume chips or for making
photomasks.

An exception to Japanese and Dutatideship is MOCVD equipment, which is used in the production of
semiconductors made from materials other than silicon (such as GaN and GaAs), including LEDs, laser
diodes and other photonic chips, power/RF devices, and solar cells. As mentionedralzrea]efense
implications for GaN chips. MOCVD equipment is manufactured by Veeco (U.S.), Aixtron (Germany) and
AMEC (China). China attempted to gain market share in the MOCVD market through acquisitions. In
2016, Chinese entity Fujian Grand Chipstmvent Fund, a company formed for the transaction that

included statand regional owned bodies, tried to buy Aixtron, but the prospective acquirer dropped its
takeover bid after the deal was blocked by President Obama after a review conducted bytégeoBommi
Foreign Investment in the United States (CR3S).

¥25aif M. Khan, Alexander Mann, and Dahlia Peterson, @AT
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The top three companies for etching equipment are Lam Research (U.S.), Tokyo Electron (Japan), and
Applied Materials (U.$3}.Chinese companies, including AMEC, have developed some expestissnth et
can compete in most segments except leading edge, however their market share is only aroundsone percent.

In contrast to fronend SME,He United States haeetatively small market share (4.9 percent) irebedck
packaging SMElapan has the dgst share of packaging equipr@h¥ percentjollowed by Ching22.9
percentand the Netherland&1.1 percent). However.S-basedulicke and Soffa is a leadBIgE
packagingompany The United Statesd Japaare leaders in baekd test egpment (for ATP), with
33.5 and 48.6 percent of the market share, respectively.

SME: Risks

Key SMEspecific risks are reviewed briefly below.

9 Dependence on Foreign Sale&Vhile the United States has a significant share of the SME production
market, U.Sroducers are highly dependent on foreign sales. As the largest manufacturers of
semiconductors, Taiwan, China, and South Korea are the largest market&fokl8Md&gh Taiwan
is expected to regain its position as top market for SME for 2021 aldd2@2d, significant spending
in chip production, Chinads c¢onsrpekampeyU®Sf SME |
based Applied Materials and Lam Research report that approximately 90 percent of their total revenue in
2020 resulted fromndnh. S. sal es, with China growing from 16
2018 to 31 percent in 2020 Accadingly, U.S. SME producers are at risk of being significantly
impacted by trade restrictions between the United States and China or unexpected demand shifts in Asia.
The resulting impacts could last far beyond current revenue declines, as semicandizatiurens
experience some degree of equipmeninpekith changing equipment providers requiring costly
redesi gns. Lam Research, for instance, noted i
manufacturer c¢ommi t ssemicondyctorrmarufacsueng equipmemyphet i t or 6 s
manufacturer typically continues to purchase t he
to sell our equipment to that customer . 6 Al so,
with fabs, universities, and semiconductor industry cofis8Mti& companies cannot increase their
customer base beyond these categories as this equipment is unique to the semiconductor industry.

r

1 Chinese Subsidies for SME Production Distort the Marketn additon, China plans to provide
significant subsidies to fund SME production in
Circuit Industry Investment Fund, discussed below, focuses on etching machines, deposition, test, and
wafer cleaning equipmaevith funding from $28.9 to $47 billigh.Subsidies keep the Chinese
companies in business even though most do not appear to be makingrpes@mple, according to
Organization for Economic@p er at i on and Devel opmenf{ectgn®© ECD) , 0
have had discernable effects on the financial p €
increases in firm assets are not matched by any increase in prafité&olhg. subsidies provide
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Chinese companies with access to funds &t inVe&D for the next generation semiconductor
manufacturing, affording significant advantages to these companies relat@aittesercompanies

that do not receive such subsidies. In view of the massive R&D and capital expenditure to manufacture
SMEsand uncertainties with respect to the timing and location of leading edge chip production, unlike in
the past, today, SME makers are reluctant to invest in R&D for the next generation wafer size without a
commitment from top semiconductor companies.

1 Shotage of SME for Smaller Wafer SizeEven with widespread use of newer technologies like 300
mm lines, many types of semiconductors especially small surface area discrete semiconductors,
compound semiconductors, andture nod@ntegrated circuit semicomtiors were designed to be
produced on 200 mm or even smaller wafers. As a result, foundries usually have both 200 mm and 300
mm lines, and a notable share of semiconductors production is on 200 mm wafers or even smaller.
There is currently a shortag@® mm equipment, which shows no sign of abating. More than 200 fabs
currently in operation produce semiconductors on 200 mm wafers, mosityfemodehips (350
nm to 90 nm). Automotive, consumer (gaming), wireless communications, 5G smartphohek &ho s
are cited as driving demand for 200 mm capacity. In addition, analog, display drivers, power
management integrated circuits and radio frequency devices utilize 200 mm wafers or smaller and
industrial and power semicondudioespecially GaN or otheompound semiconductor often utilize
such wafers. An SME company reported that although sales of 200 mm wafer equipment declined from
2010 to 2015 toward a-50 split between 200 and 300 mm as expected, demand reversed to 2010 levels.
SEMI reports thiain 2019, there were five new 200 mm fabs and seven began construction in 2020
(three in China, and one each in the United States, Japan, and Taiwan). Although equipment for 200 mm
used to be available as used equipment, this market has dried wuigdemeat 200 mm is also hard
to come by, especially lithography equip#fent.

T Industry Consolidation: Today, new equipment buys will be due to new fabs, technology, features or
need to increase output, increasing the importance of services and upigitaelesrasolidation of the
industry toward large providers with a wide range of products, such as Applied Materials, Tokyo
Electron, and Lam Research. This also puts the smaller equipment companies in danger of being
absorbed by larger companies or Iasfes to subsidiaries of the larger companies.

In summary, the United States has a significant share of global production of reost 8btE with the

notable exception of lithography equipment production, which is concentrated in the Netherkgpats and J
The United States also has a significant share of global productiorenfiiasking equipment. By

contrast, the United States has a relatively small market share in glebdl®é&kpackaging equipment

while China has a significant sharkile/China is currently highly dependent orCitnese sources for

SME (with the exception of packaging and MOCVD), it is providing significant investments focused on
production such equipment. These investments afford significant advantages tictaey lmemepanies

relative to other companies in terms of investments in R&D to produce equipment for leading edge chips.

RISK ASSESSMENT

The semiconductor manufacturing supply chain is so broad and includes so many materials and processes
that identifyingisks to the semiconductor supply chain is virtually synonymous with identifying all risks to
manufacturing in general. The SIA notes, for example, that one of its members has over 16,000 suppliers,
more than half outside the United States, and thai@sductor may cross international borders as many

as 70 times before reaching its final destiri&tidhe risks addressed in this report will accordingly not be
exhaustive, but represent an attempt to broadly categorize and summarize key rigkb/f&cing th
semiconductor industry.

“Mark Lapedus, @A200mm Demand Surgeso, (Semiconductor
Al am et al. AGlobality And Complexity of the Semicond
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The many categespecific risks identified above are often symptoms of more general supply chain
challenges. The Department of Commerce has identified broad risks that encompass most of the identified
threats to semicondoc supply chains: (1) fragile supply chains; (2) malicious supply chain disruptions; (3)
use of obsolete and generations old semiconductors and related challenges for continued profitability of
companies in the supply chain; (4) customer concentratigeopaditical factors; (5) electronics production
network effects; (6) human capital gaps; (7) IP theft; and (8) challenges in capturing the benefits of
innovation, aligning private and public interests.

Fragile Supply Chains: Many Inputs, Industry Concemation, and Geographic Concentration

The supply chains for semiconductor manufacturing are immense. Aside from the immediately apparent
inputs such as wafers and photomasks, the manufacturing of semiconductors requires hundreds of chemicals
and dozens afases. A 2018 study of chemical use in two memory device fabrication facilities found they

each used over 400 chemical products weighing over 45,000 ton$‘pescpeading to NIST, as many as

49 gases alone may be used in semiconductor pro#adany of these chemicals have their own

extensive supply chains that often originate outside of the United States or may depend on limited or single
sources of supply.

While not commonly thought of as manufacturing inputs, assured sources of watelyaare essegtial to

semi conductor manufacturing. One commenter respo
production facility uses two to five million gall
build an industrial water atenent facility to better insulate itself from droughts or otherretated

di sruptions, aiming to satisfy over 40 percent of
202447

Energy demands are also high for semiconductor fabricatiditied-acy require as much as 100
megawathours of power each hour of operatigequivalent to the amount of power consumed by the
average U.S. household in nine y&awith electricity amounting for up to 30 percent of fabrication

operating costs, &ss to reliable and affordable energy is essential for semiconductor manufacturers to be
competitivés0 The sudden cessation of water or electricity into a fab ruins wafers currently in the production
line, at a high cost to the manufacturer.

For inputs tlt can be kept in inventory, efforts to gain cost savings through reduced inventories increase
vulnerabilities to supply chain disruptions. While many companies seek multiple suppliers to reduce the risk
of disruption, for some items, this may not beilpessAs discussed above, many segments of the
semiconductor supply chain are highly concentrated, with one or a handful of suppliers dominating a
particular process or area of focus. One of the most visible such areas is in photolithography equipment,
where only ASML supplies EUV equipment, and the top three providers (ASML, Nikon, Canon) account for
virtually all of the overall market share.

The United States leads the world in fabless semiconductor design, which introduces the additional supply
constrint of outsourced manufacturing services. As noted above, 80 percent of the foundry market share is
located in Asia, nearly all located in Taiwan. With a limited number of potential suppliers of chip fabrication

WKim et al. AChemical uascet urni nghei nsdeuns tcroynod,u c(tlort enramautfi o n
and Environmental Health, October 24 2018).
YFEl uid Metrology Group, fdlndex of Semiconductor Proces

Technology, August 21 2020).
¥ChengTingFang MCiT8ckl es Taiwan drought with plant to reus

2021).
st eve Chen, Apoorv Gautam, and Florian Weig, ABringin
2013).
"iUse of energy explained: Energy use in homeso, (U.S.
St eve Chen, Apoorv Gautam, and Florian Weig, #fABringin
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services and severe geographic concentrasingle event such as a natural disaster can result in significant
disruption across the supply chain.

Indeed, the globalized and highly specialized structure of the semiconductor manufacturing supply chain,
combined with the economic benefits of ggalic manufacturing clusters, raises the risks of disruption

from natural and humanade disasters. For example, in December 202eh@uoi@ng power outage in a
memory fab in Taiwan impacted 10 percent of global DRAM &ddply more recent exarepthe 2021

cold weatherelated power outages in Texas led to short term closures of three chip manufacturing facilities
in Austin, further straining supply chains that had been impacted by-C®¥IIh addition, following a

fire at its facility in Mainc2021, Japanese chip producer, Renesas Electronics Corporation, said that it would
take 100 days for the plant to return to normal production. This further exacerbated the automotive chip
shortage because titird of the output of the impacted productime supplied automotive chipsWith

East Asia hosting significant concentrations of critical material inputs and manufacturing processes, and U.S.
semiconductor manufacturing concentrated in Texas, Arizona, and Oregon, the potential for a gingle event
have large impacts is heightened.

Domestic manufacture, processing, and distribution of semiconductors and materials and equipment related
to semiconductor manufacturing could potentially be impacted by current and future regulations under
environmerdl statutes. Regulated entities, including those in the semiconductor industry, may need to
identify specific chemicals in their supply chain and engage in R&D to reduce or replace those chemicals as
necessary. Given the complexity and challengesophe chain outlined in this document, this could, in

some cases, be a significant undertakheylJ.S. Environmental Protection Agency is aware of these issues,
including those raised by commenters regarding specific actions under the Toxic Sobstahges

and has been in constant communication with the semiconductor industry regarding how supply chain
impacts can be considered during development of future regulations.

Malicious Supply Chain Disruptions: Insertions and Counterfeits

The risk ofmalicious disruptions to semiconductors and their supply chains has risen in concert with
increased chip complexity, process separation, an
(DoD) Defense Science Board Cyber Supply Chain TaskoFbroes er t i on of a mal i ci ou.
vulnerability via the supply chain can occur at any time during production and fielding of a weapons system

or during sust ai nmeThe desigh stap is partituiady ivudnerdble o walerbtomo. 6
insertion. Such attacks would not need to be targeted at a particular end user; as designs and IP blocks can be
used across millions of chips a modified design could insert a back door across all chips using it, with a
malicious actor then able to tatge system using the chip, specialized designs for kneusesndould

be especially vulnerable. Theesat is also easily identified during the fabrication of the specialized

photomasks and packaging.

Counterfeiting and 1&se of semiconductors peats an additional risk. Beyond the revenue loss

experienced by the victims of counteffegistimated at $100 billion annually for the entire electronics

sectofi systems and end users can experience early or catastrophic failure as a result of counterfeit
semiconductorsé Defense systems and critical infrastructure are particularly at risk from counterfeits, as
these uses often place more stress on components and have more dire ramifications for failure. Inspection,

Blvaras et al AiStrengtheningnThe @InoWalc e ¢ mii mo iEd mdt or
%2 an King and Bloomberg, fAiTexas power failures shut do
supply chaind, (Fortune, February 17 2021).

BBEimi Yamamitsu, ARenesashtshipplantintekrl®®a P Opdagdsaoti O Reatef b
29 2021).

154 For example, see public comments from Hitachi Higith America, Inc. and American Chemistry Council.
pDefense Science Board, ATask Force on Cyber Supply Ch
Acquisition, Technology, and Logistics, April 2017).

¥Guin et al. ACounterfeit Integrated Circuits: A Risin
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sensing, and monitoring also is aiqadar risk because a counterfeit semiconductor may not detect failures
and problems or may induce+eadibration of equipment due to faulty readings. The simplest form of
counterfeiting in this case is thgpaekaging or remarking of a usedhmdaded or not to spec

semiconductor. Semiconductor companies have developed sophisticated product markings and other
counters to this.

The DoD instituted the Trusted Foundry program in 2003 to focus on assuring the integrity of the
semiconductor supply chain for the U.S. Government. To this end, DoD Instruction 5200.44 requires that
oln applicabl e s-wlatedenodets and servicegshail begrbcured fror artiugted

supplier accredited by the Defense Microelectronics Activity (DMEA) when they ardesigteed,
custommanufactured, or tailored for a specific DoD military end use (generally referred to as-application
specific integrated circuits (ASICs))." With no leadigg semiconductor manufacturers in the United

States or other members of the National Technology and IndustrigitBas¥D is currently unable to

ensure its access to secure supplychairis! Sim | y, t he Department of Ener g)
Laboratoryds planned Aurora supercomputer has had
delays in starting 7 nm productign.

Use of Obsolete and Generations Old Semiconductors and Related @éreges to Continued
Profitability of Companies in the Supply Chain

Beyond access to leading edge chips for new systems, the United States has significant ongoing requirements
for mature node and obsolete semiconductors. Many defense systems ingpaviticedavice for many

decades beyond their initial design, and sustainment of these systems requires a continued ability to
manufacture and replace parts that are no longer cutting edge. The chips us@donber3for

example, were obsoletd geven years after it came into service; replacing the obsolete electrical

components ended up costing nearly 40 percent of what it would have cost to replace the entire electrical
system?® With defense and other critical systems often having lifespatezidn decades and

semiconductors doubling in density every two years, U.S. national security can depend on semiconductors
that are generations old.

In addition, for consumer applications, thecensinueddemand for chips that are years removed from
leading edge, creating challenges for continued profitability and production of components. For example,
mature node chips (those chips with largewitiths) that are ubiquitous in autos and other electroni

devices throughout the electronics ecosystgeverely impacted by the current shorfdgese are
relativelyow-costprocessors that carry out tasks within many different typesusfesn@specially
microcontrollers Despitecontinueddemand,herelativecost of buildingnd operatingew fabrication

facilities focused on older technologibigis and is complicated e limitedsupplyof semiconductor
equipment suppliefsr mature node production

Customer Concentration and Geopolitical Fetors: Dependence on China and Potential for
International Conflict

While the United States no longer leads the world in semiconductor manufacturing capabilities, it does play a
dominant role in the crucial EDA, IP, and SME segments. With much of théworl s e mi conduct or

157The National Technology and Industrial Base (NTIB), established hy.3(C. §2500, includes national security
and dualuse activities in the United States, Canada, the U.K., and Australia

%80del |l et al . @ASuppHdgeChlantne grri astke d nCilLrecawdiitnsgd, (Il nsti tut
2021).
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manufacturing carried out in Asia, these companies are highly dependent on manufacturing outside the
United States for production of their chips. They also substantially rely on sales outside the United States for
revenue, which in tufands continued development of leagidge chips to maintain their market lead. As

noted above, U.S. equipment companies are nearly entirely dependebt nsades, with sales to China
accounting for an increasingly large percentage. Losingpabesescustomers in the short run can have
permanent effects, as manufacturers redesign their processes based on their equipment suppliers.

U.S. semiconductor companies, particularly equipment providers and EDA suppliers, thus have the potential
to be gnificantly impacted by trade restrictions between the United States and China, with major portions of
their revenue atriskoflohge r m di srupti on. Based on the Chinese
semiconductor industry, these revenue epuonay be at risk in the long run regardless, but given that their

ability to reinvest in their businesses is immediately dependent on sales to Chinaetineivikmtty is

immediately affected by actions that decrease sales. The current depeh@mmenpanies on sales to

China, in addition to plans by the Government of China to become a world leader in semiconductor
production, represent one of the largest, most concerted risks to the U.S. semiconductor industry. This
shortterm dependencadlongterm vulnerability highlights the importance of a holistic approach to
addressing increasing concentration of semiconduc
actions more fully explored in the o0Competitor Ac

Beg ond Chi n a0 sspesifie plang i mudt becnbtedrthat the bulk of worldwid®thgeart
semiconductor fabrication facilities are in territory subject to geopolitical and geological risk. The fact that
many fabrication facilities are inf@hind Taiwan and are owned by entities in these two economies puts the
world semiconductor community at great risk from geopolitical actions. Even a minor conflict or embargo
could have immediate major disruptions to the United States atedrfoimgplcations for U.S. supply

chain resilience.

Electronics Production Network Effects: Ongoing Erosion of U.S. Microelectronics Ecosystem

The production of electronics in general, and semiconductors in particular, benefitdhech so

omanufact uri nRgegdlowmsatlercsl.ustering of similar compan
agglomeration benefits via shared infrastructure and suppliers, building a large talent pool for their workforce,
and facilitating shared innovati&hln establishing itsedk the primary immediate customer for

semiconductors, China has established a market position that, if unchecked, will allow it increasing power

over the global semiconductor industry.

With many of their largest customers already in China, semicoratuptories have an incentive to

establish a nearby presence, which in turn serves to increase the attractiveness of setting up a-semiconductor
related business there. A 2017 Department of Commerce survey of the U.S. semiconductor industry found
that of thecompanies with suppliers or customers in China, 42 percent also outsourced some design or
manufacturing to China, compared to 18 percent of those with no suppliers or customers in China.

One instructive example is the printed circuit board industrghlghitéd in the 2018 DoD repérssessing
and Strengthening the Manufacturing and Defense Industrial BadeesilicSoigibly Chidél States

The case of printed circuit boards likewise highlights the growing risks to the indusfrie base.
printed circuit board stdector provides the substrate and interconnects for the various integrated
circuits and components that make up an electronic system. Today, 90% of worldwide printed
circuit board production is in Asia, over half of whicaraog in China; and the U.S. printed circuit
board suksector is aging, constricting, and failing to maintain the state of the art for rigid and rigid
flex printed circuit board production capability.

Indeed, one major printed circuit board producertezptmthe Department of Commerice2016 that it
could build a new production bare printed circuit board site in China or the United States for approximately

BIRyan Donahue, Joseph Parilla, and Brad McDear man, fRe
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the same cost, but that the presence of the upstream and downstream supply chain in Chioeemade it
logical and profitable to establish the new facility in Ghitize same way that it has now become a better
business choice to manufacture circuit boards in China even given the same cost basis, the risk to the U.S.
semiconductor industry willrdmue to rise as China accounts for an increasing sharsemhitenductor
ecosystem

Human Capital Challenges

The United States has an immediate need for highly skilled workers in the semiconductor industry. A 2017
industry survey by Deloitte @8BMI found that 77 percent of surveyed semiconductor executives thought

the industry was facing a critical talent shortage, with another 14 percent expecting a severe ta$nt shortage.
A 2017 Department of Commerce survey similarly found that 71 percefitac i | i ti es i dentif
gualified workerso6 as one of their top three expe
half of respondents listing it as their single most pressing workforce issue.

With such intense competition for gkillabor, the U.S. semiconductor industry is highly dependent on
immigration, with an estimated 40 percent ofskiled workers born abro#él.Intel and Micron both
reported in 2020 that restrictions to immigration were a challenge in hiring angl ted&ainiand
accordingly a risk to their busine&%es.

Universities in the United States are a primary attraction for and source of talent for the semiconductor
industry. International students in 2020 accounted for approximately 60 percent ofténrollmen
semiconducterelated graduate progratAs China increasingly seeks out foreign talent, retaining these
students in the United States serves to both bolster the domestic semiconductor industry and prevents
competitors from acquiring the talent seagy to surpass the United States.

The Semiconductor Research Corporation (SRC) and the industry association SEMI reported in their public
comments on the semiconductor supply chain Executive Order Notice of Inquiry their outreach, education
and trainingprograms specific to the semiconductor supply chain and recomme¥éations.

IP Theft

In addition to seeking to acquire skilled semiconductor workers, there are indications that, as the Information
Technology and | nnovat i omofignseraconductar teehnologye s, o0t he
through I P theft has b el Multipleimgse germidohdactor confipaneh i ne s e
have been accused of and charged with stealing trade secrets, includiowbgdstaagan Jinhua

Integrated C¢uit, Coté8 lllicit pursuit of IP is not limited to China: from 2012 to 2016, an average of just

over 100 lawsuits per year involving semiconductor patents were brought before U.S. District Courts, with a
similar number of semiconduetefated petitionsrought before the Patent Trial and Appeal Board in 2016

via theinter partesview procedure (launched in 28@2yhe semiconductor industry relies on protection of

and reasonable access to IP. Semiconductor design and the associated EDA totl grappsisations

Wil l Hunt and Remco Zwetsloot, fAiThe Ch+iEmmakers: U.S.
SemiconductorW r kf or ce o
Wi ll Hunt and Remco Zwetsloot, @AThe ChiEmdmakers: U. S.

Semi conductor Workforcebo
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of I'P, and the United Statesd ability to continue
IP.

Related areas of concern are forced technology transfer and IP leakage that results from outsourcing of
semiconductorrpduction processes. Within Chinese government plans to promote their semiconductor
industry are policies that encourage or require the transfer of IP tbaShkihdusinesses, including through
joint-venture requirements with Chinese businesses. édaaetigity by U.S. semiconductor busingsses

well as the Taiwaand South Korehased companies U.S. semiconductor design companies depend on for
productiori in China may result in an acceleration of transfer of IP frofindde®l. companies to China

ba®d companies.

Aggressive pursuit and defense of IP is reflective of the overall level of competitiveness in the semiconductor
industry and importance of maintaining competitive edges. The semiconductor industry is second only to
biopharmaceuticalsaste r | d 6 s -intensive indRErY the ability to reap the benefits of R&D

spending to enables continued future innovEfidme same dynamic exists with capital expenditures, as

the costs of building cutt i rcandleaw lgokls thagthe sostiofs r api d |
constructing a semiconductor fabrication facility doubles every four years. For companies aiming to produce
at the cutting edge, failure to capitalize on current technology can result in an inability to invest in future
technology.

Challenges in Capturing the Benefits of Innovation, Aligning Private and Public Interests

Under optimal conditions, private compdhiearticularly ones that do not receive massivesatatieligh

optimizing their individual business conditioridesifl to efficient markets and sustainable growth.

However, the massive R&D and capital expenditures required to manufacture semiconductors and the speed
at which the leading edge advances mean that private incentives and the public interesta@amesasily b
misaligned. Muibillion dollar investments take a minimum of several years to show any return, and rising
investment needs decrease the appetite for investment by the private sector, particularly in the face of
uncertain demand.

Even with the robst private spending on R&D in semiconductor industry, expenditures are targeted at the
0D6 side: applied research and product devel opmen
scaling’t Many individual firms do not have the-t@krance necessary to undertake thetidong high

rateof-failure basic research projects that will be necessary to advance radically new chip designs and
manufacturing processes to support emerging commetingds’2 Even in the event of a successful

outcome, it iglifficult for a single firm to capture all of the economic benefits associated with a breakthrough

in fundamental science, making them even less interesté® to try.

In light of the benefits of dtering and network effects discussed above, an individual decision to cease
investing or begin offshoring can have negative effects on the rest of the industry. The decision of

Gl obal Foundries in 2018, f or i n otthasedomtechnical isseess e wo
that the company faced, but on a careful consideration of the business opportunities the company had with
its 7 LP platfor m d7Thendedisibn tastop Workmra7mm preduction maybave ns . 6
been the mostrpfitable business decision for GlobalFoundries, but left the United States without any

cutting edge foundries for the near term.

St ephen Ezell, fAMooreb6s Law Under Attack: The | mpact
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This lack of domestic capacity may soon be mitigated by proposed investments in the United States for new
fabrication facilies in the United States (discussed below). In the same way that the decision of
GlobalFoundries to cease work on 7 nm production limited the options of domestic design companies,
unilateral investments by Intel, TSMC, or Samsung in a domestic fouhave garsitive ripple effects

throughout the semiconductor supply chain.

The broader external impacts of such individual decisions are amplified in the semiconductor manufacturing
industry, which is highly consolidated and features significant government intervention, particularly in China.
While U.S. companies must typiaaltypback on hiring, capital expenditures, and R&D when faced with
uncertain future demand, companies in China, both with and without direct government ownership, are able
to continue to invest based on the knowledge that the Government of China wifichgigrbillions of

dollars to the industry.

GLOBAL FOOTPRINT
CHINA

China is implementing a comprehensive strategy to build an indigenous semiconductor sector. The billions

of dollars in statdirected subsidies and other financial support givemtstio entities comprise the key
pillar of Chinads overall i ndustrial policy appro
control or ownership its entire semiconductor supply chain.

Chinads novedprimadlpisthddyr mtofat@eagwer n me ndtaggespivelyt y 01 n v ¢
exploits gray areas in international trade rules in World Trade Organization (WTO) #isciplines.

Government and industry stakeholders across the global semiconductor supply chain are deefddy concerned
Chinadslimaoketi ng behavior. The following is a ca
subsidies program, where China is spending its money, and the current and potential impacts of the subsidies.

The government of China declared itsrdao build a globally superior,-safficient domestic

semiconductor industry with its June 2014 publication@tbelines Chi nads i ndustri al p
semiconductor sector is funded at a magnitude significantly larger than in prevideselegiment
campaigns. 0China routinely cranks out "economic

meaning that what matters with this policy is not the plan itself, but the amount of money being doled out.

In conjunction with releasetbk GuidelingShina established the National Integrated Circuit (IC) Fund,
incorporated as a majority governamawmted investment company. Launched in 2014, the first phase of the
Nati onal I C Fund had as its mandtheShinaDeecloprieder s Chi
Bank, which held almost 60 percent of the shares combined, while central and local level government state
owned enterprises (SOEs) held the vast majority o
Enterprise and Creditformation Publicity Systethe registered capital for the first phase of the

National IC Fund was $21 billion. Announced in October 2019, the second phase of the National IC Fund
included $29 billion and will likely increase.

Chinads ovmoterei sagesigved to funnel massive sta
semiconductor industry. By characterizing the National IC Fund as a privatdrinearkevestment fund

SWTO Subsidies and Countervailing Measures (SCM) Agreement requires all members to notify all government
subsidies to the SCM Committee which are then subject to extensive review to deteteriradia, whether said
subsidy is prohibitive and caused injur fiAgr eement on Subsidies and Counteryv

Agreemento) o, (World Trade Organization, n.d.).
"SAEnsur i-hgr mowgS. Leadership in Semiconductorso, (Presi
Technology, January 2017).

7 James Andree e wi s, AChinadés Pursuit of Semiconductor I ndepe
Studies, February 27 2019).
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Market Supervision and Administratipn.d.).
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free from government intervention, China is avoiding the transpareireyneats of the WTO subsidy

regime and is likely seeking to avoid future WTO dispute settlement. With clear guidance and support from
Chinads central government, this oOventure capital
municipalities The Chinese government has consistently maintained that the investment fund is run on a
commercial basis without government interference. However, the reality is that these fund managers, in all

likelihood, serve as proxies to carry out the goveronient Chi nads policy to strengt
i nnovation, replace imports an-divilsusionpbjectivée®2Chi nads i
Now that China is eight years into its pdan, it
capital 6 model to facilitate a massive subsidy ca
avoid any WTO oversight. I ndeed, the OECD recent
proliferation of government funds inwegtin semiconductor firms, which may allow governments to
continue /[/supporting their domestic industry whil
to Chinatgo

Central government funding also signals where municipal and provéhaifidels should invest, thus

amplifying the effect of centtalel subsidiést The value of subsidies provided by-oentral government
entities to Chinads semiconductor i-pOdouimdfrangdz has be
Combined, Chinese government support to its domestic industry during this time frame could be as high as
$200 billion, though lack of transparency makes determining the true scale of Chinese government financial
support difficult.

In addition to subsidies, i@hse policies have lowered income tax rates for semiconductor companies that

use specific technology nodes and there are specific concessionsaddeditax. Several potential

domestic champions, including Tsinghua Unigroup (Beijing) and SMICqiHaaghreceived loans at

belowb enchmar k rates from Chinads policy banks (e. g.
ownedbank¥3Semi conductor sector deyv efundgd mdustrial polisies,one of
highlighting the seriisness with which China is challenging established global players.

Semiconductor Subsidy Support Vectors
Chinads support for its domestic semiconductor in

In the early stages of implementation, China focusssraconductor industry mergers and acquisitions. In
2015, China began by funding the consolidation of myriad of domestic companies into larger ones, giving

potential onational championsdé the scal eempleo compe
was the acquisition of RDA Microelectronics (China) and Spreadtrum (China) by Tsinghua Unigroup. These
acquisitions put Tsinghua Unigroup in |l ead positi

In the Guidelingshina acknowledged thataiuld not develop its semiconductor industry without foreign
assistance and technological expertise and therefore emphasized the importance of international engagement.

For example, th@uidelingsr ovi ded t he objecti ve toddedefopnrenther i mpr
environment, vigorously attract foreign capital, technology and talent; encourage international IC companies
to establish R&D, manufacturing and operations 1in

government went on a bogispree for foreign semiconductor companies. Globally China went from zero
semiconductor company acquisitions prior to 2014 to over 25 potential and completed deals in 2015. This

Di eter Ernst, AChina's BZbSumBtGameg®r FCat Sleynstc oRaduc € o
(EastWest Center, September 2016).

BWOECD, fAMeasuring distortions in international markets
BIOECD, AM@asumirmgons in international markets: The sem

182 According to SIA estimates of publicly available information. Poor transparency makes the true scale of

financial support challenging to predict

BOECD, fAMeasuringrmdatitomdli omar ket sntThe semiconductor
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does not include the more than a dozen unrecorded and informal apphaatbas place during this
period:s4

Talent recruitment is another focus in Chinads se
China aims to recruit top science and engineering experts from abroad to support Made in‘€&hina 2025.

This has been evident in the semiconductor sector as China has poached semiconductor engineers from
across the world, with a particular focus on South Korea and Taiwan. China is targeting two groups of
engineers: senior industry veterans in their d@danvho have-tkepth knowledge of current

manufacturing processes and very young talent just out of university. For example, in South Korea there are
reports of successful wuse of odinbddstlyiBedansramferedlivet i ng t
times their salary for three years of work if they accept employment 166 CHiivea has also reportedly

lured away 3,000 Taiwanese chip engineers over the past several years by offering two to three times their
current salag? Payingabeymar ket rates for industry talent is a
behavior supported by state subsidies.

A large proportion of Chinese subsidies in the semiconductor sector are going towards construction of
Chinese fabs. Modern fabs are expetsibuild and equip ($$20 billion) and extremely complex to

operate. Consequently, since 2014, the Chinese government has played a centfadaotgrig ao

domestic semiconductor fab building boom through complex ownership structures thabaaalad

centr al government funds as well as certain SOEs.
industrial policy to achieve its goal ofrediince in the semiconductor sector. In 2018, China alone

accounted for more than haffworldwide construction spending on fabs, reaching $6.2:#lliw2019,

total announced Chinese investments in fabs exceeded $215 billion. Industry estimates that government
financed fabs in China could number 70 or more by 2023 compared withtnaudbkzen nows?® The

Chinese government is also ensuring that the pace
uni mpeded. Signaling the Governmentods resolve, t
capital to projects dugrthe COVID19 outbreak in China, including the YMTCGNBEND flash memory

fab in Wuhango

There is an expanding global demand for memory chips and China hopes to use lessons from developing this
technology as a stepping stone to produce more sophistiodtedsy as Japan and South Korea did in the

1980s and 1998%.China understands that emerging applications and technologies will require unparalleled
memory capabilities. Its strong push into memory is a strategic move to achieve its ultimabeigoal of cy

sovereignty and establishingfinsi ver advantage in O0Onew generation i
Chinads memory projects are the most mature of al
subsidiary of Tsinghua Unigroup, is emergingasftta 6 s nati onal champi on memor
t hough YMNAND&emoB Rechnology is untested and significantly less advanced than global

| eader s, it still represents a watershed moment i
®¥Thilo Hanemann and Daniel H. Rosen, fiChinese | nvest me
Agendao, (Rhodium Group, December 9 2016) .

BWKathrin Hille, AUS f e&res satttoe gptash Ky pChiad eesng oc hi(gmar an
2018).

B|] ouin et al. A2016 Top Markets Report Semiconductors

Commerce, International Trade Administration, July 2016).
B’Keoni EveringtonQO0GChhinmg e@maicheesr S, but Taiwan winnin
December 3 2019).

Jjames Andrew Lewis, AChinabés Pursuit of Semiconductor
BOECD, fiMeasuring distortions in international markets
Ahmade al . fASemicon China 20170, (Credit Suisee, March
¥ljames Andrew Lewi s, AChinabés Pursuit of Semiconductor



was only founded in July 20MMTC has received an estimated $24 billion in subsidies from Chinese
government sources, which was essential to the firm's rapid devélpment.

China National IC Fund Phase Il

Undeterred by foreimemtcdmpetmpt ar subtaanpelfects dfvtse rhre  ma r
subsidigg3as well as U.S. export restrictions of advanced semiconductor technology and machinery that may
assist Chinese companies, China is accelerating its industrial policy. As bBlmstrafdtdra is signaling its
commitment to the development of its semiconductor industry and confidence that these policy tools are
working despitat least six multillion dollar semiconductor projects in China utilizing state funds failing

over the pagwo years®on-goi ng overinvest ment 1$andtiHactthatéven d o me st
state champion Tsinghua Unigroup is struggling to meet its debt obl§afionsunced in late 2019, the

second phase of the National IC Fund is largely the same as the original, but looks to support the
indigenization of a broader swathe of the semiconductor supply chain, including SME as discussed above.
The second phase aisoludes sharp increases in the amount of funds from local governments, especially

from the southwest provinces. Genuine prs@teor investment is almost rexistents?

Ding Wenwu, President of the National IC Fund (fobirector of Electronic Infomation Division in the
Chinads Ministry of | nd,amobunced ttatwhilelthe first phasa was foaused e ¢ h

oal most exclusively on manufacturing projects, ph
design indusyt IC equipment and materials, and will also focaghsidizing the adoption of domestic ICs by
Chinese electronics coitpahies hi ghl i ght ed Chinads design weakness

GPUs, FPGAs, and microelectromechanical systdiidIM Through mastery of these types of chips,
China aims to dominate emerging industries, including autonomous vehicles, smart grid, 10T, 5G and Al,
which could address its strategic technology gap with the United States.

SOUTH KOREA

South Korea playsnaajor role in the global semiconductor supply chain. In 2019, Southasata

companies accounted for nearly 20 percent of global sales, second only to the United States. This market
share is predominantly represented by Samsung and SK hynixadt alsmall but consistent role in the
manufacture of semiconductor manufacturing equipment.

Given the predominance of Samsung and SK hynix in the global supply chain, most South Korean
Government support, while limited, is provided to those two fiiram 20142018, the South Korean
Government provided a total of $8 billion to Samsung and less than $1 billion to SK hynix, representing less
than one percent of revenue for both companies maostly through R&D support and tax coptasssns.
recently, th South Korean Government announced two programs aimed at improving the semiconductor
workforce and artificial intelligence (Al) chips.

¥92Cheng TingFa n g, AfiChina's top maker of memory chips plans t
2021).

193 According to Taiwan News, there were approximately 45,300 companies in China supposedly dedicated to chip
production or design as of July 20, 2020. Sophia Yang,
(Taiwan News, October 5 2020).

Emi |y Feng, fAA Cautionary Tale For China's Ambitious C
Nuying Huang and Willis Ke, AChin@emeviang otmo semeé ce®mtd u
(DigiTimes, December 28 2020).

¥ JjoshHowi z, A Anal ysi-se CHhiimadar lwionmdg dTsi nghua Unigroup bed
(Reuters, January 19 2021).

¥Xinzhixun Rurouni S®®IsA @ # ", (Weixin, October 25 2019).
198 A 0, (EEFocu2018). March 19
OECD, fiMeasuring distortions in international markets
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Samsung produces a wide array of semiconductor products and its competitive advantage lies in logic,
memory, and imagersors. In 2020, Samsung was rated the second leading semiconductor company by
sales, just behind Intel, driven primarily by memory and leading ed®eSagisung is one of only two
companies that are producing volume in the leading edge 7 nm and 5 nm chips. The firm is using its
manufacturing and technology edge to push its manufacturing capacity, thus further cementing is growing
leadership over othdvals. In 2020, Samsung was ranked number one in total global 300 mm capacity at 21
perceng®l Samsung continues to make significant investments to increase its production capacity and is
forecasted to spend an additional $30 billion irP2021.

SouthKor eads domi nant mar ket share is also driven by
In 2019, Samsung was the global market share leader in DRAM (46 percent) and NAND flash {85 percent).

SK hynix is also a dominant player in the memory maitk&9 percent of the DRAM and 10 percent of

the NAND Flash market during the same timeframe. In 2019, strong memory sales and rising prices helped
Samsung and SK hynix take the number two and four spots, respectively, for top global semiconductor firms
by revenue#

The Government of Korea provides several types of incentives to support its domestic semiconductor
manufacturing base. Not only does the Korean Government provide subsidies to lower the cost of
infrastructure development and utilitiesjttalso supports semiconductor companies by identifying and
providing favorable locations for new fabs. In addition, the government has enacted simplified or expedited
procedures and has eased regulations to lower administrative burdens on the Sosgmicanedu ctor

industry. According to one source, incentives and subsidies provided by the Government of Korea
effectively lower the total cost of ownership of a semiconductor fab by approxir3atelyr2entos

EUROPEAN UNION (EU)

In December 2020, U me mber st ates signed a joint decl arat
processor and semiconductor ecosystem and to expa
decl aration states its ai ms hasanddc rienavteisntgmesnytn erngitei
building and expanding upon existing microelectronics projects. The Declaration notes a requirement of
investments from the EU budget, national budgets, and the private sector. Microelectronics was identified as
a key ara for investment under the EU Recovery and Resilience Facility. In its March 2021 release of a new
oDigital Compass, 6 the EU Commi ssion has called f
producti on b yedge and sustainalfie semdcont t o mgoé by 2030. The ani
new Digital Compass promised investments from the EU budget to support its goals, including support from
the Recovery and Resilience Facility. The EU Commission has set aside $173 billion to support member
state di gi t al i nf r as02Ubudget.r Adso qf mote js eéhe indsatademic consertia2 0 2 1
IMEC 208with two statef-the art cleanrooms and one 200 mm, advanced packaging equipment and 4,000
employees. Industry supplies 80 percent afiticénfy, and 20 percent by the local government. There are

also regional efforts such as Silicon Sa%ony.

Wil ntel to Keep Its Number One Semiconductor Supplier

201 TSMC Ra nHGForiCapacltyirpThree Wafer 8iz Cat egori esd, (1 C I nsights, F
22Kotaro Hosokawa, fASamsung to pour $30bn into booming

23Cheng TingFang and Lauly Li, AChina memory chip olad put zoo
November 20 2019).

204KimEunJ i n, @ Sams

ung El ectronics Tops Gl obal NAND FIl ash
Kor ea, March 5 2021); Yonhap, ASamsung's presence in DI

Herald, May 12 2021).

®Note: different sources report varying levels of supp
I ncentives and US Competitiveness in Semiconductor Man:
2% About | meco, (I MEC, n.d.).

27Silicon Saxony, i Abconguropesnd)i con Saxonyo, (Si
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JAPAN

In response tothe COVHD 9 gl obal pandemic, under a program ap|]
Ministry of Economy, Trade, and Industitgcated $2.8 billion to support Japanese companies moving
manufacturing capacities with an overreliance on one country (e.g., China) back to Japan or to Southeast
Asian countrie®8 Subsidies initially targeted the costs of shifting production forlmpemstic&ts in short

supply, and subsequent rounds target critical technology and gre®#h paddition, recent press reports

indicate that additional support for semiconductor manufacturers will be included in an economic growth
strategy developed twe Government of Japéi.

TAIWAN

In Taiwan, current incentives for semiconductor companies included 50 percent for land costs, 45 percent for
construction and facilities and 25 percent for semiconductor manufacturing egdifciente parks

sponsored bthe Taiwan authorities provide semiconductor companies with access to land, electricity, and
water and lower operating costs by enabling several members of the semiconductor supply chain to operate
within the same facility. In total, according to oneesgaihese incentives and subsidies effectively lower the

total cost of ownership of a semiconductor fab by approximagflyp2scerti2 Other amenities at

industrial parks include land for lease only, transportation infrastructure, no commernieé®tdxes for

machines used for production, raw materials, fuel, efirsish®ed products, grants for industcademic

cooperation programs, reduction in R&D taxes, andstamehop for services including talent cultivation,

R&D grants application drtustoms servicés.

In additionjn June 2020, Taiwan announced a $1.3 billion annual fund to attract foreign companies to
establish semiconductor R&D projects in Taiwan, subsidizing up to half of all R&D costs incurred by global
chip companies thatitdia presence on the islaHdt also announced that the government would invest

$335 million to incentivize foreign companies to establish semiconductor R&D facilities in Taiwan. The
program aims to subsidize half of all R&D costs incurred by gipbadmipanies that build on the isl&ad.

In addition, Taiwan authorities announced soalk programs focused on Al applicatiéns.

To combat Chinabdés efforts on attracting semicondu
Chinese firm from conducting business activitiexluding recruitmeitwithout prior approval from the

Taiwanese authoriti®ds.In March 2021, Taiwanese prosecutors relied on this law to investigate accusations
that Beijingbased Bitmain had established front corapamiTaiwan to poach semiconductor desigfers.

SINGAPORE

In Singapore, the total cost of ownership of an advanced memory fab is approximately 21 percent lower than
it would be in the United States, with 63 percent of this gap attributed to government incentives provided to

2Yuko Takeo, Emi Urabe, fAJapan Allocates $2.4 Billion
2020).

®fSuccessful Applicants Selected for the Program for P
Chai ns o, nfofdapare Mimsimeof Economy, Trade, and Industry, November 20 2020).

2PRi eko Mi ki, Takashi Tsuji, and Kosuke Takeuchi, fJapa
and Chinao, (Nikkei I nc, May 19, 2021).

2lVvaras et al. TfGeseanthebB Compatitiveness in Semicondu
224aras et al. fWGovernment I ncentives and US Competitiyv
2BARAWhy Hsinchu Science Parko, (Hsinchu SciencerPark Bur
30, 2020).

2“Debby Wu and Cindy Wang, #f@ATaiwan Draws Up Plan to Woo
(Bloomberg, July 4 2020).

’Debby Wu, #ATaiwan Dangles $335 Million to Woo Foreign
26Tai wan Today| sAimMD8m @ioveiAl research centerso, (Minist
(Taiwan), July 7 2017).

27Debby Wu, fTaiwan Probe Spurs Fears of China Poaching
28Kat hrin Hille, fATai wag atsusep Bhi maengohepoaohi (Fina
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semiconductor companies. These in@mninclude significant subsidies that lower land procurement and
development costs. In addition, the government supports special economic zones and science parks,
enabling other members of the semiconductor supply chain to operate within the saasetfecthii that

they support. In total, according to one source, these incentives and subsidies effectively lower the total cost
of ownership of a semiconductor fab by approximat&@ gércerito

ISRAEL

While Israel currently lacks significant semliczior manufacturing capacity, the Government of Israel
provides strong incentives and subsidies to encourage the development of its sermicandiacturing

base. These incentives include subsidies on land development, facility constructiomemtd equip
procurement. In total, according to one source, government incentives effectively lower the total cost of
ownership of a semiconductor fab by approximately 30 pg&tcent.

OPPORTUNITIES & CHALLENGES
Opportunity: Foster Investment in Domestic Semicondudr Manufacturing

As noted earlier, the U.S. share of semiconductor production and manufacturing capacity has fallen from 37
percent 20 years ago and stands at about 12 percent (by total capacity wafers per month) of global
production. U.S. companies)uding major fabless semiconductor companies, depend on foreign sources

for semiconductors, especially in Asia, creating an obvious supply chain risk. Also, of concern is the fact that
the U.S. semiconductor industry does not currently build high vattingeerlge integrated circuits in the

United States but relies on Taiwan to manufacture these headirsgmiconductors. These cuttidge

chips are the foundation of paradgmfting technologies, such as Al and 5G, which have been identified by
DoD as national security priorities. The United States also relies on foreign sources for materials.

To address these concerns, the U.S. Government has an opportunity to promote investment in domestic
semiconductor manufacturing facilities as well asaoaminfg of key inputs for semiconductors. There is
promising evidence that this is already happening: TSMC, Samsung, Intel, and GlobalFoundries have all
announced proposals for investments in semiconductor manufacturing operations in the United States.

1 TSMC announced plans last year to build an advanced chip foundry in the Phoenix, Arizona area, a $12
billion investment with completion scheduled in 202Z¢he plant will produce 5 nm chips with a
capacity of 20,000 wafers per month and will employ 6?2

I Samsung is considering a $17 billion investment to expand its production capacity in the United States,
which would create 3,000 additionakdbad is expected to commence operations irt2023.
Technical details on the plant expansion areagrmte report indicates that the facility would be
capable of producing at the 3 nm node. The company is seekjyaegap2Operty tax reimbursement to
locate in Austin, Texas and has stated it is also considering locations in the United Statasd(Arizona
New York) and in South Korea.

2%Kathrin Hille, ATaiwan accuses Bitmain of poaching it
20aras et al. fAGovernment Incentives and US Competitiwv
215 Chi p ma k e r ngBxpanision ef planned Arizonaplistour ces o, (Reuters, May 4 2
22?2FTSMC Announces Intention to Build and Operate an Adv

(TSMC, May 15 2020).
222Tribune News Service, 0Sakms utnog bsweielkds mbelw bd 17 iboinl liinon ac
(The Dallas Morning News, February 5 2021).
2’Sohee Kim and | an King, ASamsung Considers $10 Billio
January 22 2021).
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1 Intel announced in March 2021 that it will invest $20 billion to expand its manufacturing capacity
through construction of two new fabs at its Chandler, Arizona campus. The fabs will not only serve
I n t requi@rments but will also provide foundry capacity for fabless customers. The investment is
expected to create 3,000 permanent, high wage jobs.

1 GlobalFoundries is seeking federal and state support in the form of subsidies or incentives to build a fab
adjacent to its existing fab (Fab 8) in Malta, New York. Fab 8 recently implemented export control
security measures to allow for the manufacturi nc
in Arms Regulations or the Export AdministratioruRRégns:26

Not only would increasing domestic semiconductor production capacity help address supply chain
vulnerabilities in all segments of the semiconductor supply chain, it could also be the source of high quality,
high paying jobs. SIA has estim#tatieach direct job in the semiconductor industry generates four to five
indirect jobs. In addition, expanding production in the United States would help ensure that to maintain a
domestic core of trained workforce. Absence of production at the etddggtngan lead to a lack of

experience among American engineers working at the cutting edge, risking the U.S. lead in design expertise.

A semiconductor production facility could also support jobs in upstream and downstreansselctass

electronic matials and packaging and testing. Electronic materials manufacturers already have production
facilities in the United States; increased semiconductor production will encourage additional capacity and jobs
in these and other critical steps in the supplg.cBeveral responses to the NOI were from current suppliers

to semiconductor fabrication facilities outside the United States, and indicated that they would be interested
in establishing U.S. locations to support new domestic fabrication #&cilities.

In addition, as noted above, the United States also lacks back end chip processing TBparitis

phase of the semiconductor production process is less technologically demanding than fabricating the chip,
and the barriers to entering this sector are.ldivis nonetheless a vital step in the chip manufacturing

process and an area in which China has both capability and market share and thus ability to willfully or
accidently interrupt supply chains. Government policies to incentivize advancedgimp packtesting

in the United States could also enhance supply chain resilience. These incentives could be targeted at
marginalized or economically depressed communities, which are not reaping the benefits of newly announced
planned investments in clpiduction. Most production is in the Austin, Texas and Phoenix, Arizona

areaB already technologically prosperous regions.

The Small Business Administration (SBA); several Department of Commerce bureaus, including the
Economic Development Administratidfinority Business Development Agency, and NIST Manufacturing
Extension Partnership program; and the Expgobrt Bank of the United States (EXIM) all have
programs, expertise, and resources that could be utilized to achieve the goal of expanding domestic
production of semiconductors.

Challengie

The biggest challenge to increasing domestic semiconductor production is cost, both absolute and relative to
ot her countries as discussed in the OFabricationo
ActionsoO6 sections. A | arge volume 300 mm fab any

billions for a leading edge fab. The most critical factors for determining the best location to manufacture
semiconductors include synergies antexisting semiconductor ecosystem/footprint, access to skilled
talent, protection for intellectual property, labor costs, and government incentives. While the United States

2l ntel Annouhoegs$menBi Forodwo New Arizona Fabso, (1In
226 Gl obal Foundries to | mplement | TAR and Strict Securi:t
Manufacturing Facilityo, (Global Foundries, May 20 2020
227Bureau of Industrymd Security, ©f86 FR 14308 Semiconductor Manaf
Chain NOI published-35-21_commentsdue82 1060, ( Regul ations.gov, March 15 20

67



fares well on the first three factors, the costs of labor are higher ahdvibdreen significantly fewer

government incentives. As a result, thged®cost of a new fab in the United States may be 30fp&&ent

billion on averagehigher than building the same fab in Taiwan, South Korea or Singapore, and up to 50
percent highrehan in China. Much of the cost differential (estimaté@ gércent) is specifically due to
government incentives.

Given the fact that global demand for semiconductors is forecast to grow, resulting in a need for an increase
in semiconductor manufardng capacity of more than 50 percent between 2020 and 2030, there is an
opportunity for the U.S. to regain a higher share of fab capacity.

Opportunity: Maintain and Advance U.S. Leadership in Semiconductor Technologies through R&D

The United States $ited the world in semiconductor innovation, driving transformative advances in nearly
every modern technology from computers to mobile phones to the Internet itself. While the U.S.
semiconductor design ecosystem is robust and world leading, thiscfebmeupply chain faces a number

of challenges as discussed above. Specifically, the U.S. design ecosystem is robust and world leading, but
depends on limited sources of IP, labor, and manufacturing that are essential to bring products to market as
wellas continued ability to make significant R&D investments. This section focusesrelate&D

opportunities.

The U.S. Government can and must play a vital role in sustaining U.S. leadership in semiconductor
technology through supporting R&D and aslklegeas in which there are shortcomings. Federal
investments in semiconduetetated research has the potential to add significantly to U.S. gross domestic
product and create thousands of ujghlity jobs.

Federal scientific and research agencieslimcDARPA, the National Labs and NIST, can take the lead on
building publigrivate partnerships and consortia to advance semiconductor innovations across the spectrum
of scientific fields materials, designs, architecture, and manufacturing techiiadgpt.failures in private

funding for basic science research have meant that disruptive technology breakthroughs are more commonly
associated with government research programs and federally funded acadei®fidrsadtiémon,

according to industryublic/private partnerships connect industry, academia and government and keep
industry members updated with novel ideas and discoveries, and new materials, from around the world.
However, they are not as successful in translating these technologiedustiia¢production phase.

The importance of maintaining U.S. semiconductor leadership and the potential for U.S. government labs to
leverage their technological expertise in this regard has been increasingly recognized in bipartisan legislation,
suchas the CHIPS Act. A broad, wadbrdinated, wellinded federal initiative can build upon this growing
consensus.

The United States could further explore semiconehetated R&D opportunities with key partners, such as
Taiwan, Europe, Japan, and S#latea, with which the United States has existing Science and Technology
agreements. Pooling resources of multiple nations could help boost R&D investments and diversify the risk
of investments across multiple countries. An example of a successhtiomaltiR&D effort was EUV

technology and equipment, which involved U.S., Japanese, and European participation over the course of
three decades.

Challenges

Funding is a major challenge to developing next generation semiconductor tecl8sstogasiuctor

design and production are already highly sophisticated and take place at the subatomic level. Technology
advancements are pushing against the barriers of physics, and breakthroughs to move beyond current limits
will involve massive costsor fhis reason, it is vital that there be a broad partnership of government,

industry and academia to work together to adhiese goals, as it is increasingly difficult for companies to

28/aras et al. fWGovernment I ncentives andgblS Competitiyv
2°Matt Hourihan and David Parkes, fAFederal R&D Budget T
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do so alone. U.S. investments in semiconehetabed researchlwieed to be increased significantly over
current levels. Research is critical to advancing semiconductor design, and federal investment in
semiconductor research accounts for only a small fraction of total R&D. In contrast, other goéernments
including Chinad are increasing their research investments.

Another challenge will be to ensure coordination among the various federal players (and private sector
participants) to minimize duplication of effort and maximize potential return on investments.

Opportunity: Create Pathways to Support Domestic Semiconductor Jobs along the Supply Chain

The semiconductor industry provides employment opportunities at all levels, from scientists and engineers to
manufacturing workers. Expansion of domestic semitongraduction and maintaining its technological

edge will require a robust domestic workforce. There are opportunities, in both direct and indirect jobs, for
workers with an Associateds degree ordtrdineg s . Some
through apprenticeships, and career and technical education programs.

The | ionds share of direct jobs, particularly in
degrees and pay upwards of $170,000 ariefually.

Relative Percent of Education Levels of Largest Detailed STEM Occupations in
Semiconductor and Other Electronic Component Manufacturing (NAICS 3344)

0 10 20 30 40 50 60 70 80 90 100

Electronics Engineers, Except Comput e [ |
Industrial Engineering Technician SE [ |
Electrical and Electronics Engineering Techniciansmms
Industrial Engineers i

Mechanical Engineersimm

Computer Hardware Engineersmm

Electrical Engineers s

Software Developers, Applicationgs S m
Software Developers, Systems Softwalie S m
Architectural and Engineering Manageiss |

m Less than high school diploma m High school diploma or equivalent ® Some college, no degree
Associate's degree m Bachelor's degree m Master's degree
m Doctoral or professional degree

Source: 201&nd 2016 American Community Survey Public Use Microdata, U.S. Department of
Commerce!

Manufacturing jobs include electrical technicians, assemblers, testers, mechanidinesdgearuisors.
These jobs may be waliited to registereapprenticespiand community college programs. Semiconductor
companies, working with community colleges, can develop protiluetsmecific training programs that

will benefit industry, local communities, and individuals. A share of the training programs, émploymen
opportunities, and semiconductor production jobs should be available to traditionally underrepresented
populations and in economically depressed or deindustrialized regions of the country.

To better prepare students for postsecondary programs, comgraiss collaborate with career and
technical education (CTE) programs at the state and local levels to develop technical preparation programs.

2 Chi pping in to support stronger U.S. job growth. o, (
2312015 and 2016 American Community Survey Public Use Microdata,Dé@artment of Commerce, U.S. Census
Bureau, Table 1.11 Educational attainment for workers 25 years and older by detailed STEM occupation, 2015
2016, Data collected fdargest populated STEM occupations in NAICS 3344.
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Most CTE programs are available to all high school students in a school or district and develop the academic,
technical, and employability skills to prepare students to succeed in the workforce and postsecondary
education.

Construction of new fabs creates jobs for skilled construction labor. If the CHIPS Act were fully funded, fab
expansion, upgrades and corsisn is expected to create more than 22,000 jobs. Further, the investment is
projected to create tens of thousands of indirectjobs.

Overall, industry analysis suggests 1 in 5 jobs in the industry do not require a coltégjdaveevee. as
fab toolsand processing become increasingly advanced, manufacturing jobs increasingly require lengthy

education and training investments. Leading edge
degree or higher. Proprietary data suggest 75 to 9@ petiverworkforce in leading edge fabs holds a
Bachel ords degree or higher, with 50 to 60 percen

The U.S. holds advantages in the-gkgled workforce. Universities are already strong in technical fields,
includng microelectronics, and the U.S. National Labs are world class. Many of these institutions rely on
foreigrborn students and workers.

Challenges

The United States has an immediate need for highly skilled workers in the semiconductor industry and
increase investments in leading edge production will increase this need. There is a particular shortage of
electrical engineers, one of the largest categories of semiconductor workers. A 2017 industry survey by
Deloitte and SEMI found around 60 percent of medgats identified difficulty filling open Electrical
Engineering positions. Other positions identified as difficult to fill included Computer Scientists, Software
Engineering, Mechanical Engineering, Computer System Engineering, Materials Sciene¢s&‘Chemic

The U.S. has relied on forelgprn workers to fill many of these gaps. More broadly, 40 percent of high
skilled workers in the U.S. semiconductor industry are bornabidady students pursuing these degrees
within U.S. institutions are forelgprn, especially in advanced degrees. International students in 2020
accounted for approximately 60 percent of enroliment in semicomdlattm graduate prograaiss.

2Note: U.S. Department of Commerce analysis incorporat
empl oyment multipliers for the U.S. economyo, (Economi
BAChi pping in to support standucta ledustrAndrica.j ob growt h. 0 20
234Mark Lapedus, "Engineering Talent Shortage Now Top Risk Factor", (Semiconductor Engineering, February 25

2019).
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Bachelor's degrees Master's degrees Doctoral degrees

Total Percent Total Percent Total Percent
Discipline recipients foreign recipients foreign recipients foreign
Computer
and
Information
Sciences/Pro
gramming/
Computer
Systems
Analysis 56,090 8% 33.437 73% 1,752 59%

Electrical,
Electronics,
and
Communicati
ons
Engineering/
Computer
Engineering |28,645 12% 18,787 74% 2,686 48%

Mechanical
Engineering/
Mechatronics |35,780 9% 8,542 53% 1,507 56%

Physics/Engi
neering
Physics 8,508 8% 2,006 38% 1,909 45%

Chemistry/
Chemical
Engineering/
Materials
Science/
Materials
Engineering |28,903 8% 5,650 44% 4,761 42%

Total 157,926 9% 68,422 67% 12,615 48%
Source: CSET analysis of 2016—17 Integrated Postsecondary Education Data System (IPEDS).

By dramatically increasing demand for trained workers, the CHIPS Act provifikaig erilate an

immediate call from industry for more fordigm students and workers. Electrical engineers are expected

to be in high demand across a range of industries in the United States, and new engineers require substantial
academic and ghe-job training. The CHIPS Act provisions, however, also create an opportunity, if not an
impetus, for bringing semiconductor manufacturers together to solve jointly the most acute skills shortages
that they face. The current geographic concentrationiobsduttor manufacturing, principally in

Arizona, California, Oregon, and Texas, could facilitate collaboration to identify common skills needs and
pathways. Constructing new semiconductor factories is multiyear endeavor and in parallel the companies
coul establish education and training programs needed to prepare U.S. workers and address the significant
underrepresentation of African Americans, Latinos and women in semiconductor technology fields.

Workers with science, technology, engineering, an(SM&#) degrees are highly coveted in the U.S. labor
market, with the country having among the highest diversion rates of STEM graduates in the world. Even
many U.S. electrical engineering students, for example, will take jobs outside of the figld;anshtiag

or banking. Hiring foreigoorn, U.Strained electrical engineers and other STEM workers is one option to
ensure hiring challenges do not undermine an expansion supported by the CHIPS Act provisions.
Furthermore, as China increasinglisseet foreign talent, retaining these students in the United States
serves to both bolster the domestic semiconductor industry and prevents competitors from acquiring the
talent necessary to surpass the United States. Intel and Micron both rep@Q@dtian r2@trictions to
immigration were a challenge in hiring and retaining talent, and accordingly a risk to theie¥jusinesses.
Strategic hiring of foreigrorn staff must be balanced with empldyeen, publiprivate investments in
training U.S. waers.

2l ntel Cor porkd.i®nMi dirFor nlT eddh Kaldbogy I nc, AForm 10
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Opportunity: Enhance International Engagement and Cooperation on Range of Semiconductor
Related Issues

The fact that most advanced technology links in the semiconductor supply chain are concentrated among
countries that are U.S. allies and partneases an opportunity to forge a cooperative, multilateral approach

to semiconducterelated issues. These countries share many of the same concerns, including supply chain
vulnerabilities, the importance of technological leadership, and counteairiy £€hina s pi r at i ons. (
engagement with these4ikinded countries will foster harmonization of export control policies,

international research partnerships, and amelioration of supply chain vulnerabilities by establishing a diverse
supplierbase. Intenat i onal engagement on these issues is ne
U.S. industry. While industrial supply chains and investment are almost exclusively the purview of the private
sector in the United States, the same is not trusgpton, South Korea, and Taiwan who have a long history

of industrial coordination between the government and the private sector. As such, direct U.S. government
involvement in coordinating efforts to build industrial partnerships between U.S. busihsstréadd

partners in Japan, Taiwan, and South Korea is critical.

Opportunity: Encourage Private Sector Devel opment
Mitigating Semiconductor Supply Chain Risks

Increasing awareness by private sector firmshitheosemiconductor industry and in end user sectors of
the importance of a comprehensive supply chain review can help identify sole/single sources for key materials
and diversify suppliers/plants/geographies.

Many profitseeking companies base their sipgécisions with the goals of minimizing costs, reducing
inventories, and increasing utilization. This approach, however, may not allow for the flexibility to absorb
disruptions in their supply chain. Moreover, companies may not be fully awardrafrttsliy of their

supply chains to potential global shocks caused by natural or political phenomena. Given the number of
locations from which materials are sourced, geographies where manufacturing operations take place, and
transportation routes, supghain risk management can be complex.

A 0Best Practicesd6 supply chain approach could as
developing policies to monitor and manage them. Better transparency and understanding of global supply
chains can also allow for an evalwuation with rega
responsibility.

Opportunity: Domestic Production of Emerging Technologies Can Drive Demand for
Semiconductors in the United States

As noted above, U.Semiconductor companies at various segments of the supply chain, including EDA
suppliers, SME providers, and ahigkers, are highly dependent on foreign sales, particularly to China. This

is because chip production is concentrated in East Asia amés@hieading consumer of semiconductors.

According to the SIA, China accounts for approximately 24 percent of global consumption of

semiconductors and the United States accounts for approximately 25 percent, making the United States and
China the top tev global consumer of semiconductéraVhile current demand in the United States and

China is roughly equivalent, in the next five years, demand in China is forecasted to continue to increase and
to outperform the rest of the wokRd.This would increaseUS. s emi conductor manuf ac:
on sales to China, risking financial vulnerabilities in theasitblongierm as discussed above.

The DoD market for trusted microelectronics is miniscule compared to the commercial marketedsut the
forsecuriiy microelectronics goes well beyond the fraction of DoD purchases that require trusted

components. With some combination of increased market awareness and the associated risk mitigation, the
mar ket for oOtrust wor t hgederahiimesr laoeHerewortstifocriticat s coul d e

28V aras et al
2%Varas et al
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infrastructure, mass transportation, 5G networks, industrial 10T, connected vehicles, and medical devices
developed greater security requirements, market and cost structure would change substantially.

As the Uited States pursues leadership in next generation technologies and invests in key infrastructure
projects such as higheed broadband infrastructure, electric vehicles, electric grid resilience, and power
generation modernization demand for semiconduicttrare the linchpin of these technologies will

increase, and that demand can be met in part with domestic production. Cultivating domestic development,
production, and demand for these | eading edge ind
semiconductor technology and production. This will be beneficial for the DoD and national security, as
defense needs alone are small compared with commercial markets. As semiconductors become increasingly
embedded in and essential to technologies thrdugbaconomy, secure supply chains are of growing
importance to U.S. economic and national security.

Opportunity: Meeting the Climate Challenge

The semiconductor industry is essential to meeting the climate challenge facing the United States and the
world as a wholeThe electric grid of the futd@iraising 100 percent clean en@rgjll be built on

semiconductor technology. By investing in domestic semiconductor research, development and production,
the United States will be in the position to be a ligaile race to meet zeemission goals, as well as

competitive supplier of the products, equipment and technologies that will be needed to meet these goals.

Similarly, semiconductors are the key to more computaifimealbjve electric vehiclestod future. A
robust semiconductor supply chain that will accelerate the ability for the United States to manufacture clean
cars and put those cars on U.S. and global roads.

Opportunity: Leverage Pollution Prevention Programs to Increase the Sustainabyilif
Semiconductor Manufacturing

U.S. semiconductor manufacturers and their suppliers can build markets and increase resilience by increasing
their participation in efforts that seek to reduce the environmental footprint of their iftheseyare
several efforts that help to reduce or offset emissions from the industry.

Semiconductor manufacturers can improve their fluorinated greenhousgHfasd€estruction efficiency

and implement process improvements to reduce those emiEkotrenic Poduct Environmental

Assessment Tool (EPEAT), a global ecolabel that helps purchasers identify and procure more sustainable
electronics, incentivizes the use of semiconductors made in 300 mm fabs that have red@#¢@ their F
emissions on a metric ton CQ2ssis in EPEAT registered computer products. Semiconductor
manufacturing uses, and can emit, a varietbiGs. Some of theseGHGs are highly potent

greenhouse gases that, pefangbound, trap up to 23,000 times as much heat as carbon dioxide in the
atmosphere, where they can remain for thousands of years. Under the EPEAT program, computers can
receive additional points and higher levels of registration (Silver or Gold) for using semiconductors from fabs
with reduced f6HG emissions, reducing theamt of FGHGs emitted during the manufacturing process

by over 90 percent. The U.S. Government is one of the largest purchasers of information technology (IT)
products in the world, and is required to procure EPEAT registered products, sendingeanstnohg d

signal to the IT sector to incentivize manufacture and sale of more sustainable electrdPicdEsdss

around the globe have followed the U.S. federal government example and are also seeking out EPEAT
products as part of their sustainableyuoent programs he Environmental Protection Agency
conservatively estimates that reducing FGHGs released to the atmosphere during semiconductor
manufacturing could result in a reduction of around 10 million metric tons of CO2e globally and around 2
million metric tons of CO2e in the United States from the baseline

The Green Power Partnership program reduces pollution and the corresponding negative health and
environmental impacts associated with conventional electricity use. The three semiatustoctor in
companies that were identified on the Partnership
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green energy in the 2020 reporting year; two semiconductor manufacturers are using green power for 100
percent of their electricity.

Pdlution Prevention centers across the United States can be funded to expand their mission to include
research and outreach on preventing pollution at
planned update of the EPEAT criteria will gtexan opportunity to further incentivize shifts to more

sustainable manufacturing of semicondudiifsrts from allied industriés reduce carbon emissions, of

which the Ultrd.ow Carbon Solar Alliance is one, should be looked at for translatiosetmiteanductor

industry. This effort aims to reduce the embedded carbon in solar materials. Similar materials and processes
are used in semiconductor manufacturing and there may be opportunities here for environmental gains. New
sources of funding shdube considered to researetycling and reusesg#fmiconductor

industrywastestreamsor this and other industries.

As domestic semiconductetated plants are constructed or expanded to address supply chain vulnerabilities
and to ensure continued3Jleadership in this critical technology, there is also the opportunity to build them
as nexgeneration facilities, where the energy they consume is moving toward clean power from zero carbon
sources such as wind and solar (Clean Energy Standard).

RECOMM ENDATIONS

A secure and resilient semiconductor supply chain will require-afwehalary effort, bringing together
the resources and ingenuity of the private sector, the government, universities anepodiies, raomal
workers. This report makesesewmajor sets of recommendations to expand and secure the U.S.
semiconductor supply chain:

1. Promote investment, transparency and collabgriatipartnership with industtg,address the
current shortage

Fully fund the CHIPS for Ameripeovisiongo pronote longterm U.S. leadership
Strengthen the domestic semiconductor manufacturing ecosystem

Support SMEs and disadvantaged firms along the supply chain to enhance innovation
Build a talent pipeline

Work with allies and partners to build resilience

Protectthe U.S. technological advantage

Nookswh

1. Promote investment, transparency and collaboratioin partnership with industry,to address the
current semiconductor shortage:

The current semiconductor shortage is the result of multiple factors, including unexXtettagdatial
demandelated to the COVIEL9 crisi@nd events that disrupted specific major semiconductor
manufacturing centers, such as the early 2021 storms in Texas that caused a shutdown of several
semiconductor manufacturing plants. U.S. and gftoblaktion continue to adjust to address the shortage;
however, the shortage continues to negatively impact U.S. workers and consumers and is a persistent
headwind to the U.S. economic outlook. While the private sector must take the lead in addressing th
shortage in the near term, U.S. government can assist in mitigating the current shortage by facilitating
investment, transparency, and collaboration with industry and with partners and allies.

1 The Department of Commerce should redouble its partnershipith industry to facilitate
information flow between semiconductor producers and suppliers and engers: In April,
the Department of Commerce launched an initiative to convene industry stakeholders along the
supply chain to increase communicatiortrandparency. Through these meetings, industry has
recognized that government can play a useful and supportive role accelerating information flow and
identifying data gaps and investment opportunities. The Department of Commerce should bolster
thisworkpot enti ally | everaging the convening power
Commi ttee on Supply Chain Competitiveness, Dep
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and Infrastructure Security Agemsdlepriv@8e ct or Co
sector should continue to play a leading role, including through identifying ways to incentivize
informationsharing across companies in these supply chains.

The Administration should strengthen engagement with allies and partners to pnwte fair
semiconductor chip allocations, increase production, anencourageincreased investment:

To date, U.S. government agencies have undertaken broad-wtlhigiomatic outreach to
ensurdair chip allocation and to affirm that the semicomaunanufacturing capacity in ally and
partner countries is maximized. The U.S. government should continue engaging with allies and
partners to encourage increased production and a fair allocation of supplies to American firms, while
discouraging hoardiagd other activities that will likely prolong the current shortage. The
Administration should also continue its commercial diplomacy to promote investments by foreign
firms in the domestic semiconductor industry. Such efforts have recently yieldedlosucces
example resulting in the announcement of a partnership between the U.S. and South Korea to
increase the global supplyrafture nodehips for automobiles and support leaduhge

manufacturing in both countries.

Over the medium term, the Administation should advance thexdoption of effective supply

chain management and security practices by companie€ompanigs both semiconductor
manufacturers and suppliers as well as{nsemdndustry sectdrcan reduce the risk that a natural
disaster or emé can create a chokepoint that slows down or stops the entire supply chain. In
addition, as discussed in this report, due to the complex supply chains, semiconductors are at risk of
malicious insertions and counterfeiting. Specific recommendatiairede Hubse risks are as

follows:

o Companies should (1) make reasonable efforts to conduct scenario planning for disrupted
supply and diversify sources to include multiple ortskeregions; (2) consider evolving
product designs to allow more flexipilit chip use; (3) have faster upgrade cycles in
products to reduce lostagil risk of stranded products;(4) ensure backward compatibility of
form and function so that newer chips can be substituted for older ones; and (5) enter into
contracts that allow f@ptions to adjust quantities based on unexpected changes in
demand.

0 To reduce the impacts of transportation and logistics issues, prior to making orders,
companies should create scenarios efdisisted demand so that the different scenarios
can be faored into decisions regarding quantities of orders. To further assist in these
efforts, companies can utilize technology platforms that provide better visibility into
available logistics capacity.

0 NIST should continue to work with industry partnerddntify supply chain challenges and
provide potential solutions, including through its collaboration with industry on Supply
Chain Assurance, which will produce example implementations to demonstrate whether
purchased computing devices are genuine dtetechauring manufacturing and
distribution processes.

2. Advance LongTerm U.S. Leadership and Resilience by Fully Funding the CHIPS for America
Provisions in the FY 2021 NDAA.

The BiderHarris Administration applauds Congress for recognizing the impaftanobust domestic
semiconductor manufacturing and research and development capabthiyrizynghe bipartisan CHIPS
for Americgorovisionsn the FY2021 NDAAAs an initial step, Congress should fund the CHIPS
provisionswith at least $50 biltian funding. Production incentives should support U.S. leadership in
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leading edge chip production, secure mature node supply chains for critical industries, and ensure the safety
and security of products produced domestically and by allies and partners.

T Manufacturing: Consistent with the American Jobs Plan proposals, federal incentives to build or
expand semiconductor facilities are necessary to counter the significant subsidies provided by foreign
allies and competitors. The NDAA authorized the Department of Contonaneed financial
assistance to private entities or pytrlicate consortia to finance, construct, expamdpdernize
facilities to support semiconductor fabrication, ATP, and advanced packaging. These incentives should
support production across niple nodes. Investment should support production of leading edge logic
production necessary to maintain competitiveness in the semiconductor industry, along with production
of mature node logic chips and analog and discrete chips essential to esiticed anttl defense needs,
and production of memory chips, which require support in the face of increased Chinese investment in
the memory industry.

T Research and DevelopmentCongress should also fund essential investments in R&D. As authorized
by the NDAA, these funds could support an NSTC, to advance the next phase of innovation, advanced

packaging and integration, research into new materials, architectures, processes, devices, and applications

and most importantly, bridges the gap between R&D and ooalizegion. The funds could support

NIST in establishing new programs to foster the development of Advanced Packaging and Test
capabilities onshore. Appropriations for may also support new or expanded R&D programs at the DoD.
For example, DoD fundsca be wused to continue or expand R&D
Initiative, including for laboratory to fabrication programs. These efforts should be closely aligned with
the NSTC R&D programs and priorities.

T Multilateral Fund: The NDAA authorize@ Multilateral Semiconductors Security Fund which, if
funded, should support the development and adoption of secure semiconductors and secure
semiconductors supply chains. This should include joint R&D programs with allies. The Fund, operated
by the Depament of State, would support diplomatic efforts with foreign partners to align policies on
export controls, foreign direct investment screening, supply chain security, intellectual property
protection, and transparency requirements on subsidies.

3. Strenghen the Domestic Semiconductor Manufacturing Ecosystem

As discussed in this report, an ecosystem for semiconductor manufacturing is critical for fostering a robust
and sustainable commercial semiconductor industry. The U.S. government should wnéEitakadgh
measures to advance this goal:

9 Investin the infrastructure needed to support semiconductor manufacturingCongress should
pass recommendations in President Bidends Amer.
semiconductor rearch and manufacturing and for critical supply chain efforts, will drive U.S. demand
for semiconductors through investments in key semiconductor using ifidusiueing power
generation transmission, clean energy, broadband, and electri@t aehigterirn, help incentivize
private sector investments. In addition, investments in clean energy and water sources should offset the
cost of energy for new semiconductor fabrication fadltigs are key inputs in semiconductor
manufacturing.

1 Supportprivate sector investments across the semiconductor manufacturing supply chain
o Congress should authorize and fund incentives to support key upstctading
semiconductor manufacturing equipment, materials, arfid gagdekwnstream industries
throughot the supply chain. With additional authorized funds, the Department of Commerce
could provide financial support for such facilities, EXIM could potentially provide loans or
loan guarantees for those facilities where there is a sufficient exportch&RA laans and
programs could support small domestic suppliers.
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0 SelectUSA services to foredigeated businesses of international and U.S. origins seeking to
invest in the United States can be used to attract investment in semiconductor manufacturing
suppy chains.SelectUSA services include market research products like Research and
Locations Report services, investment counselling, introductionslevstd&eonomic
Development Organizations to assist with organizing land and associated inérastructur
educational and matchmaking events, and assistance navigating the federal regulatory system.

91 Provide focused support for domestic chip production related to national security needs:

o DoD should support a study that analyzest8&HEequirements to determine whether
additional investments are needed for construction of new SEE test facilities.

0 With additional resources, DoD should increase investments to upgrade SEE testing
capacity at existing facilities to meet demand augjthpurchasing blotiuys of SEE
testing.

o DoD should invest in radiation hardened microelectronics data collection, storage, analytics
services to support a coordinated, centralized DoD SEE test resource management activities.

4. Support Small and MediumSize Semiconductor Businesses, including Disadvantaged
Businesses

Small and medium sized suppliers represent the majority of U.S. firms involved in semiconductor and related
device manufacturing awduld benefit fronspecialized support to increase thainket share and

resilienceTheir needs are diverse, ranging from R&D funding to prove emerging technologiestdinancing
support commercializatioand support in resisting predatory foreign acquisition prattiees.

Administration should hefmmall lusinesses scale and connect to comnpamiaictiori including through

existing SBA prografindy targetingromising areas of the semicondustgply chainsuch as design,
semiconductor manufacturing equipment, materials, production services, fabracdtieny i al s, 6 asse
and packagingd a mruthes theAamicistrationstowdkhalgcdomntercialize new

technology by targeting investments to promisingtéafe innovators.

T R&D funding: The Small Business Innovation Researchi8usihess Technology Transfer
(SBIR/STTR) program should be used in a consistent and coordinated manner by large Federal R&D
agencies (Departments of Defense, Commerce, Energy) to signal commitment and interest in U.S.
innovation and emerging technolagiepecially for startups and small businesses in fields related to the
semiconductor industryfhis can be used to establish a wide community of practice that intentionally
incorporates innovative small businesses, and expands connections withractalmiatosities,
including at historically black college and universities (HBCUs) and-s@ngrityinstitutions (MSIs),
to pull technology forward.

1 Support for commercialization: Promising small businesses should be supported by Federal agencies
to scale their businesses, connecting these firms to the commercial value chain via a clearly mapped
ogrowth chain.é

1 Address capital needs for growthSBA should assist U.S. small semdigctor firms byrawing the
attention of private investors in the Small Business Investment Companies program as a potential source
of debt and equity investment; asdisting these firms in making use otlmst’loan programs to
obtain workingapital, build inventory, drive domestic demand, buy out foreign owners and investors,
finance equipment purchases and expand facilities.

T EXIM can also assist with capital needsEXIM could provide loans or loan guarantees for capital
investment for thasfacilities where there is a sufficient export nexus and provide loans and loan
guarantees for exported U.S. goods and services.
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5. Build a Diverse and Accessible Talent Pipeline for Jobs in the Semiconductor Industry

The Administration and Congress showddfe significant investments to grow and diversify the STEM

talent pipeline, which is essential for semiconductor manufacturing and many other industries in the United
States. It should also expand sectoral partnerships through which employersrimensinppaith

training providers, intermediaries, labor unions and comimasety organizations to create pathways to job
opportunities. Training should be paired with strong labor standards, including the free and fair choice to
join a union and bargatollectively.

T The Department of Laborés (DoL) Employment and
support sectorbased pathways to jobs in the semiconductor industrylo that end, ETA
should continue to provide training grants and tools to partnéhshipsepare workers for high
skill employment, including:

o0 ETA should provide FLB Skills Training Grants, which support traipartnershipm
keyfields,which can include semiconductor manufacturing. These grants should target
veterans, military spems, transitioning service members, and underrepresented populations in
the applicable sectors, including wgomeaple of color, justiégevolved individuals,
individuals with disabilities, and other populations with employment barriers that hinder
movemat into middleto highskilled H1B occupations.

0 The Administration should use ETA funds to work with industry and labor, community
colleges, and nerofit partners to support pathways to semiconductor employment through
its Registered Apprenticeshipgreans. Through industry and labidven partnerships,
apprenticeships provide highality career pathways.

o0 ETA should continue to promote and provide technical assistance on the use of
semiconductor industrglated competency models, such as the ¢atyadtanufacturing
Competency Model developed in collaboration with SEMI and othersdtjecexperts.

In consultation with ETA, SEMI is currently developing an additional level of detail for the
Advanced Manufacturing Competency Model, describiimgitisérysector technical
competencies specific to the semiconductor séatitre coming months, ETA plans to
publish the updated model on its Competency Model Clearinghouse website.

o The American Jobs Plan creates The Sectoral Employment throughr&aregrfor
Occupational Readiness program. Congress should fund these investments, which will be
targeted to higgrowth industries and sectors such as semiconductor manufacturing.
Investments will support the formation of sector partnerships, deeetaprd scaling of
sector training programs, and establishment of-fexiised career centers. The program
will also provide supports to modernize the delivery of training, including disiag on
modalities. The Department of Labor will make grantsortia of workforce system
entities, education providers, employers/industry groupsiriahagement partnerships,
communitybased organizations, and unions. Investments can also be used to provide
wraparound services and supports to help workeessfidly complete the training
programs. While this program will primarily target workers early in their career trajectory, it
can be used to bring more underrepresented communities into this skilled workforce and begin
building the pipeline

o DoD shouldmnvest in a strategic PubdHdvateAcademic partnership workforce development
model with a focus on tilored curriculurto meet defense microelectronics talent needs
and 2yecruitmentnto the defense industry base and U.S. agencies.

1 Retain andsupport foreign workers filling essential gaps in the semiconductor workforce
Losing top STEM talent to competitor nations is detrimental to U.S. competitiveness and especially
counterproductive when the workers were educated at U.S. universitiesenCanmitufunding
semiconductor production incentives, Congress should address the immediate negkilfed high
semiconductor workers, including engineers and computer scientists, by increasing the number of
7€







































































































































































































































































































































































































































































































































