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Executive Summary

As part of the 2030 Digital Compass decadal plan, the European Commission aims
to establish cutting-edge semiconductor manufacturing in the European Union (EU).
The goal is to operate semiconductor fabrication plants (fabs) with 2nm process
nodes within the EU by the end of this decade. This would require tens of billions of
Euros in public and private investment. To make this investment strategically sound
in the long-term, such an “EU foundry” must have a solid business case based on
substantial demand in the market, especially in the highly competitive market of
cutting-edge chip manufacturing which has almost insurmountable barriers to en-
try. Unfortunately, chasing the 2nm fab is a futile endeavor with a very real risk of
wasting billions of Euros in public and private money. This idea lacks a business
case due to the following factors.

First, an EU foundry would predominantly serve European customers, but there are
very few semiconductor companies in the EU designing chips on 7nm or 5nm nodes
today. Most types of chips that Europe’s leading semiconductor companies produce
do not benefit from cutting-edge manufacturing. Thus, companies did not invest in
cutting-edge fabs for almost two decades. This lack of cutting-edge chip designs
in the EU directly translates into miniscule demand for cutting-edge contract chip
manufacturing. Therefore, before investing in supply (creating cutting-edge fabs),
Europe needs to create demand by investing substantially in its own chip design
capabilities.

Second, it is at best overly optimistic and at worst naive to hope an EU foundry
would attract orders from US chip design companies. It is highly likely that the two
companies at the forefront of cutting-edge chip manufacturing, TSMC in Taiwan
and Samsung in South Korea, will establish advanced fabs in the United States. Not
least because the United States has the largest chip design industry by far. Thus, to
alleviate national security and business continuity risks, within the next three to
four years US fabless companies will be able to order advanced chips from TSMC’s
and Samsung’s US foundries. This outlook further deludes the unique selling point
of an EU foundry. What is the rationale for a US fabless company to order chips from
TSMC EU rather than from TSMC Taiwan or TSMC US?

Third, it is not by chance that the market for cutting-edge chips manufacturing con-
solidated substantially over the last 20 years: Skyrocketing investment costs for
fabs and the need for extensive R&D collaborations across the entire supply chain
to advance the cutting-edge, all while maintaining high utilization rates to amortize
equipment costs within a few years, led to most companies dropping out of “More
Moore Scaling.” Only two companies operate cutting-edge fabs: Samsung in South
Korea and TSMC in Taiwan.
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Even if Europe were able to set up an advanced fab through a concerted effort and
tens of billions of Euros of private and public money, this money and resources
would be better spent in other areas where Europe is even more dependent on for-
eign technology providers: designing cutting-edge logic chips (such as processors
for data centers, high-performance computing, artificial intelligence and mobile
applications). Europe’s Achilles heel is the lack of fabless companies that design
chips.Once Europe’s chip design prowess is rejuvenated, the region will be in a much
stronger position to think about how best to invest in its manufacturing capabilities.
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Introduction

The semiconductor industry has received considerable attention from policy mak-
ers in recent years. Governments increasingly perceive semiconductors as strate-
gic assets where technology leadership must be achieved to strengthen economic
and national security. Thus, “chips” are at the heart of the intensifying technolo-
gy rivalry between the United States and China.’ The US government is especially
worried about the industry’s dependence on foreign semiconductor manufacturing.
Although all over the world the number of companies designing their own chips is
increasing, today significantly fewer companies operate cutting-edge fabrication
plants (“fabs” with 27nm process nodes) to manufacture the chips than 20 years
ago.” Cutting-edge wafer fabrication, the manufacturing of semiconductors, is a
highly concentrated market in terms of companies and geography. Currently, only
TSMC in Taiwan and Samsung in South Korea successfully operate cutting-edge
process nodes at 7nm and below, which are necessary for many modern logic sem-
iconductors, such as processors in consumer electronics, laptops and data centers.
Not surprisingly, the US government wants to reduce the country’s dependence on
foreign technology providers and strengthen its own semiconductor manufacturing
base through various industrial policies.

In a similar move, the European Union identified semiconductors as a prerequisite
for its own “technological sovereignty”. Although there have been previous efforts to
strengthen the EU’s semiconductor industry and gain market share, they were not
hugely successful. For the past three decades, the global market share of the EU’s
semiconductor industry was around 10%.“ Not least because of the US-China tech-
nology rivalry, rising geopolitical tensions and increasing scrutiny of global supply
chains due to COVID-19, discussions about how to rejuvenate the EU’s semiconduc-
tor prowess are resurfacing. In December 2020, the majority of EU member states
signed a joint declaration, titled A European Initiative on Processors and Semicon-
ductor Technologies,® with the goal to substantially invest in the EU’s semiconductor
industry. In the 2030 Digital Compass, the European Commission defined its decadal
ambition: a 20% market share and establishment of cutting-edge fabs with <5nm
process nodes.® The 2030 Digital Compass, the joint declaration and the broader pol-
icy discussions’ consistently mention the lack of advanced wafer fabrication as the
EU’s central weakness regarding semiconductors.

This paper argues that the strong focus on establishing cutting-edge fabs in the EU
is ill-advised and the wrong first step to meaningfully strengthen the EU’s semicon-
ductor industry. To make that point, this paper analyzes the role of wafer fabrication
in the semiconductor value chain. Then, the paper identifies why the market for cut-
ting-edge fabs is highly concentrated and why there are no cutting-edge fabs in the
EU. Last, this paper argues that there is no business case for an advanced fab in the
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EU, and that the lack of advanced logic chip design is the EU’s Achilles heel. Before
thinking about advanced logic fabs, the EU must invest substantially in its own ad-
vanced logic chip design capabilities.

To get the most out of this paper, it is highly recommended to read SNV’s first analy-
sis from October 2020, “The Global Semiconductor Value Chain: A Technology Primer
for Policy Makers.”® It provides an overview of the semiconductor production stack
and explains the different business models, important regions, interdependencies
as well as choke points.
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1. The economics of advanced wafer fabrication

The fab is where everything comes together. Whether operated by an integrated
device manufacturer (IDM), such as Intel, or a foundry, such as TSMC, fabs rely on
a highly specialized and complex supply chain. Establishing such an ecosystem is
hard and easily takes more than a decade.

Foundries have to collaborate closely with fabless companies that must base their
chip design on a specific process node. Fabs work closely with electronic design au-
tomation (EDA) tool vendors to develop new process nodes and ensure that the EDA
software supports the fab’s process nodes.’ Fabs also have close ties with equip-
ment, chemical and wafer vendors. For example, several Taiwanese chemical suppli-
ers plan to move with TSMC to Arizona in the US to support the company’s new fab.

In 2020, ASML established a training center in Taiwan, next to TSMC, to train engi-
neers for 18 months on ASMLs complex photolithography equipment, necessary for
process nodes below 7nm."" In addition to these close business relationships, fabs
maintain a multitude of R&D collaborations with research and technology organiza-
tions (RTOs), EDA, equipment and chemical suppliers to develop the next generation
of process nodes.

Additionally, fabs that depend on “node shrinkage” typically work on several process
nodes at the same time. TSMC’s 5nm process nodes are currently in “volume pro-
duction,” but the company plans to start “risk production” on its 3nm nodes in 2021
and is already researching process nodes of 2nm and below.'” This node shrinkage
or “More Moore Scaling” (more transistors per square millimeter with better perfor-
mance, less power consumption and lower costs) is especially important for logic
semiconductors in the consumer market, such as processors in smartphones and
laptops.’® At the same time, this market segment generates the high volumes that
make the enormous upfront investments in chip design and manufacturing econom-
ically viable': For example, Apple’s iPhone sales totaled US$65.6 billion in 4Q 2020
alone.” With that amount of quarterly sales, Apple can afford to invest billions in
its own chip design and contract with TSMC to manufacture the chips. Because of
these economies of scale, the most advanced chips in terms of “PPAC” (power, per-
formance, area, cost) are found in consumer electronics.

That said, many types of semiconductors, such as analog and mixed-signal semicon-
ductors (power supply and radio frequency (RF) chips, sensors and many more), do
not depend on node shrinkage. Therefore, comparing fabs from Texas Instruments,
Analog Devices or Infineon'® (several of the leading analog semiconductor compa-
nies) with fabs from Intel, Samsung or TSMC is comparing apples and pears.
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How the era of “More Moore Scaling” led to
substantial fab consolidation

Samsung in South Korea and TSMC in Taiwan are at the forefront of “More Moore
Scaling” and mastered node shrinkage. Because it depends heavily on economies
of scale, it is not surprising that Samsung and TSMC are also the leaders in wafer
capacity (the number of silicon wafers run through their fabs each month). Each
company has a higher wafer capacity than all the fabs in the United States add-
ed together."” Although there are more than 10 foundries in the world with process
nodes of 40nm and higher, only Samsung and TSMC successfully operate nodes at
7nm and below.’® This also means that currently, any wafer capacity below 10nm
is available only in South Korea or Taiwan (see figure 2). However, this may change
within 3 to 5 years, as TSMC and Samsung plan to build relatively cutting-edge fabs
in the United States.

Looking at the business dynamics, it was inevitable that over the last 20 years most
companies would drop out of “More Moore Scaling.” To better understand this devel-
opment, three factors must be considered: skyrocketing investment costs for cut-
ting-edge fabs, increasing R&D intensiveness across the entire supply chain and
necessarily high fab utilization rates to amortize the capital expenditure.

« Skyrocketing costs of new fabs: Capital expenditure for a modern (5nm) fab is
close to US$20 billion with annual operating expenditures of more than US$1
billion.? The skyrocketing costs mainly stem from increasingly complex and ex-
pensive manufacturing equipment.”’ Part of the rising operating expenditures
are electricity costs. For example, analysts estimated that TSMC accounted for
close to 5% of Taiwan’s electricity consumption in 2019.

« High volume, high utilization: To amortize such a huge investment within a few
years, a fab needs high utilization rates. UMC, the second largest foundry in Tai-
wan, had quarterly utilization rates of 93-99% in 2020.”* Some analysts expect
that Samsung’s and TSMC’s 7nm nodes will have utilization rates of 95-100% in
2021.% There is essentially no “spare capacity” in wafer fabrication, especially
not at the cutting-edge. Fabs simply cannot afford it.

* Increasing complexity and R&D intensiveness: Advanced logic fabs are more
than just expensive equipment in gigantic cleanrooms. Ensuring rapid time to
market, high yield rates (the percentage of “good” chips on a wafer after fabrica-
tion) and high utilization rates, all at the same time, requires substantial process
knowledge and managerial skills.”” Moreover, fabs need to advance node shrink-
age through substantial R&D collaborations to develop future process nodes.
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With these economics at play, it is not surprising that only a few companies in the
world have the expertise,money and ecosystem to successfully operate cutting-edge
fabs. Contract manufacturing below 10nm is down to Samsung and TSMC. Intel fell
behind, but even if they manage to catch up with TSMC and Samsung, as an IDM Intel
so far built fabs for its own production and thus, does not provide wafer capacity to
the market.”” The company announced to offer foundry services in the future? but it
will take many years, if successful at all.”® Last, even if the US administration in the
future reduces the export restrictions against SMIC, the largest Chinese foundry and
only contender focused on “More Moore Scaling,” it is unclear whether SMIC will be
able to successfully operate 7nm nodes within three to five years.

“More Moore Scaling” will most likely continue for another 10-15 years,*' and its eco-
nomics have created insurmountable barriers to entry. Thus, it is quite likely that the
industry will continue to rely solely on TSMC and Samsung for cutting-edge wafer
fabrication.

10
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2. Why the EU has no cutting-edge fabs

Assessing the technological advancement of a fab based only on the “nanometers”
of its manufacturing process poses some problems. First, for many years the num-
ber of nanometers has not described any actual physical dimension of the final in-
tegrated circuit or the fabrication process: “14nm” and “7nm” are merely marketing
terms. They can be used as a general indicator but not as much more.?” Second, pro-
cess node density is mostly relevant for logic semiconductors: A processor manu-
factured on a 7nm node consumes less energy and thus, can be more complex and
powerful than a processor manufactured on a 28nm node. However, node density
is not a relevant measure for many other types of semiconductors, such as analog
semiconductors and sensors. Innovation in analog and mixed-signal semiconduc-
tors, such as power supply chips or radio frequency applications, is driven by utiliz-
ing new materials, such as silicon-carbide (SiC) or gallium-nitride (GaN), instead of
node shrinkage. In addition, modern analog fabs cost several times less than cut-
ting-edge fabs for logic or memory chips.

That said, when looking at wafer fabrication in Europe (not just the EU), it becomes
clear that there is a severe lack of advanced logic fabs. Furthermore, compared to
China, Japan, South Korea, Taiwan and the United States, Europe has by far the
smallest overall wafer capacity, no matter the technology node. The following chart
(figure 1) shows the total wafer capacity per region for 2010, 2015 and 2020. Al-
though Europe has the smallest wafer capacity today, the region also grew its wa-
fer capacity by only 18% over the past 10 years, in stark contrast to China (+205%),
South Korea (+126%) and Taiwan (+67%).

Total Wafer Capacity by Region (2010, 2015, 2020)
[million wafers per month]

2010
2015
2020

KR JP CN us EU RoW

Looking at regional wafer capacity for specific technology nodes (figure 2), it is ob-
vious that cutting-edge wafer fabrication at 7nm or less takes place only in South
Korea and Taiwan. However, more importantly, Europe lacks cutting-edge as well as
trailing-edge (a few generations behind the cutting-edge generation) logic fabs:

11
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e <20nmtoz=10nm
The tiny share of wafer capacity for 210nm to <20nm process nodes is almost
entirely due to Intel’s fabs in Ireland (14nm) and Israel (10nm).** Currently, no
foundry in the EU has these trailing-edge nodes. So far, Intel utilizes these fabs
for its own production, and they are not available to the market for contract man-
ufacturing. This might change in the future if Intel decides to offer its foundry
services in its Ireland fabs.

e <40nmtoz220nm
In addition to Intel’s fabs with process nodes of <40nm to 220nm in Ireland and
Israel, there are fabs from STMicroelectronics in Crolles, France®® (28nm FD-
S0I*7), and Globalfoundries in Dresden, Germany®® (22nm FD-SOI). Globalfound-
ries, headquartered in the US but owned by a state-owned investment company
from the United Arab Emirates, the only trailing-edge foundry in EU.

e <180nmto 240nm

Many European IDMs operate these “mature” nodes in the EU. In addition to
STMicroelectronics in France and ltaly, and Globalfoundries in Germany, Bosch
(=65nm in Dresden, Germany),* Infineon (=90nm in Dresden, Germany),*’ X-FAB
(z130nm in Corbeil-Essonnes, France) and NXP (=140nm in Nijmegen, the Neth-
erlands)*' operate these process nodes. Although some of these nodes could be
considered “antique” by today’s standards for mobile chips and processors, the
nodes are in high demand for chips in automotive and industrial applications.

* 2180nm
Almost 50% of Europe’s total wafer capacity consists of nodes that are 180nm or
larger. Although they were introduced more than 20 years ago, these nodes are
still in use today for power semiconductors, sensors and other types of analog
semiconductors. In addition to the companies above, many specialty foundries
such as X-FAB“? and United Monolithic Semiconductor (UMS)*“?, both with fabs in
Germany and France, operate process nodes with densities of 180nm and higher.

Total Wafer Capacity by Region and Technology Node as of Dec 2020
[million wafers per month]

Taiwan South Korea Japan China United States Europe Rest of World
<10nm
210 - <20nm
220 - <40nm
>40 - <180nm
2180nm
0,0 2,0 0,0 2,0 0,0 2,0 0,0 2,0 0,0 2,0 0,0 2,0 0,0 2,0
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In summary, the EU has the smallest amount of total wafer capacity by far compared
to other important regions in the semiconductor value chain, such as Japan, South
Korea, Taiwan, United States or even China. Furthermore, only a tiny portion of that
capacity can be used to manufacture modern logic semiconductors: Globalfound-
ries’22nm FDSOI fab in Dresden and STMicroelectronics’ 28nm FDSOI fab in Crolles,
France. Infineon, NXP and STMicroelectronics are among the leading microcontroller
suppliers for industrial and automotive applications*; however, most of these chips
are manufactured at foundries. Thus, the majority of logic semiconductor suppliers
follow a “fab-lite” business model and rely on foundries outside Europe.

That the major European IDMs did not focus on “More Moore Scaling” is also re-
flected in the spending on equipment over the past 20 years (figure 3). To keep pace
with improving manufacturing processes, fabs must constantly expand capacity
and invest in the next generation of manufacturing equipment. Thus, the amount of
equipment spending per region is a good proxy to analyze which regions have seen
the largest fab investments. In 2003, Europe was responsible for nearly 12% of all
equipment spending, but in 2020, only 3% of equipment spending was in Europe.
The global equipment market grew from US$22 billion in 2003 to around US$69 bil-
lion in 2020, but investment in manufacturing equipment in Europe was smaller in
2020 (US$2.4 billion) than in 2003 (US$2.56 billion).

Equipment Spending by Region and Year

[sales in USS billion]

75

50

25

0
2003 2004 2005

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

EU JP us KR TW[ECN  RoW

Figure 4 furthermore illustrates the long-term trend of cutting-edge wafer fabrica-
tion moving to Asian countries due to economies of scale, government incentives
and market consolidation because of the economics of “More Moore Scaling.” In
2003, Europe, Japan and United States together were responsible for nearly 60% of
all equipment spending. By 2020, this number had decreased to 23%. Over the same
time period, the combined equipment spending by China, South Korea and Taiwan
grew from around 32% (2003) to more than 73% (2020).

13
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Equipment Spending by Region and Year
[sales share in percent]
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Figure 4 Did the leading European semiconductor companies simply underinvest in their own
manufacturing capacity and thus, become increasingly dependent on foreign found-
ries? Not necessarily. Although European companies are certainly highly depend-
ent on foreign foundries for logic semiconductors such as microcontrollers, some
companies invested substantially in their own capacity. When comparing the capital
expenditure (CAPEX) margin (CAPEX relative to revenue) with other leading analog
semiconductor companies, there is no stark discrepancy (figure 5). Over the last 10
years, the CAPEX margin for analog semiconductor suppliers was between 3% and
15%. Naturally, companies that focus on “More Moore Scaling,” such as Intel (15—
25%) and TSMC (30-50%), have much higher CAPEX margins.

Average CAPEX Margin 20112020
[percent]

Analog Devices
Texas Instruments [
NXP
Renesas
ON Semi —
STMicroelectronics
Infineon
Intel
umMC
TSMC

0% 10% 20% 30% 40%
Wus [EU [P L TW

Figure 5 When upgrading old fabs or building new ones, European IDMs increasingly invested

in compound semiconductors such as GaN and SiC. The physical properties of these
compound materials provide substantial advantages over traditional silicon, espe-
cially for power semiconductors and radio frequency (RF) chips: from Bosch (SiC
in Reutlingen, Germany) to Infineon (SiC/GaN in Villach, Austria)*° and STMicroelec-
tronics (SiC/GaN in Catania, Italy and GaN in Tours, France)“°. As sensors, power and
RF semiconductors are the strong suite of the EU’s major semiconductor companies,

14
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it is not surprising they invested in these “Beyond Moore” technologies instead of
trying to further compete in silicon-based node shrinkage.

In summary, the substantial lack of wafer capacity for advanced logic semiconduc-
tors in Europe should not come as a surprise. European semiconductor suppliers
focused on their customer base — mainly industrial and automotive — in terms of
product differentiation. For both applications “More Moore Scaling” (raw compute
power) was not an important factor. Furthermore, because of the lack of European
consumer-facing electronics companies (the industry that relies on “More Moore
Scaling” the most), there was simply no large-scale demand for advanced logic sem-
iconductors. Of course, chips from European IDMs end up in consumer electronics
but in small quantities and for sensing, power management or security applications,
not logic. Of the 35 chips in Samsung’s “Galaxy S20 Ultra 5G” smartphone, only two
chips and two sensors are from European IDMs.*” This lack of European consum-
er-facing electronics companies, combined with the economics of “More Moore
Scaling” that created increasingly high barriers to enter cutting-edge wafer fabrica-
tion, led the EU’s IDMs and foundries to invest less and less in advanced manufac-
turing capabilities for logic semiconductors. The companies simply did not benefit
from node shrinkage for the vast majority of their products.

15
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3. A cutting-edge EU foundry:
in search of a business case

Because cutting-edge wafer fabrication is highly concentrated geographically
(South Korea and Taiwan) and in terms of companies (Samsung and TSMC), debates
within the EU about the need to invest in European cutting-edge wafer capacity to
address potential geopolitical and geographic risks are increasing. The idea is that a
2-3nm foundry within the EU would diversify the market and secure capacity for Eu-
ropean chip designers.“®* The European Commission’s 2030 Digital Compass clearly
states the ambition to invest in cutting-edge fabs to rejuvenate the EU’s semicon-
ductor expertise.*” Because of the steep barriers to enter the market of cutting-edge
wafer fabrication and the substantial investments that would be necessary for such
an endeavor, there has to be a strong business case for a cutting-edge foundry in
the EU. In principal, there are three different ways to achieve that. The first strategy
is convincing TSMC or Samsung through financial incentives to build a fab in the EU,
as the US is doing. The second strategy is setting up an EU foundry (consortium) but
licensing the process node technology from Samsung, similar to what Globalfound-
ries did for its 14nm nodes.” The third strategy is setting up an EU foundry that de-
velops its own process node — the hardest and longest road.

For any of these strategies, there first must be a strong business case. However,
there is not, mainly for two reasons: lack of cutting-edge chip design and ongoing
efforts by the US to invest substantially in domestic wafer fabrication.

Lack of cutting-edge logic chip design in the EU

Only a handful of companies in the EU design chips on 5nm and 7nm process nodes,
such as NXP°', STMicroelectronics®, mobile equipment vendor Ericsson and smaller
start-ups like SiPearl (European Processor Initiative).” The following chart (figure 6)
illustrates that EU chip designs play at best a marginal role in cutting-edge fabs.
The forecast for the most important customers for wafer capacity at 5nm and 7nm
globally clearly shows the dominance of US fabless companies.

The vast majority of capacity in 2021 will be used to manufacture chips for US-
based companies such as AMD, Apple, Nvidia and Qualcomm. European chip de-
signs can be found within the Rest of Market (RoM) category that will account for
6% (7nm) and 8% (5nm) of total wafer capacity in 2021. Of course, there are viable
cutting-edge chip designs from NXP or the newly established European Processor
Initiative (EPI),** but their order volumes in terms of wafer capacity simply does not
register. Europe’s problem starts on the demand side. Therefore, increasing supply

16
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Estimated Share of Wafer Shipments by Customer in 2021

[percent
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Figure 6 through an EU foundry before there is sufficient demand for cutting-edge wafer fab-

rication from European chip designers seems ill-advised.

TSMC and Samsung in the US

With the CHIPS for America Act, the United States wants to re-shore advanced wafer
fabrication to lower the country’s dependence on Taiwan and South Korea as glob-
al hubs for chip manufacturing.®® Over the last few decades, many Asian countries
established substantial financial incentives for chip manufacturing in the form of
preferential loans, tax holidays and other subsidies.*®* The US wants to match these
incentives, at least to some extent, to encourage foundries and IDMs to build new or
upgrade older fabs in the US.?”In 2020, TSMC announced it would build a new 5nm
fab in Arizona,* and information about Samsung building a cutting-edge fab in the
US leaked this year.”® Samsung is asking for around US$1 billion in tax abatements
and tax breaks.®

The US government’s focus on wafer fabrication could be an economically viable
strategy, because the US has the largest chip design industry in the world to create
demand for these future fabs. All the subsidies in the world would not help to estab-
lish a sustainable wafer fabrication ecosystem if there were no demand.

The same is not the case for a potential EU foundry, however. Because of the lack
of cutting-edge chip designs within Europe, the region would rely on foreign (US)
chip design companies for orders. The question is, why would US fabless compa-
nies choose to manufacture their chips not in South Korea, Taiwan or the United
States but in Europe? And why when the future cutting-edge EU fab is operated not
by Samsung or TSMC but by an EU consortium®'? A chip design is always based on
a particular process node from a certain company’s fab. One cannot simply switch
from TSMC’s 5nm node to Samsung’s 5nm node. If TSMC or Samsung operates cut-
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ting-edge fabs in the EU, they would most likely be compatible with the companies’
existing process nodes. Meaning, the same chip design could potentially be manu-
factured in Taiwan, the US and EU (TSMC) or South Korea, the US and the EU (Sam-
sung). In the case of an EU consortium, chip designs could be manufactured only at
that fab.This makes it even more unlikely that non-European chip design companies
would base their designs solely on the process node of a single EU foundry.

Furthermore, access to cutting-edge fabs in the US also changes the national secu-
rity rationale for Europe. If sourcing chips solely from Taiwan or South Korea poses
national security and business continuity risks, those risks could most likely be al-
leviated by sourcing the chips from the United States.

In summary, the US government’s efforts to strengthen wafer fabrication in the US
are backed by the US industry’s substantial chip design capabilities. The same is
simply not true for the EU. The EU lacks chip design capabilities for advanced logic
semiconductors. Thus, a future EU foundry would need to attract non-EU custom-
ers. This is highly unlikely, especially in light of the cutting-edge fabs in the US an-
nounced by TSMC and Samsung and if Intel establishes its foundry business in the
future.

Would an EU foundry have lessened the automotive chip shortage?

The automotive chip shortage was based on the interplay of three dynamics. The
first was an overly pessimistic forecast by car manufacturers for how quickly the au-
tomotive market would recover from the pandemic. The second is the dominance of
just-in-time delivery across the entire automotive supply chain leading to car man-
ufacturers and tier-1 and tier-2 suppliers having essentially no inventory. The third
is the simultaneously strong demand for consumer electronics due to employees
working from home.

The first dynamic meant that car makers and their tier-1 suppliers (companies such
as Continental, Bosch and Denso) stopped ordering chips in the second and third
quarters of 2020. Thus, automotive tier-2 suppliers (semiconductor manufacturers
such as Infineon, NXP and Renesas) saw demand drop significantly.®> When the mar-
ket recovered more quickly than expected, the second dynamic (no inventory due to
just-in-time delivery) meant tier-1 suppliers almost immediately ran out of chips
and had to reorder. Manufacturing a chip takes four to six months: wafer fabrication
alone takes around three months, and then it must be assembled, tested and pack-
aged.® To make things worse, automotive suppliers ordered chips when the fabs
were already running at full capacity to produce chips for consumer electronics and
cloud providers.

18
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In that situation, an EU foundry would have helped only if (1) automotive chip sup-
pliers already used this particular fab for their designs and (2) if the foundry re-
served some of its capacity for automotive customers. The latter is highly unlikely
as consumer electronics required a lot of capacity, and an EU foundry would have
also served those customers, because fabs are economically viable only under high
utilization rates.

Thus, the automotive chip shortage is not a viable case to meaningfully argue in favor
of increased wafer capacity within the EU, let alone for cutting-edge logic fabs. The
majority of automotive chips are based on mature process nodes, not cutting-edge
manufacturing.
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4. Why the EU needs to invest in chip design first

Logic chips that depend on “More Moore Scaling” are often produced through the
collaboration of fabless companies and foundries. The former focuses on innova-
tions in chip design and the latter on investing in the manufacturing process. Today,
fabless companies account for nearly 33% of global IC sales, up from 9% in 2000.%
European IDMs rely on foundries for many of their logic chips because of this more
cost-efficient division of labor.®®

With a 65% market share the US has the largest fabless industry by far.”” Many of
the leading fabless companies, from AMD to Nvidia and Qualcomm, focus on “More
Moore Scaling.” Because fabless companies can focus completely on chip design,
they have one of the highest R&D margins in the semiconductor industry, often 20—
30% and higher. The following chart (figure 7) shows the accumulated R&D invest-
ments over the last 10 years for the 10 largest, publicly listed fabless companies.
This R&D activity allows US fabless companies to stay at the cutting edge and de-
velop increasingly more complex and sophisticated logic chips.

Accumulated R&D Costs 2011-2020 of Ten Largest Fabless Companies
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Figure 7

Over the same time period, Europe’s fabless industry fell from 4% market share in
2010° to 2% in 2020.%° Only two publicly listed fabless companies are left in Europe:
Dialog Semiconductor (headquartered in the United Kingdom) and Nordic Semicon-
ductors (headquartered in Norway). With the announcement of the acquisition of
Dialog Semiconductor, the largest fabless company in Europe, by Renesas in Japan,
this downward trend will most likely continue.”®

The need to strengthen the EU’s chip design capabilities and fabless industry was
identified in 2013. The European Commission, with the industry, planned to “work
on reinforcing its electronics design industries and fabless semiconductor compa-
nies.””"In 2018, the European Commission again planned to strengthen the EU’s chip
design ecosystem through a “European Design Alliance” and “strategic design initia-
tives.”’? Instead, the EU’s fabless industry shrunk by 50% over the last 10 years. Even
worse, the European Commission’s newest 10-year plan on digitalization, 2030 Dig-
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ital Compass, focuses almost exclusively on manufacturing and lacks a clear vision
for chip design investment.

If the EU does not create demand for cutting-edge wafer fabrication by significantly

strengthening its chip design ecosystem (from universities to start-ups and verti-
cals), investing in cutting-edge fabs will be a futile effort.
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Conclusion

The continued focus on cutting-edge wafer fabrication in the EU’s efforts to strength-
en its technological sovereignty in semiconductors is ill-advised.’”* Investing in ad-
vanced logic fabs without a viable business case will very likely waste billions of
public and private money. Yes, the EU completely lacks cutting-edge fabs, but more
importantly, it lacks design capabilities for advanced logic chips and a fabless in-
dustry. Increasing supply (fabs) before there is demand within the EU (fabless com-
panies) is at best overly optimistic and at worst naive. Hoping that non-EU compa-
nies will base their designs on EU process nodes is highly unlikely, especially in light
of the announcements that TSMC and Samsung plan to build cutting-edge fabs in
the US. Furthermore, if Intel offers its foundry services in its existing fabs in Ireland,
Europe potentially has access to trailing-edge fabs within this decade. At least at
the moment, this scenario seems more likely than a greenfield fab investment by
TSMC in the EU.

The EU has world-class RTOs, equipment suppliers and silicon wafer vendors that
are all deeply involved in cutting-edge wafer fabrication in South Korea, Taiwan and
the United States. But Europe’s own semiconductor industry predominantly designs
logic chips on trailing-edge and mature process nodes, for industrial and automo-
tive applications. Thus, if the EU wants to invest in fabs today, these investments
should focus on trailing-edge wafer fabrication at 14nm and above.

However, Europe’s key problem is not just wafer fabrication but advanced logic chip
design. Yet in the joint declaration from December 2020, chip design plays only an
ancillary role’® and even a smaller role in the 2030 Digital Compass. European gov-
ernments are right to look more closely at the competitiveness and dependencies
of our own semiconductor industry. But the strong focus on a 2nm fab is ill-advised
and will waste money, resources and attention while there is a much bigger problem
at hand.
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List of figures

Figure 1: Total Wafer Capacity by Region (2010, 2015, 2020) (data: IC Insights)

2010 2015 2020
™ 2,66 3,547 4,45
KR 1,88 3,357 4,25
JP 2,71 2,824 3,28
CN 1,04 1,591 3,18
us 1,81 2,32 2,62
EU 1 1,046 1,18
RoW 1,25 1,665 2

Figure 2: Total Wafer Capacity by Region and Technology Node (data: IC Insights,
https:/semiwiki.com/forum/index.php?attachments/monthly-wafer-capaci-
ty-2020-icinsights-jpg.350/)

<180nm-—

240nm

EU 0,58 0,31 0,16 0,13 0,00
JP 0,82 0,57 0,00 1,89 0,00
us 0,77 0,53 0,39 0,93 0,00
™ 0,81 1,24 0,68 0,80 0,93
KR 0,32 0,40 0,63 2,34 0,55
CN 0,98 0,66 0,36 1,18 0,00
RoW 0,52 0,51 0,09 0,73 0,00
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Figure 3 and 4: Equipment Spending by Region and Year (data: SEMI)

2003 2004 2005 2006 2007 2008 2009 2010 2011
EU 2,56 3,44 3,26 3,6 2,94 2,45 0,97 2,33 4,22
KR 3,12 4,51 5,83 7,01 7,35 4,89 2,6 8,33 8,66
™ 2,92 7,76 5,72 7,32 10,65 5,01 4,35 11,19 8,52
CN 1,16 2,68 1,33 2,31 2,92 1,89 0,94 3,63 3,65
us 4,73 5,81 5,7 7,32 6,55 5,63 3,39 5,76 9,26
JP 5,56 8,28 8,18 9,21 9,31 7,04 2,23 4,44 5,81
RoW 2,1 4,49 2,88 3,71 3,05 2,61 1,44 3,85 3,41
2 22,15 36,97 32,9 40,48 42,77 29,62 15,92 39,53 43,53

2012 2013 2014 2015 2016 2017 2018 2019 2020F
EU 2,55 1,91 2,38 1,94 2,18 3,67 4,22 2,27 2,4
KR 8,67 5,13 6,84 7,47 7,69 17,95 17,71 9,97 15,7
™ 9,53 10,57 9,41 9,64 12,23 11,49 10,17 17,12 16,8
CN 2,5 3,27 4,37 4,9 6,46 8,23 13,11 13,45 18,1
us 8,15 5,26 8,16 5,12 4,49 5,59 5,83 8,15 6,1
JP 3,42 3,38 4,18 5,49 4,63 6,49 9,47 6,27 7,3
RoW 2,1 2,07 2,15 1,97 3,55 3,2 2,52 2,52 2,6
2 36,92 31,59 37,49 36,53 41,23 56,62 63,03 59,75 69
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Figure 5: Average CAPEX Margin 2011-2020 (data: quarterly company financial data)

Figure 6: Estimated Wafer Shipments by Customer in 2021 (data: Counterpoint,
https:/www.counterpointresearch.com/foundry-industry-revenue-growth-conti-

nue-2021/)

Figure 7: Accumulated R&D Costs 2011-2020 of the Ten Largest Fabless Companies
(data: quarterly company financial data)
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